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whole work has undergone a careful revision,

this edition the

and in some parts sections have been almost entirely
written.

places

Many new

illustrations

re-

have been added, and in some

have been eliminated and have been

old illustrations

replaced by others.

In connection with the Peritoneum,
the

it

was thought that

description of its complex folds would be rendered

intelligible

by studying

and by describing

its

simple primitive type in the embryo

development.

its

more

The Editor has

therefore

availed himself of the pen of Dr. Feed. T. Beockway, Assistant

Demonstrator

of

Anatomy, College

(Columbia University)

New

York,

of

Physicians and Surgeons,

who has

written a very clear

and concise account

of

which was published

in the last issue of the

of this

work.

the Development of the Peritoneum,

American edition

This the Editor, by the kind permission of Messrs.

Lea Beothees &

Co., of Philadelphia,

has introduced into the

present edition.
It is

hoped that

which the work has

this edition will

for so

many

maintain the reputation

years enjoyed.
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GENERAL ANATOMY
of
THEthefluids
chyle,

the body, which are intended for its nutrition, are the lymph,
and the blood. There are other fluids also which partially

subserve the same purpose, as the saliva, the gastric juice, the bile, the intestinal
and others which are purely excrementitious, as the urine. But there
secretion
is no need to describe the rest in this place, since they are the secretions of
special organs, and are described, as far as is judged necessary for the purposes
of this work, in subsequent pages.
We shall here speak first of the blood, and
next of the lymph and chyle.
;

THE BLOOD
The blood
it

is

a thickish,

opaque

fluid, of

a bright red or scarlet colour

flows from the arteries, of a dark red or purple colour

when

when

flows from the

it

It is viscid, and has a somewhat clammy feeling
it is salt to the taste,
and has a peculiar faint odour. It has an alkaline reaction its alkalinity
varies in degree
it is greatest after a meal and least after severe
muscular
exertion.
Its specific gravity at 60° F. is about i"o55, and its temperature is
generally about 100° P., though varying slightly in different parts of the body.
General Composition of the Blood. When blood is drawn from the body
and allowed to stand, it solidifies in the course of a very few minutes into a jellylike mass, which has the same appearance and volume as the fluid blood, and,
like it, looks quite uniform.
Soon, however, drops of a transparent yellowish
fluid begin to ooze from the surface of this mass and to collect around it.

veins.

;

;

;

—

Coincidently with this the clot begins to contract, so that, in the course of about
twenty-four hours, the original mass of coagulated blood has become separated
into two parts
a clot or coagulum,' considerably smaller and firmer than the
first-formed jelly-like mass, and a large quantity of yellowish fluid, the serum, in
which the clot floats.
The clot thus formed consists of a solid, colourless material, called fibrin, and
'

:

a large

number

'

'

of

minute

cells or corpuscles, called blood-corpuscles,

which are

entangled and enclosed in the fibrin. The fibrin is formed during the act of
solidification.
In the fluid blood in the living body there are two substances,
nsiiiTied fibrinogen dind paraglobulin or serum globulin, which may be termed fibrinfactors.
These two materials, when withdrawn from the body, become acted
upon by a third material, also contained in the blood, and named a fibrinferment, and unite together, forming a solid substance, fibrin.
This latter in its
process of solidification encloses and entangles the blood-corpuscles, and thus
the clot is formed.
It mxist be stated, however, that recent observations have shown that, in the
act of clotting outside the body, solutions of fibrinogen,

on addition of fibrinferment, clot firmly, provided that the solution has a trace of a calcium salt.
Consequently paraglobulin would not appear to be necessary for this process it
;

B
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merely plays an accessory part, leading to the formation of a firmer and more
abundant fibrin. The act of clott^ing outside the body, which is evidence of the
death of the blood, is a process dissimilar to that which occurs inside the body.
In the former case a body, fibrinogen, is acted upon by the fibrin-ferment, which
appears only after the death of the white corpuscles. In the latter, intravascular
clotting can be produced in two ways
(i) by directly stimulating living blood,
as by the transfixion of an artery by a needle
or (2) by injection of proteid
bodies, which contain lecithin, and which, when injected'into the blood, kill in a
few minutes by producing intravascular clotting. Further, injection of fibrinferment into the blood has negative results and, again, addition of proteid and
lecithin to blood, removed from the body, does not in any way affect the ordinary
:

;

;

coagulation process.
may now consider the constituents of the blood in another way. If a
drop of blood is placed in a thin layer on a glass slide and examined under the
microscope, it will be seen to consist of a number of minute bodies or corpuscles

We

floating in a clear fluid
and, on more minute examination, it will be found that
these corpuscles are of several kinds.
Some, greatly preponderating in point
of numbers, are termed coloured corimscles
others, fewer in number and
less conspicuous, are termed colourless corpuscles.
From this we learn that
blood is a fluid holding a large number of corpuscles of different varieties in
suspension. The fluid is named liquor sawiuinis or plasma, and must not be
confused with the serum spoken of above in connection w^ith the coagulation of
the blood for it differs from it in this important particular that it contains
fibrinogen, while serum contains no fibrinogen.
The relation of these various constituents of blood to each other will be easily
understood by a reference to the subjoined plan.
;

;

;

j'

Blood

Corpuscles

)

Fibrin

-I

{

Liquor Sanguinis
(

The

p.

Serum

— The

bodies suspended in blood plasma are of three
kinds (i) Erythroblasts, (2) Chromocytes, (3) Leucocytes.
Erythroblasts are nucleated corpuscles, variable in size and containing
haemoglobin. They occur in the embryo, and in the adult are found in the
Blood-corpuscles.

:

I'.'

spleen and red marrow, also in blood after excessive haemorrhage.
2. Chromocytes comprise the ordinary non-nucleated red discs.
They develop
irom erythroblasts, which lose their nuclei either by extrusion from the protoplasm or by solution in this substance. Blood-plates are minute chromocytes
•destitute of a nucleus in mammals, but possessing one in birds, fish, and
amphibia.
These are the colourless corpuscles. They multiply by
3. Leucocytes.
division of the nucleus.
The daughter cells are lymphocytes.
Coloured corpuscles {chromocytes) when examined under the microscope and
viewed on the flat are seen to be circular, like a coin, and present a slight
central depression, which sometimes appears as a dark centre surrounded by
a light ring; but on altering the focus appears as a light centre surrounded
by a dark ring. When viewed in profile, each corpuscle is seen to be cupped
on both surfaces, presenting the appearance of a dumbbell. Hence, they may
be described as biconcave discs (fig. i). When examined singly by transmitted
light, their colour appears to be of a faint reddish-yellow when derived from
arterial blood, and greenish-yellow in venous blood.
It is to their aggregation
that blood owes its red hue.
Their size varies slightly even in the same drop
of blood, but it may be stated that their average diameter is about ^^0 of
an inch, their thickness about t2^oo' c>r nearly one-quarter of their diameter.
Besides these, especially in some anaemic and diseased conditions, certain
corpuscles are fouiid of a much smaller size (;microcytes), about one-third or
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These, however, are very scarce in normal
red corpuscles in the blood is enormous
between
Power states
4,000,000 and 5,000,000 are contained in a cubic millimetre.
that the red corpuscles of an adult would present an aggregate surface of
about 3,000 square yards. Human blood-discs present no trace of a nucleus.
They consist of two parts a colourless stroma, which is composed largely of
fatty material, lecithin and cholesterine
and a coloured fluid contents, which is
a solution of a substance named licemoglohin. Hamoglohin resembles a proteid
in chemical constitution, but differs from it in containing iron in addition to the
ordinary proteid constituents. It has a great affinity for oxygen, and when removed from the body crystallises readily under certain circumstances. It is readily
soluble in water, and the addition of this fluid to a drop of blood speedily
dissolves out hgemoglobin from the corpuscle.
If the web of a frog's foot is spread out and examined under the microscope,
the blood is seen to flow in a continuous stream through the vessels, and the
corpuscles show no tendency to adhere to each other or to the w^all of the vesselDoubtless the same is the case in the human body
but when drawn and
examined on a slide without reagents, the blood-globules often collect into heaps
Ifee rouleaux of coins (fig. i, c).
During life the red corpuscles may be seen to change their shape under
pressure so as to adapt themselves to some extent to the size of the vessel. They
half the size of the ordinary one.

The number

blood.

of

;

:

;

;

Fig.

.

—Varieties of leucocytes found
in

Fig.

I.

human

blood.

— Coloured corpuscles.
-tsi^'^

'(5b
.

^^,

Seen
6.
from the surface.
United in rouleaux.
c.
e.
water,
spherical
by
d. Rendered
decolorised by the same. /. Crenate
Seen

in

%««:«

profile,

.

or stellate red corpuscles.

Bosinophile cell with coarse granules and
horse-shoe shaped nucleus. 2. Lymphocyte. 3.
Polynuclear or finely granular oxyphile cell. 4.
Hyaline cell, showing nucleus with chromatin
threads and two eentrosomes in clear protoFinely granular leucocyte ; the
plasm.
5.
nucleus is lobed, the granules stain with basic
dyes, such as methylene bhie.

are also highly elastic, for they speedily recover their shape when the pressure
They are soon influenced by the medium in which they are placed,
is removed.
and by the specific gravity of the medium. In water they swell up, lose their
shape, and become globular subsequently the haemoglobin becomes dissolved
out, and the envelope can be barely distinguished as a faint, circular outhne.
Solutions of salt or sugar, denser than the serum, give them a stellate or
and the usual shape may be restored by diluting
•crenated appearance (fig. i /)
the solution to the proper point. The same crenated outline may be produced as
the first effect of the passage of an electric shock; subsequently, if sufficiently
A solution of salt or sugar of the same
strong, the shock ruptures the envelope.
specific gravity as serum merely separates the blood-globules mechanically with;

,

;

out changing their shape.
The white corpuscles {leucocytes) are of various sizes; some are no larger
than the red corpuscles, and some are even smaller, but the majority are rather
larger than the coloured ones in human blood, measuring from about -aoVo *o
-^00 of an inch in diameter (fig. 2). They consist of a minute mass of nucleated
protoplasm, and several varieties are met with in the blood, (i) The most
B 2
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numerous and important are splierical in shape, and are characterised hy a
nucleus, which often consists of two or three parts, connected together by fine
threads of chromatin. The protoplasm is clear and contains a number of very
fine granules, which are only very faintly stained with acid dyes, as eosin (fig. 2,3).
(2) A leucocyte, characterised by the presence of a lobed nucleus and a protoplasm with fine granules which stain with basic dyes, such as methylene blue,
is found constantly in the blood.
These cells are very few in number (fig. 2, 5).
They are
third
variety
comprise
2*4 per cent, of the leucocytes.
A
about
(3)
larger than the previous kind, and are made up of a coarsely granular protoplasm, the granules being highly refracting particles, gi'ouped together around a
single nucleus.
They are deeply stained with eosin, and are therefore often
termed eosinoiyliile cells. The nucleus is reniform or horse-shoe in shape (fig. 2, i).
They are usually about the
(4) The fourth variety is called the hyaline cell.
same size as the eosinophile cell, and when at rest are spherical in shape and
contain a single round or oval nucleus. Their protoplasm is free from granules,
but is not quite transparent, having the appearance of ground glass. About
2 per cent, of the leucocytes consist of this variety (fig. 2, 4).
(5) The fifth
kind of colourless corpuscle is designated the lyvijyhocyte (fig. 2, 2), because it is
identical with the lymphoid cell, which is derived from the lymphatic glands,
the spleen, tonsil, and thymus.
It is of small size, and consists chiefly of a
It is
spheroidal nucleus, with very little surrounding homogeneous protoplasm.
regarded as the immature form of all tlie varieties of corpuscles met with in the
blood.

The following scheme of Gulland illustrates
The numbers refer to those of fig.

each other.

Mitosis

in

Finely granular
basophile leucocyte {5)

(2).

i'

Hyaline

Finely granular

cell

(small)

V

Coarsely granular
basophile cell
(peculiar to lymph).

2.

Lfa'cocytes

Lvniphocvte
'

the relations of the leucocytes to

"^

cell

staining with eosin

(3).

'V

4-

Hyaline

cell (4)

Eosinophile

cell (i).

(large),

The white corpuscles are very various in shape in living blood, because they
have the power of constantly changing it -tliat is to say, they have the power
of sending out finger-shaped or filamentous processes of their own substance,
by which they move and take up granules from the surrounding substance. In
locomotion the corpuscle pushes out a process of its substance a pseiidopodium,
as it is called and then shifts the rest of the body into it (fig. 3).
In the same

—

—

—

FiCt, 3.

— Human colourless blood-corpuscle, showing
within ten minutes

when kept moist on

its successive changes of outline
a warm, stage.
(Schofield.)

way, when any granule or particle comes in its way, it wraps a pseudopodium
round it, and then withdrawing it, lodges the particle in its own substance. By
means of these amoeboid properties they have the power of wandering or
emigrating from the blood-vessels, by penetrating their coats, and thus finding
their

way

into the perivascular spaces.

In addition to these corpuscles, another variety is found in mammalian blood.
These, as stated above, are minute chromocytes. They are pale circular or oval
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about one-quarter or one-third the size of the red blood-corpuscles, and
apparently contain no nucleus. They have been named blood-platelets or bloodplaques, and are supposed by Bizzozero to originate the tibrin-ferment, and to be
especially concerned in the coagulation of the blood.
The white corpuscles originate from lymphoid tissue generally that is to
and the view was
say, from lymphatic glands, the spleen, and adenoid tissue
long maintained that they eventually became developed into red corpuscles but
no observations have ever been made which conclusively prove that this is so,
and this theory must be regarded merely as a supposition.
The red corpuscles during embryonic life are developed from mesoblastic
They are at first nucleated and
cells in the vascular area of the blastoderm.
resemble white corpuscles, except in their colour, and, like them, are possessed
They are succeeded by smaller, non-nucleated corof amoeboid movements.
puscles, having all the characters of adult coloured corpuscles, probably formed
by a conversion of the former into the latter. So that at birth the nucleated red
corpuscles have disappeared. In after life, an important source of the red
corpuscles is the red marrow of bones, in w^hich certain cells found in the marrow
are converted into coloured blood-corpuscles by the loss of their nuclei, and by
A second source of the red
their protoplasm becoming tinged with yello^v.
corpuscles is believed by Hayem to be the blood-platelets, to which he gives the
name of hasmatoblasts. It is probable, also, that the spleen may be a place for
the formation of red corpuscles. This theory, which was formerly universally
believed, and was then discarded for the hypothesis that the spleen was concerned in the destruction of the red corpuscles, has lately been revived by
Bizzozero. The question must still be regarded as sub judice. The chief seats
of the destruction of the red corpuscles in the adult are believed to be the spleen
and the liver. The proportion of white corpuscles appears to vary considerably
in different parts of the circulation, being much larger in the blood of the splenic
vein and hepatic vein than in other parts of the body, while in the splenic artery
they are very scanty.
The liquor sanguinis or plasma is the fluid part of the blood, and is composed
of a permanently fluid portion, the sertmi, and of fibrinogen, which during coagulation becomes converted into or gives rise to fibrin.
There is also another proteid
in the plasma, and also to a small extent in the colourless corpuscles, named
paraglobulin, which, however, is not an essential factor in coagulation.
It can
be obtained l)y diluting the liquor sanguinis with ten times its volume of ice-cold
water, and then transmitting through it a stream of carbon-dioxide. Fibrinogen
may be obtained in the same way as paraglobulin, but the liquor sanguinis must
be still further diluted and the current of carbon-dioxide must pass for a much
longer time.
Fibrin may be obtained by whipping the blood, after it has been
withdrawn from the body, with a bundle of twigs, to which the fibrin, as it
coagulates, adheres.
Fibrin may also be obtained by filtering the freshly drawn
blood of an animal w^hose corpuscles are large, care being taken to retard
coagulation as long as possible. Under these circumstances the corpuscles are
retained on the filter, and the liquor sanguinis, passing through, coagulates and
separates into fibrin, free from corpuscles, and serum.
Fibrin, thus obtained, is a white or buff-coloured substance, presenting a
stringy appearance, and under the microscope exhibiting fibrillation.
When
exposed to the air for some time, it becomes hard, dry, brown, and brittle. It is
a proteid compound, insoluble in hot or cold water, alcohol or ether. Under the
influence of dilute hydrochloric acid it swells up, but does not dissolve but when
thus swollen it is easily dissolved by a solution of pepsin. If heated for a considerable time in a solution of dilute hydrochloric acid, it gradually dissolves.
Serum differs from liquor sanguinis in that it contains no fibrinogen. It is
a straw-coloured fluid, having a specific gravity of i'02 7, with an alkaline reaction.
Upon boiling it becomes solid, on account of the albumen which it contains. It
contains also salts, fatty matters, sugar, and gases.
discs,

—

—

;

;
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Gases of the Blood. When blood is exposed to the vacuum of an air-pump,
about half its volume is given off in the form of gases. These are carbon-dioxide,
oxygen, and nitrogen. The relative quantities in loo volumes of arterial and
venous blood, at o° C. and i m. pressure of mercury, are shown in the accom-

panying table

:

Oxygen

Arterial blood

Venons blood

.

Kitrogen

Cai'boii-dioxidc

6 vols.
6 to ID vols.
1

.

30

vols.

I

35 vols.

I

to 2 vols.
to 2 vols.

Eoughly stated they are as follows Carbon-dioxide about two-thirds of the
whole quantity of gas, oxygen rather less than one-third, nitrogen below onetenth (Huxley). The greater quantity of the oxygen is in loose chemical combination with the haemoglobin of the blood-corpuscles as oxyhaemoglobin, but
some part is simply absorbed, just as it would be by water. The carbondioxide is in a state of chemical combination with the salts of the serum, especially the sodium, with which it is combined partly as a carbonate and partly as a
:

The nitrogen is unimportant. It (or at least the greater part of it)
merely absorbed from the atmosphere under the pressure to which the blood
is exposed, and can therefore be mechanically removed.
Blood-crystals.
Haemoglobin, as stated above, when separated from the
blood-corpuscles, readily undergoes crystallisation.
These crystals, named
Immoglohin crystals, all belong, with the exception of those obtained from the
squirrel, to the rhombic system.
In human blood they are elongated prisms
In the squirrel they are hexagonal plates. Other crystals may be
(fig. 4, a).
bicarbonate.
is

—

Fig.

A.

4.

—Blood-crystals.

Haiinoglobiu crystals from Iriimau blood,
c.

Ha;matoidin

b.

crj-stals

Heemln crystals from blood treated with acetic
from au old apoplectic clot.

acid,

obtained by mixing dried blood with an equal quantity of common salt, and boiling it with a few di'ops of glacial acetic acid. A drop of the mixture placed on.

show the crystals on cooling. These are named hcemtn crystals,,
and consist of small acicular prisms (fig. 4, b). Occasionally in old blood-clots
a third form of crystal is found, the hgematoidin crystal (fig. 4, c).
the slide will

LYMPH AND CHYLE
Lymph

which is conveyed
These vessels take
their rise in nearly all parts of the body, and take up from the worn-out tissuesthat portion which is still available for purposes of nutrition, and return it into
the veins close to the heart, there to be mixed with the mass of the blood. The
greater number of these lymphatics empty themselves into one main duct, the
thoracic duct, which passes along the front of the spine, and opens into one of
the large veins at the root of the neck. The remainder empty themselves into
a smaller duct, which terminates in the corresponding vein on the opposite side
is

by a system

of the neck.

a transparent, colourless, or slightly yellow fluid,

of vessels,

named

lymphatics, into the blood.
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is an opaque, milky-white fluid, absorbed by the villi of the small intesfrom the food, and carried by a set of vessels similar to the lymphatics,
named lacteals, to the commencement of the thoracic duct, where it is intermingled with the lymph and poured into the circulation through the same
channels. It must be borne in mind that these two sets of vessels, lymphatics
and lacteals, though differing in name, are identical in structure, and that the
character of the fluid they convey is different only while digestion is going on.
At other times the lacteals convey a transparent, nearly colourless fluid not to
be distinguished from lymph. Both these sets of vessels, in their passage to the
central duct, pass through certain small glandular bodies, termed lymphatic
glands, where their contents undergo elaboration.
Lymph, as its name implies, is a watery fluid. It closely resembles the liquor
sanguinis, but is more dilute, containing about 5 per cent, of proteids and i per
When examined under the microscope it is found to consist of a
cent, of salts.
clear coloiu'less fluid, in which are floating a number of corpuscles, lymphcorpuscles.
These bodies are identical in structure, and not to be distinguished
from the white blood-corpuscles previously described. They vary in number in
different parts of the lymphatic vessels, and indeed are said by KoUiker to be
absent in the smaller ones. They are always increased in number after the
passage of the lymph through a l5aiiphatic gland, and are said to be increased in

Chyle

tines

size as the fluid

ascends higher in the course of the circulation.

They

are con-

stantly furnishing a fresh supply of white corpuscles to the blood.

Chyle is a milk-white fluid, which exactly resembles lymph in its physical and
chemical properties, except that it has in addition to the other constituents of
lymph an enormous amount of fatty granules, the molecular base of chyle,' and
it is to the presence of these molecules that chyle owes its milky colour.
Under
the microscope it presents a number of corpuscles, named chyle-corpuscles,'
which are indistinguishable from lymph-corpuscles or white blood-cells, and the
molecular base, consisting principally of fatty granules of extreme minuteness
(fig. 5, a), but also of a few small oil-globules.
Lymph and chyle after their passage through ^^^- 5— Chyle^rom the lacteals.
their respective glands, if withdrawn from the
body and allowed to stand, separate more or less
completely into a clear liquid, which is identical
with the serum of the blood, and a thin jellylike clot, consisting of a fibrillated matrix in
which lymph-corpuscles or chyle-corpuscles and
fatty molecules, as the case may be, are entangled.
If the contents of the thoracic duct are
examined, especially after a meal, there may be
found in it corpuscles with a reddish tinge.
These were formerly regarded as immature red
corpuscles, or lymph and chyle corpuscles in
process of transformation into blood-globules.
Mature red corpuscles have also sometimes been found, but these are regarded by
most observers as accidental, i.e. introduced into the lymphatics by the rupture
of some of the small vessels.
'

'

THE ANIMAL CELL
All the tissues and organs of which the body is composed were originally
developed from a microscopic body (the ovum), consisting of a soft gelatinous
granular material enclosed in a membrane, and containing a vesicle, or small
spherical body, inside which are one or more sohd spots (see fig. 75).
This may
be regarded as a perfect cell. Moreover, all the solid tissues can be shown
to consist largely of similar bodies, differing, it is true, in external form, but
essentially similar to an ovum.
These are also cells.
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In the higher organisms all such cells may be delined as nucleated masses
protoplasm of microscopic size.' The two essentials, therefore, of an ani)nal
cell in the higher organisms are, the presence of a soft gelatinous granular
material, similar to that found in the ovum, and which is usually styled proto2)lasm and a small spherical body embedded in it, and termed a nucleus * the
remaining constituents of the ovum, viz. its limiting membiune and the solid spot
contained in the nucleus, called the nucleolus, are not considered essential to the
cell, and in fact many cells exist mthout them.
Protoplasm {sarcode, blastema, germinal matter, oy bioplasm) is a proteid compound, consisting largely of muco-globulin. It also contains certain inorganic
substances, as phosphorus and calcium, which latter appears to be essential to
'

of

;

;

its life

and function.

It

is

of

a

semi-fluid, viscid consistence,

and appears,

sometimes, either as a hyaline substance, homogeneous and clear, or as a granular
substance, consisting of minute molecules embedded in a transparent matrix.
These molecules are regarded as adventitious material taken in from without,
and often probably of a fatty nature, since they are soluble in ether. Under a
high power of the microscope, in most cells, protoplasm appears to consist of a
network or honeycombed reticulum, containing in its meshes a homogeneous
The former of these is known as the spongioplasm, the latter as the
substance.
hyaloplasm. The size and shape of the meshes of the spongioplasm vary in
In many fixed cells, e.g.
different cells and in different parts of the same cell.
epithelial cells, the external layer becomes denser than the rest, and often altered
by the deposition in it of some chemical substance, so as to constitute a membrane which encloses the rest of the protoplasm and forms the cell wall. The
relative amount of spongioplasm and hyaloplasm to each other varies in different
the latter preponderating in the young cell and the former increasing in
cells
amount, at the expense of the hyaloplasm, as the cell grows. Protoplasm is
insoluble in water, coagulates at 130° Fahr., and has a great affinity for certain
staining reagents, as logvv^ood or carmine.
The most striking characteristics of protoplasm are its vital properties of
motion and nutrition. By motion is meant the power which protoplasm has of
changing its shape and position by some internal power in itself, w^hich enables
;

it to thrust out from its main body an irregular process, into which the whole of
the protoplasmic substance is gradually drawn, so that the mass comes to occupy
This, on account of its resemblance to the movements observed
a new position.
in the Amoeba or Proteus animalcule, has been termed
amoeboid movement.'
Ciliary movement, or the vibration of hair-like processes from the surface of any
structure, may also be regarded as a variety of the motion with which protoplasm
is endowed.
Nutrition is the power which protoplasm has of attracting to itself
When any foreign particle
the materials of growth from surrounding matter.
comes in contact with the protoplasmic substance, it becomes incorporated in
it, by being enwrapped by one or more processes projected from the parent
mass which enclose it. When thus taken up, it may remain in the substance
of the protoplasm for some time without change, and finally may be extruded
'

again.

The Nucleus

minute body, embedded in the protoplasm, and usually of a
its size having little relation to the size of the cell.
It is
usually surrounded by a well-defined wall, the nuclear membrane, which encloses
spherical

.or

is

a

oval form,

the nuclear contents. This, known as the nuclear substance, is composed of a
homogeneous amorphous material and a stroma or network.
The former is
probably of the same nature as the hyaloplasm of the cell, but the latter, which

forms also the wall of the nucleus, differs from the spongioplasm of the cell substance.
It is sometimes known as the nucleoplasm, and consists of a network
of fibres or filaments arranged in a reticular manner. These filaments stain very
readily with certain dyes
while the
they are therefore named Chromatin
;

;

In certain lower forms of life, masses of protoplasm without any nucleus have been
described by Huxley and others, as cells.
*

—
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substance does not stain readily, and is hence called Achrojiiatui.
In some resting nuclei the nuclear filaments do not form a network, but
present the appearance of a convoluted skein, similar in appearance to what is
found in a nucleus about to undergo division, and which will be immediately
interstitial

described.

Within the nuclear matrix are one or more highly refracting bodies, termed
membrane by the nuclear filaments. They
by others
are regarded by some as mere local condensations of the nucleoplasm
The
as distinct bodies, differing both in natui'e and chemical composition.
nuclear substance differs chemically from ordinary protoplasm in containing
nuclein, in its power of resisting the action of acids and alkalies, in its imbibing
more intensely the stain of carmine, haematoxylin, &c., and in its remaining
unstained by some reagents which colour ordinary protoplasm as, for
Nucleoli, connected with the nuclear

;

—

example, nitrate of silver.
The process of reproduction of cells commences in the nucleus, and is usually
described as being brought about by indirect or by direct division. Indirect
division or karyokinesis (karyomitosis) has been observed in ail the tissues
generative cells, epithelial tissue, connective tissue, muscular tissue, and nerve
tissue, and it may be that it will hereafter be shown that the division of cells
always takes place in this w^ay, and that the process of reproduction of cells by
dii'ect division is, as is believed by some observers, merely a sort of imperfect or

abnormal karyokinesis.

The process of reproduction by i)idircct division commences in the nucleus,
the stroma of which undergoes complex changes, leading to the division of this
body previous to the cleavage of the protoplasm of the cell. The changes conAt the commencement of the process the nuclear
sist briefly of the following.
network is well developed, but shows only slight indications of activity. The
chromatic fibrils forming the nuclear network, after rearranging themselves,
become thicker, and probably combined in one long filament, which forms a loose
This is called the sjnrem or skein. At the same time a number of
convolution.
achromatic fibrils, arranged in the form of a spindle, appear at a definite point in
the nucleus, towards which the loops of the glomerulus or skein are directed.
This point is knowm as the polar end of the nucleus. From this point the
spindle, which is called the achromatic spindle, moves gradually towards the
centre of the nucleus, where it takes up its position the two extremities of the
;

side

;

known

as the poles of the spindle, reach the limit of the nucleus at either
here they are connected wath a central protoplasmic granule, the polar

spindle,

corpuscle,

and from

this the

achromatic

fibrils of

radiate outwards into the protoplasm of the

cell.

which the spindle

The

line

is

composed

midway between

the

and bisecting at right angles a line connecting the two, is called the
ecpuator.
As the achromatic spindle leaves the polar end of the nucleus in order
to assume its permanent position it carries with it the loops of the chromatic
filaments of the skein, and by the time it has reached the centre of the nucleus these
filaments, which have now become V-shaped, assume a stellate arrangement around
the equator, and form a festooned ring or star in this situation.
This is known as
the mother star or monaster. The chromatic fibrils of which the loops forming the
star are composed now undergo a longitudinal cleavage and become divided into two
poles,

exactly similar, but smaller fibrils. This cleavage or division begins at the apices
of the V-shaped loops and gradually extends along the limbs.
As soon as this

cleavage has taken place, one division of each loop turns to either pole and,
passing along the fibrils of the achromatic spindle, by which they appear to he
guided, converge to either pole of the spindle. The limbs of the loops remain for
some time connected, but afterwards become separated and remain simply
attached to each other by a delicate achromatic fibril. When viewed in the
axis of the spindle, there appear now^ to be two stellate arrangements of the
looped chromatic filaments, one at either pole. These are known as dy aster or
daughter stars, and have been formed by the longitudinal splitting of the loops
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6.

— Karyokinesis

''^^^AiM?!-i!^^BiiMM^Ms:^i^^^'^

SIDE OR EQUATORIAL

'kinesis." F.

or indirect cell-di\ision.

'^'^iiM^f0i§^'

END OR POLAR
VIEW.

VIEW.
BestiJio- nucleus,

:

b.

Daughter

or dispirem, formed,

^ ''^^^^^hicMMM^rlM^i^'

SIDE OR EQUATORIAL
"^'£W.

d. Mother star, aster, astroid. E. Metaclose,
c. Skein or spirem, open.
Daughter skemsstars or dyaster. g. Daughter skeins or dispirem, beginning to form. ii.

Skein or spirem,

i.

Resting daughter nuclei.
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which formed the monaster or single star. The chromatic fibrils now begin to
arrangement in loops, and becoming joined together, present a

lose their regular

convoluted appearance at either extremity of the achromatic spindle constituting
the daughter skein or dispirem. Cleavage of the protoplasm now commences and
continues until it is complete, except where the achromatic threads are found.

By further convolution and contraction the loops of the chromatic fibrils become
fused together and again form a network. The protoplasm is now again in contact
with the nuclear network, which serves to form a wall around the nuclei, and
two daughter cells with nuclei are formed. The remains of the achromatic
threads bridge across the intercellular substance constituting the prickles of
prickle cells.

The diagram on the preceding page, by Professor S. Delepine, is intended to
some of the most important chromatic and achromatic

explain the formation of

cells during karyokinesis (mitosis)
it is based
on the w^ork of Flemming, Strasburger, E. van Beneden, Eabl, O'Hertwig,
Henneguy, &c. A. Besting nucleus. Nucleolus and nuclear membrane visible.

figures observed in nuclei of

;

'

chiefly

A

represented diagrammatically at some distance
of the cell, but such a body is usually very
difficult to recognise in ordinary cells,
b. Skein or spirem (close).
Closely
packed, much convoluted chromatic filaments. Evidence of longitudinal splitting begins to be distinct in several parts.
The polar corpuscle has divided
the nuclear membrane is becoming indistinct.
c. Skein or sjnrevi (open).
Chromatic filaments thicker, less closely packed distinctly arranged in loops
occupying a definite position in relation to the polar area. The polar corpuscles
are widely separated, and the space between them is occupied by the achromatic
spindle.
(Two arrows indicate the position w^hich the polar corpuscles will
ultimately occupy during their passage to these points the achromatic spindle
seems to be within the nucleus.) The nuclear membrane has disappeared.
D. Mother star, aster, astroid.
The nuclear segments (chromosomes) resulting from the breaking-up of the chromatic filament into fragments of nearly
equal length have moved towards the equatorial plane of the spindle, where they
polar corpuscle (centrosome)

is

from the nucleus in the protoplasm

;

;

;

now form an

equatorial plate.

their internal

ends are

sented.

pole

These segments are all split longitudinally, and
The homoeotypic form of division is here repreOne half of each chromosome moves towards one
towards the other pole, being guided and possibly

free.

E. Metakinesis.

and the other half

pulled towards the polar corpuscles by contracting achromatic filaments attached

Daughter stars or dyaster.
a. Daughter skeins or dispirem,
Segments in the form of thick loops not closely packed.
H. Daughter skeins or dispirem, formed.
Segments more closely packed and less
distinct, owing to the formation of anastomoses.
A depression corresponds to the
polar area on each side.
i. Besting
daughter nuclei. Cell completely divided,
but bridges remain betw^een them in the region previously occupied by the achro-

to

them.

beginning

F.

to

form.

matic filaments, these being specially distinct in certain cells (e.g. prickle cells).
The nucleus has a distinct nuclear membrane and a nucleolus.
In the reproduction of cells by direct division the process is brought about
either by segmentation or by gemmation.
In reproduction by segmentation or
fission, the nucleus first splits, by becoming constricted in its centre, and thus
assuming an hour-glass shape. This leads to a cleavage or division of the whole
protoplasmic mass of the cell and thus we find that two new cells have been
formed, consisting of the same substance as the original one, and each containing a nucleus.
These daughter cells are of course at first smaller than the
original mother cell
but they grow, and the process may be repeated in them,
so that multiplication may rapidly take place.
In reproduction by gemmation, a
budding-off or separation of a portion of the nucleus and parent cell takes place,
and, becoming separated, forms a new organism.
;

;

is

The cell-wall, which is not an essential constituent, and in fact is often absent,
merely the external layer of the protoplasm, firmer than the rest of the cell,
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thickened by the deposit in it of certain chemical substances. 1l
forms a flexible, transparent, finely striated membrane, sometimes furnished witli
minute pores, so as to be permeable to fluids.
As far as is known, every animal cell is derived from a pre-existing cell. Tlie
death of cells is accomplished either by their mechanical detachment from tlie
surface, preceded possibly by their bursting and discharging their contents, or by
various forms of degeneration fatty, pigmentary, or calcareous.
and. often

—

EPITHELIUM
All the surfaces of the

body

—the

external surface of the skin, the internal

surface of the digestive, respiratory, and genito-urinary tracts, the closed serous
cavities, the inner coat of the vessels, and the acini and ducts of all secreting and

excreting glands, the ventricles of the brain and the central canal of the spinal

— are

covered by one or more layers of simple cells, called epithelium or
These cells are also present in the sensory and terminal parts of
the organs of special sense, and in some other organs, as the pituitary and thyroid
They serve various purposes, forming in some cases a protective
bodies.
layer, in others acting as an agent in secretion and excretion, and again in
others being concerned in the elaboration of the organs of special sense.
Thus, in the skin, the main purpose served by the epithelium (here called the
cord

epithelial cells.

epidermis)

is

that of protection.

change

of friction or

of

As the surface

temperature

new

is

cells

worn away by the agency
supplied, and thus the

are

and the vessels and nerves wliich it contains, are
In the gastro-intestinal mucous membrane and in the
glands, the epithelial cells appear to be the principal agents in separating the
In other situations
secretion from the blood or from the alimentary fluids.

surface of the

true skin

defended from damage.

and respiratory passages) the chief office of the epitheappears to be to maintain an equable temperature by the moisture
In the serous
with which they keep the surface always slightly luljricated.
cavities they also keep the opposed layers moist, and thus facilitate their
movements on each other. Finally, in all internal parts they ensure a per(as the nose, fauces,

lial

cells

fectly

smooth

surface.

has been a tendency on the part of many histologists
into (1) epithelial
these several epithelial linings into two classes
tissue proper, consisting of nucleated protoplasmic cells, which form continuous
masses on the skin and mucous surfaces and the linings of the ducts and

Of

to

late years there

divide

alveoli of secreting

:

and

exci'eting glands;

and

(2)

eudotheliiim,

which

is

com-

posed of a single layer of flattened transparent squamous cells, joined edge
This is found
to edge in such a manner as to form a membrane of cells.
on the free surfaces of the serous membranes as the lining membrane of the
on the surface of the brain and spinal
heart, blood-vessels, and lymphatics
;

;

and in the anterior chamber of the eye.
True epithelial tissue consists of one or more layers of cells, united
together by an interstitial cement-substance, supported on a basement-membrane,
and is naturally grouped into two classes according as there is a single layer
The various
of cells (simple epithelium) or more than one {stratified epithelium).
kinds of epithelium, whether arranged in a single layer or in more than one
layer, are usually spoken of as squamous or pavement, columnar, spheroidal
or glandular, and ciliated.
The pavement epithelium (fig. 7) is composed of flat nucleated scales of
various shapes, usually polygonal, and varying in size.
These cells fit together
by their edges, like the tiles of a mosaic pavement. The nucleus is generally
flattened, but may be spheroidal.
The flattening depends upon the thinness of
The protoplasm of the cell presents a fine reticulum or honeythe cell.
combed network, which gives to the cell the appearance of granulation. This
cord,

I.
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kind of epithelium, forming a single layer (endothelium), is found lining serous
membranes, blood-vessels, the anterior chamber of the eye, and in some other
situations.

The columnar or cylindrical epithelium (fig. 8) is formed of cylindrical or
rod-shaped cells set together so as to form a complete layer, resembling, when
viewed in profile, a palisade. The cells
have a prismatic figure, more or less
Fig. 7.
Simple paA^ement epithelmm.

—

from mutual pressure, and are
set upright on the surface on which they
Their protoplasm is
supported.
are
always more or less reticulated, which
gives them a granular appearance, and
they contain a nucleus which is oval in
shape and contains an intranuclear net-

flattened

work.
This form of epithelium covers the
mucous membrane of nearly the whole
gastro-intestinal tract and the glands of
that part, the greater part of the urethra, the vas deferens, the prostate,
Cowper's glands, Bartholini's glands, and a portion of the uterine mucous membrane.
Goblet or cJialice cells are a modification of the columnar cell.
They appear
to be formed by an alteration in shape of the columnar epithelium (ciliated or
otherwise) consequent on the secretion into the interior of the cell of mucin, the
chief organic constituent of mucus, which distends the upper part of the ceU,
while the nucleus is pressed down towards its deep part, until the cell bursts and
the mucus is discharged on to the surface of the mucous membrane as shown
in

fig. 9).

The

Fig.

8.

glandular epithelium (fig. 10)
Like other forms of epithelial

sj^heroiclal or

polyhedral

cells.

— Epithelium

of the rabbit.
times.

villi

a.

of the intestinal

Magnified 300

Fig.

9.

— Simple

is

composed

cells,

of circular or

the protoplasm

is

a

columnar epithelium, from the

mucous membrane of the intestine, with gobletpouring out their contents.
Noble Smith.)

(Klein

cells

and

Basement-membrane.

which gives to the cell the appearance of granulation. They are
found in the terminal recesses of secreting glands, and the protoplasm of the

fine reticulum,

cells

usually contains the materials which the cells secrete.
epithehum (fig. 11) may be of any of the preceding forms, but usually

Ciliated

inchnes to the columnar shape. It is distinguished by the presence of minute
processes, which are direct prolongations of the cell-protoplasm, like hairs or
eyelashes (cilia) standing up from the free surface. If the cells are examined
during life or immediately on removal from the living body (for which in the
human subject the removal of a nasal polypus offers a convenient opportunity)
and if the
in a weak solution of salt, the cilia will be seen in lashing motion
cells are separate, they will often be seen to be moved about in the field by this
motion.
The situations in which ciliated epithelium is found in the human body are :
;
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the respiratory tract from the nose downwards to the smallest ramifications of
the hronchial tubes, except a part of the pharynx and the surface of the vocal

Fig.

1 1

.

— Ciliated epithelium

human

— Spheroidal epithelium.

Fig. io.

trachea.

from the
Magnified 350 times.

Magnified 250 times.

n.

Innermost layers of the elastic lon^tudinal fibres.
h. Homogeneous innei-most layers of the
mucous
membrane, i: Deepest round cells, rl. Middle elongated

cords

tympanum and Eustachian

cells,

c.

Superficial cells, bearing cilia.

tube the Fallopian tube and upper portion
the vasa efferentia coni vasculosi
the first part of the excreand the ventricles of the brain and central canal of the
tory duct of the testicle
spinal cord.
Stratified epithelium consists of several layers of cells superimposed one on
the top of the other and varying gi^eatly in shape. The cells of the deepest layer
;

the

of the uterus

;

;

;

;

;

are for the
vertically

most part columnar in form, and as a rule form a single layer, placed
on the supporting membrane above these are several layers of
;

Fig. 12.

—Epithelial

cells

from the oral cavity of man.

Magnified 350 times.

f

a.

Large.

6.

Middle

sized,

c.

The same with two

nuclei.

spheroidal cells, which as they approach the surface become more and more compressed, until the superficial layers are found to consist of flattened scales (fig. 12),
the margins of which overlap one another so as to present an imbricated appearThey here undergo a chemical change from the conversion of their protoance.
plasm into a horny substance.
A variety of squamous epithelium which is found in the deeper layers of
stratified pavement-epithelium has been termed ^nc/i'Ze cells.
These cells possess
short fine fibrils which pass from their margins to those of neighbouring cells,
serving to connect them together.
Since they are not here closely connected
together by cement-substance, but are separated from each other by intercellular
channels, across which these fine fibrils may be seen bridging, this gives to the
cell,

w^hen

isolated,,

the appearance of being covered over with a

number ,of

short

—
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spikes, in consequence of the fibrils being broken through.
They were first
described by Max Schultze and Virchow, and it was beheved by them that
Subsequently this was shown not to be so
the cells were dovetailed together.
by Dr. Martyn, who pointed out that the prickles were attached to each other by
and recently Dr. Del^pine has stated that he believes the prickles
their apices
of prickle cells are parts of fibrils
forming internuclear bundles between
Fig. 13. Transitional epithelium.
the nuclei of the cells of an epithelium in a state of active growth (see
;

—

page II, and fig. 6).
Another form of stratified epithelium is found in what has been
termed transitional epithelium, such
as exists in the ureters and urinary
bladder.
Here the cells of the most
layer

superficial

are

with

cubical,

depressions on their under surfaces, which fit on to the rounded ends of the cells
of the second layer, which are pear-shaped, the apices touching the basementmembrane. Between their tapering points is a third variety of cells, filling in
the intervals between them, and of smaller size than those of the other two
layers

(fig. 13).

CONNECTIVE TISSUES
the term connective tissue we mean a number of tissues which possess
common, viz. that they serve the general purpose in the animal
economy of supporting and connecting the tissues of the frame. These tissues

By

this feature in

may

considerably from each other in external appearance, but they present
many points of relationship, and are moreover developed from the
same embryonal elements. They are divided into three great groups (i) the
fibrous connective tissues, (2) cartilage, and (3) bone.
The fibrous connective tissues. Three principal forms or varieties of fibrous
(i) White fibrous tissue.
connective tissue are recognised
(2) Yellow elastic
They are all composed of a matrix in which cells
tissue.
(3) Areolar tissue.
are embedded, and between the cells are fibres of two kinds, the white and
yellow or elastic. The difference between the three forms of tissue depends on
the relative proportion of the two kinds of fibre, in the first variety enumerated
differ

nevertheless

:

—

:

the white fibre preponderating
in the second variety the yelloio

;

3^'ig.

14.— White fibrous

tissue.

High power.

elastic fibres being greatly in
excess of the white and in the
third form, areolar tissue, the
two being blended in much more
equal proportions.
;

The white
(fig.

14)

fibrous

a true

is

tissue

connecting

structure, and serves three purposes in the animal economy.
It serves to bind bones together
in the form of ligaments, it serves to connect muscles to bones or other structures
in the form of tendons, and it forms an investing or protecting structure to various
organs in the form of membranes. Examples of where it serves this latter office
are to be found in the muscular fascise or sheaths, the periosteum, and peri-

chondrium

the investments of the various glands (such as the tunica albuginea
the capsule of the kidney, &c.), the investing sheath of the nerves
(epineurium), and of various organs, as the penis and the eye (sheath of the
corpora cavernosa and corpus spongiosum and of the sclerotic). But in all these

testis,

;

;
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in mind that the elastic tissue enters in greater or
presents to the naked eye the appearance of silvery wliite
tylistening fibres, covered over w^ith a quantity of loose, flocculent tissue which
hinds the fibres together and carries the blood-vessels. It is not possessed of
any elasticity, and only the very sHghtest extensibility it is exceedingly strong,
so that upon the application of any external violence the bone with which it is

parts the student

must bear

less proportion.

It

;

connected will fracture before the fibrous tissue will give way. When examined
under the microscope it is found to consist of waving bands or bundles of minute,
transparent, homogeneous filaments or fibrillae, held together by an albuminous
In hgaments and tendons these bundles
semi-fluid cement-substance (fig. 15).
run parallel with each other in membranes they intersect one another in different
;

Fi(i. 15.

— Connective tissue.

—

16.
Tendon of mouse's tail, stamed
with logwood, showing chains of cells
between the tendon-bundJes. (From
Quain's 'Anatopy.' E. A. SchJifer.)

Fig.

(Klein

and Noble Smith.)

f«ri|

white fibrous element— a layer of more or
sharply outlined, parallel, wavy bundles of connective-tissue fibrils. On the surface of this layer is
h. a network of fine elastic fibres.

a. Tlio

less

''('mm

The bundles have a tendency to split up longitudinally or send off slips
bundles and receive others in return. The cells occurring in white
They are situated on the surface
fibrous tissue are often called tendon cells.'
of groups of bundles and are quadrangular in shape, arranged in rows in single

places.

to join other

'

file,

each

cell

being separated from

The nucleus

substance.

of the adjoining cell

is

its neighbours by a naiTow' line of cementgenerally situated at one end of the cell, the nucleus

being in close proximity to

acetic acid to white fibrous tissue

guishable mass.

When

gelatin.

Yellow

when

so that

it is

mass

boiled in water

it

— In certain parts

is of

capable of

swells
is

it (fig.

16).

Upon

the addition of

up into a glassy-looking

indistin-

converted almost completely' into

body a tissue is found which
and is possessed of great elasticity
considerable extension, and when the extending force is

elastic tissue.

view^ed in

it

of the

a yellowish coloiir,

withdrawn returns at once to its original condition. This is yelloio elastic tissue^
in which the elastic fibres greatly preponderate, to the almost complete exclusion
It is found in this condition in the ligamenta
of the white fibrous element.
subflava, in the vocal cords, in the longitudinal coat of the trachea and bronchi,
in the inner coats of the blood-vessels, especially the larger arteries, and to a very
considerable extent in the thyro-hyoid, crico-thyroid, and stylo-hyoid ligaments.
When viewed
It is also found in the ligamentum nuchjB of the lower animals.
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(fig. 17) it is seen to consist of an aggregation of curling
with a well-defined outline. They are considerably larger in size than the
fibrillae of the white fibrous element,
and vary much, being from the 34^00 ^^^- 1 7-— Yellow elastic tissue. High power,
to the 4 oVo of ^^ i^^ch in diameter.
The fibres form bold and wide curves,
branch and freely anastomose with

under the microscope

fibres,

each other. They are homogeneous
in appearance, and have a tendency
to curl up, especially at their broken
ends. In some parts where the fibres
are broad and large and the network
close, the tissue presents- the appearance of a membrane, with gaps or
perforations corresponding to the
intervening space. This is to be found
in the inner coat of the arteries, and
it the name of fenestrated membrane has been given by Henle. The
yellow elastic fibres remain unaltered

to

by acetic

acid.

Areolar tissue
its

meshes are

is

so called because

easily distended,

and

thus separated into areolae or spaces,
which all open freely into each other,
and are consequently easily blown
up with air, or permeated by fluid,
when injected into any part of the
Such spaces, however, do
tissue.
not exist in the natural condition of
the body, but the whole tissue forms
one unbroken membrane composed
of a number of interlacing fibres, variously superimposed,
Hence the term the
cellular membrane is in many parts of the body more appropriate than its more
modern equivalent. The chief use of the areolar tissue is to bind parts together
while by the laxity of its fibres, and the permeability of its areolae, it allows them
to move on each other, and affords a ready exit for inflammatory and other
effused fluids.
It i-s one of the most extensively distributed of all the tissues in
the body. It is found beneath the skin, in a continuous layer all over the body,,
connecting it to the subjacent parts. In the same way it is situated beneath
the mucous and serous membranes.
It is also found between muscles, vessels,,
and nerves, forming investing sheaths for them, and connecting them with
surrounding structures. In addition to this, it is found in the interior of organs,,
binding together the various lobes and lobules of the compound glands, the
various coats of the hollow viscera, and the fibres of muscles &c., and thus forms
one of the most important connecting media of the various structures or organs
of which the body is made up.
In many parts the areolae or interspaces of
areolar tissue are occupied by fat-cells, constituting adipose tissue, which will
presently be described.
Areolar tissue presents to the naked eye a flocculent appearance, somewhat
like spun-silk.
When stretched out, it is seen to consist of delicate soft elastic
threads interlacing with each other in every direction, and forming a network of
extreme delicacy. When examined under the microscope it is found to be
composed of white fibres and elastic fibres intercrossing in all directions, and
united together by a homogeneous cement or ground-substance, and filled by
cellular elements, which contain the protoplasm out of which the whole is
developed and regenerated.
'

'

;:

'

C
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These cell-spaces may be brought into view by treating the tissue with nitrah'
and exposing it to the light. Tliis will colour the til)i-es and ground-

of silver,

substance, leaving the cell-spaces unstained.
The cells of areolar tissue (lig. i8) are of three kinds
cells,

Fig.

1

8.— Connective-tissue

corpuscles.
(Klein and Noble Smith.)

:

more

i,

flattened transparent

or less branched, and

united together by thinbranched processes, thus forming
a network in the ground-substance.

often

They

are composed of clear cellsubstance, in which is contained a
large oval nucleus
2, other cells,
instead of presenting a clear cell;

substance, are distinctly granulai',
and to these the term granular celU
These granules, whicli
is applied.
are albuminous in character, like
The otlier two are the
m. Graiiular connective-tissue ceU.
ordinary branched cells, each with an obloug nucleus.

one f Orm of leUCOCyte, Stain dccplv
n
e
With eosm
3, a third class 01
'

.

.

i

i

;

cells are distinguished

are termed i^lcisma

from the other two by containing large vacuoles these
The vacuoles are filled with fluid, and the protoplasm
clear, with occasionally a few scattered granules.
;

cells.

between the spaces is
Vessels and Nerves of Connective Tissue. The blood-vessels of connective tissue
that is to say, there are few actually destined for the tissue itself,
are very few
although many vessels may permeate one of its forms, the areolar tissue, carrying
blood to other structures. In white fibrous tissue the blood-vessels usually run
parallel to the longitudinal bundles and betw^een them, sending transverse communicating branches across, and in some forms, as in the periosteum and
dura mater, being fairly numerous. In yellow elastic tissue, the blood-vessels
Lymphatic vessels are
iilso run between the fibres, and do not penetrate them.
very numerous in most forms of connective tissue, especially in the areolar tissue
beneath the skin and the mucous and serous surfaces. They are also found in
abundance in the sheaths of tendons, as well as in the tendons themselves.
Nerves are to be found in the white fibrous tissue, where they terminate in a
special manner; but it is doubtful whether any nerves terminate in areolar
tissue
at all events, they have not yet been demonstrated, and the tissue is

—

—

;

possessed of very

little sensibility.

—

Development of Connective Tissue. Fibrous connective tissue is developed
from embryonic connective-tissue cells, derived from the mesoblast. At an early
period of development it consists of nucleated cells and a muco-albuminous fluid,
which subsequently becomes a pellucid jelly, and forms the ground-substance.
In this ground-substance the two varieties of fibres become developed. As to
the manner in which they do so there are two theories, some believing that they
are developed from the protoplasm of the cells, others that they are formed by
a deposit in the ground-substance. In the former case the protoplasm of the
cells' is converted wholly into elementary fibres, the nucleus disappearing; or
else the peripheral part of the protoplasm produces the fibrous tissue, the original
cell growing again to its original size, and then throwing off a fresh portion to
form a new fibre, and itself persisting in contact with the fibres it has formed as
a permanent connective-tissue corpuscle.
Yellow elastic fibres are said by some to be formed by the processes of stellate embryonal cells, which, joining with processes of other ceUs, form the elastic fibres.
Three special forms of connective tissue must be described the mucoid, the
lymphoid or retiform, and basement-membranes.
I. The mucoid or gelatinous connective tissue exists chiefly in the 'jelly of
Wharton,' which forms the bulk of the, umbilical cord, but is also found in some
other situations in the foetus, as in the pulp of young teeth, and in certain stages
of the development of connective tissue in various regions.
In the adult, the
:
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formed of the same material. This tissue consists
which branch and become connected so as to form trabeculae,
n which is contained a jelly-like substance, containing the chemical principle of
nucus, or mucin, and in smaller quantities albumen, iDut no gelatin (fig. 19).
Sometimes, as in the vitreous humour of the eye, the cells disappear, and the
^'itreous
Df

nucleated

of the eye is

cells,

only remains.
Retiforn) connective tissue is found extensively in many parts of the
)ody, forming the framework of some organs and entering into the construction

jelly

)f

2.

Fig.

many

Mucoicl or "•elatinous connective tissue.

It is formed of an interlacement or network of
which closely resemble white fibrous tissue, and in certain
may be demonstrated to be

mt;cous meml)ranes.

/ery fine

fibres,

iituations

—

In many places Fig. 20. Eetifonu connective tissue, from
continuous with it.
a lymphatic gland
most of the lymphfattened cells may be seen connected
corpuscles are removed.
(From Klein's
vvith the fibres and partially conceahng
Elements of Histology.')
jhem, presenting an appearance as if
;

'

:he tissue

were formed

of a

network

of

branching and anastomosing cells. This,
however, is not so, as the cells can be
femoved or brushed away, leaving the
fibres intact.
In many situations the
interstices of the fibres are filled with
founded granular corpuscles, and the
tissue is then termed lymphoid or adenoid
tissue (fig. 20).

Basement-membranes, formerly dehomogeneous membranes, are
really a form of connective tissue.
They
3.

scribed as

constitute the supporting

membrane, or

membrana

propria, supporting the epi-

thelium of

mucous membranes

a.

The veticulum.

A

capillary blood-vessel.

or secre-

and in other situations. By means of staining with nitrate of silver
be shown to consist of flattened cells in close apposition, and form
therefore an example of an epithelioid arrangement of connective-tissue cells.
In
some situations the cells, instead of adhering by their edges, give off branching
processes, which join with similar processes of other cells and so form a network,
rather than a continuous membrane.
c 2
ting glands,

they

may

GENERAL ANATOMY
ADIPOSE TISSUE
In almost

all

able quantity

of

parts of the body the ordinary areolar tissue contains a variThe principal situations where it is not found are
fat.

the subcutaneous tissue of the eyelids, the penis and scrotum, the nympha;,
within the cavity of the craniiim, and in the lungs, except near their roots.
Fig. 21.

a.

— Adipose tissue.

High power.

Starlike appearance, from crystallisation of fatty acids

Nevertheless its distribution is not uniform in some parts it is collected inabundance, as in the subcutaneous tissue, especially of the abdomen
around the kidneys on the surface of the heart between the furrows, and in
some other situations. Lastly, fat
Fig. 22. ^Development of fat.
(Klein and
enters largely into the formation
Noble Smith.)
A disof the marrow of bones.
tinction must be made between fat
and adipose tissue the latter beinga distinct tissue, the former an oily
;

great

;

;

;

matter, which in addition to form-.
ing adipose tissue is also widely
present in the body, as in the fat of
the brain and liver, and in the

blood and chyle, &c.
Adipose tissue consists of small
vesicles, fat-cells, lodged in the-

meshes

of areolar tissue.

The fat

vary in size, but are of
about the average diameter of ^-gThey are formed of
of an inch.
an exceedingly delicate protoplasmic membrane, filled with fatty
matter, which is liquid during life,
cells (fig. 2 1)

.

v. Minute \ein.
c. Lupillary blood-vessels in
course of formation they are not yet completely hollowed
out, there being still left in tliem protoplasmic septa, d. The
ground-substance, containing numerous nucleated cells, some
of which are inore distinctly branched and flattened than
others, and appear therefgre more spindle-shaped.

Minute artfvy.

tlie

:

becomes solidified after death.
They are round or spherical where
otherwise they assume a more or less
biit

they have not been subjected to pressure
angular outhne. A nucleus is always present and can be easily demonstrated
by staining with logwood in the natural condition it is so compressed by the
contained oily matter as to be scarcely recognisable. These fat-cells are contained in clusters in the areolae of fine connective tissue, and are held togetherinainly by a network of capillary blood-vessels, which are distributed to them.
;

;
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Fat is an inorganised substance, consisting of a liquid material (glycerine) in
combination with certain fatty acids, stearic, palmitic, and oleic. Sometimes the
acids separate spontaneously before the fat is examined, and are seen under the
microscope in a crystalline form, as in fig. 21, a. By boiling the tissue in ether
or strong alcohol, the fat may be extracted from the vesicle, which is then seen
•empty and shrunken.
Pat is said to be first detected in the human embryo about the fourteenth
week. x\ccording to Klein, the fat-cells are formed by the transformation of the
protoplasmic connective-tissue corpuscles, in which small globules of fat are
deposited, and increase until they distend the corpuscle into the thin mantle of
protoplasm which forms the cell-wall, and in which its nucleus is still to be seen
(fig. 22).
Others of the connective-tissue corpuscles are transformed into the
vessels and the lymphatic tissue which accompanies the vessels.

PIGMENT
In various parts of the body pigment is found most frequently in epithelial
and in the cells of connective tissue. Pigmented epithelial cells are found
forming the external layer of the retina (lig. 23) and on the posterior surface of
;

cells

iris.
Pigment is also found in the epithelial cells of the
-biG. 23.~Pigmentdeeper layers of the cuticle in some parts of the body
such as the areola of the nipple and in coloured patches of
skin and especially in the skin of the coloured races, and
t^
also in hair.
It is also found in the epithelial cells of the
olfactory region, and of the membranous labyrinth of the ear.
In the connective-tissue cells pigment is frequently met
with in the lower vertebrates. In man it is found in the choroid coat of the eye,
and in the iris of all but the light blue eyes and the albino. It is also occasionally
met with in the cells of retiform tissue and in the pia mater of the upper part of
the spinal cord.
These cells are characterised by their larger size and branched
processes, which, as well as the body of the cells, are filled with granules.
The
pigment consists of dark brown or black granules of very small size closely
packed together within the cells, but not invading the nucleus. Occasionally the
pigment is yellow, and when occurring in the cells of the cuticle constitutes

the

—

@ ^

@w^^
Q^^

'

freckles.'

CAETILAGE
Cartilage

body

—in

is

adult

a non-vascular structure
life

which

is

found

in various parts of the

chiefly in the joints, in the parietes of the thorax,

and

in

various tubes, such as the air-passages, nostrils, and ears, which are to be kept
permanently open. In the foetus at an early period the greater part of the
skeleton is cartilaginous.
As this cartilage is afterwards replaced by bone, it is
.

called temporary, in contra-distinction to that

the whole of

life,

and which

is

which remains unossified during

called permanent.

Cartilage is divided, according to
cartilage, fibrous or fibro-cartilage,

its minute structure, into true or hyaline
and yellow or elastic or reticular cartilage.

Besides these varieties met with in the adult

human

subject, there is a variety

which consists entirely, or almost entirely, of cells, united
in some cases by a network of very fine fibres, in other cases apparently destitute
of any intercellular substance.
This is found in the external ear of rats, mice,
and some other animals, and is present in the chorda dorsalis of the human
embryo, but is not found in any other human structure. The various cartilages
in the body are also classified, according to their function and position, into
articular, interarticular, costal, and membraniform.
Hyaline cartilage, which may be taken as the type of this tissue, consists of
& gristly mass of a firm consistence, but of considerable elasticity and of a pearlycalled cellular cartilage,
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Except where it coats the articular ends of bones, it is covered
externally by a fibrous membrane, ihe perichondrium, from the vessels of which
nor have any
it imbibes its nutritive fluids, being destitute of blood-vessels
structure
is
simple.
If a thin slice
very
intimate
Its
it.
into
traced
nerves been
bluish colour.

;

.

found to consist of cells of a rounded
or bluntly angular form, lying in groups of two or more in a granular or almost
homogeneous matrix (tig. 24). The cells, when arranged in groups of two or
more, have generally a straight outline where they are in contact with each othei',

is

examined under the microscope,

it

will be

and
Fia.

24.— Himian

cartilage-cells,

from the

Magnified 350 times.

cricoid cartilage.

in the rest of their circum-

The cellference are rounded.
contents consist of clear translucent protoplasm, containing fine
interlacing filaments and minute
granules, and embedded in this are

one or two round nuclei, having
usually a granular appearance, but

and
being
clear
occupied by one or more nucleoli.

occasionally

The
in

cells are

the

lacimce,
tinct transparent

membrane termed

the

embedded

matrix,

called

cartilage

which are lined by a

Each lacuna

capsule.

in cavities

is

dis-

generally

but during the division of the cells it may contain two,
By boiling the cartilage for some hours and
treating it with concentrated mineral acid, the capsule may be freed from
the matrix and can then he demonstrated as a distinct vesicle containing the cell
By exposure to the action of an electric shock the cell assumes a
or cells.
jagged outline and shrinks away from the interior of the capsule.
The matrix is transparent and apparently without structure, or else presents
Some observers have shown
a dimly granular appearance, like ground glass.
that the matrix of hyaline cartilage, and especially the articular variety, after
prolonged maceration, can be broken up into fine fibrils. These fibrils are probItably of the same nature, chemically, as the white fibres of connective tissue.
is believed by some histologists that the matrix is permeated by a number of fine
channels, which connect the lacunae wath each other, and that these canals communicate with the lymphatics of the perichondrium, and thus the structure is
permeated with a current of nutritious fluid.
Articular cartilage, costal cartilage, and temporary cartilage are all of the

occupied by a single

four,

hyaline variety.
cells

cell,

or eight cartilage -cells.

and

in the

They present minute
arrangement

and shape of their
In articular cartilage, which shows
finely granular under a high power the

differences in the size

of their matrix.

no tendency to ossification, the matrix is
cells and nuclei are small and are disposed parallel to the surface in the superficial part, while nearer to the bone they become vertical.
Articular cartilages
have a tendency to split in a vertical direction, probably from some peculiarity
in the intimate structure or arrangement of the component parts of the matrix.
In disease this tendency to a fibrous splitting becomes very manifest. Articular cartilage is not covered by perichondrium, on its free surface, w4iere it is
exposed to friction, though a layer of connective tissue can be traced in the adult
;

over a small part of its circumference continuous wath that of the synovial membrane, and here the cartilage-cells are more or less branched and pass insensibly
into the branched connective-tissue corpuscles of the synovial membrane.

upon the joint-surfaces of the
enables it to break the force of any concussion, whilst its
smoothness affords ease and freedom of movement. It varies in thickness
according to the shape of the bone on which it lies where this is convex the
and
cartilage is thickest at the centre, where the greatest pressure is received
the reverse is the case on the concave surfaces of the bones. Articular cartilage
Articular cartilage forms a thin incrustation

bones, and

its elasticity

;

;
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appears to imbibe

its
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nutriment partly from the vessels of the neighbouring

membrane, partly from those of the bone upon w^hich it is implanted.
Mr. Toynbee has shown that the minute vessels of the cancellous tissue as they
approach the articular lamella dilate and form arches, and then return into the
synovial

substance of the bone.
In costal cartilage the cells and nuclei are large, and the matrix has a
tendency to fibrous striation, especially in old age (fig. 25). These cartilages
In the
are also very prone to ossify.
Costal cartilage from a man
tliickest parts of the costal cartilages Fig. 25.
seventy-six years of age, showing the
a few large vascular channels may be
development of fibrous structure in the
This appears at first sight
detected.
matrix. In several portions of the specimen
an exception to the statement that
two or three generations of cells are seen
enclosed in a parent cell- wall. High power.
cartilage is a non-vascular tissue, but
is not so really, for the vessels give
>^^s^^
^^
no branches to the cartilage-substance
itself, and the channels may rather be
looked upon as involutions of the perichondrium. The ensiform cartilage
may be regarded as one of the costal
cartilages, and the cartilages of the
nose and of the larynx and trachea
resemble them in microscopical characters, except the epiglottis and cornicula laryngis, which are of the

—

reticular variety.

Temporary cartilage and the process

of its

ossification

will

be de-

scribed with bone.

The hyaline cartilages, especially
and advanced life, are prone to calcify that is to say, to have their matrix
permeated by the salts of lime without any appearance of true bone. The process
of calcification occurs also and still more frequently, according to Eollett, in such
cartilages as those of the trachea, which are prone afterwards to conversion into

—

in adult

true bone.

White fibro-cartilage consists of a mixture of white fibrous tissue and cartilaginous tissue in various proportions it is to the first of these two constituents
that its flexibility and toughness are chiefly owinc and Fig.- 26. White fibro-cartilage from the semilunar disc
Magnified 100 times.
of the patella joint of an ox.
to the latter its elas'ticity.
When examined under the
microscope it is found to be
made up of fibrous connecin
tive
tissue
arranged
bundles, with cartilage-cells
between the bundles these
to a certain extent resemble
tendon-cells, but may be distinguished from them by
being surrounded
by an
investing capsule and by
their being less
flattened
;

—

;

(fig.

26).

The

fibro-cartilages

admit of arrangement into
four groups interarticular, connecting, circumferential, and stratiform.

—

I.

The

interarticular fibro-cartilages {menisci) are flattened fibro-cartilaginous

plates, of a round, oval, triangular, or sickle-like form, interposed

articular cartilages of certain joints.

They

between the

are free on both surfaces, thinner
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towards their centre than at their circumference, and held in position by tlieiimargins and extremities being connected to the smTounding hgaments. Th(_'
synovial membrane of the joint is prolonged over them a short distance from
They are found in the temporo-maxillary, sternotheir attached margins.
These cartilages are
clavicular, acromio-clavicular, wrist and knee joints.
usually found in those joints which are most exposed to violent concussion and
Their use is to maintain the apposition of the
subject to frequent movement.
opposed surfaces in their various motions to increase the depth of the articular
surfaces and give ease to the gliding movement to moderate the effects of great
pressure and deaden the intensity of the shocks to which the parts may be subHumphry has pointed out that these interarticular fibro-cartilages serve
jected.
an important purpose in increasing the variety of movements in a joint. Thus,
in the knee-joint, there are two kinds of motion, viz. angular movement and
rotation, although it is a hinge joint, in which, as a rule,' only one variety of
motion is permitted the former movement takes place between the condyles of
the femur and the interarticular cartilage, the latter between the cartilage and the
head of the tibia. So, also, in the temporo-maxillary joint, the upward and downward movement of opening and shutting the mouth takes place between the
cartilage and the jaw-bone, the grinding movement between the glenoid cavity
and the cartilage, the latter moving with the jaw-bone.
2. The connecting fibro-cartilages are interposed between the bony surfaces
of those joints which admit of only slight mobility, as between the bodies of the
They form discs, which adhere closely
vertebrae and between the pubic bones.
to both of the opposed surfaces, and are composed of concentric rings of fibrous
tissue, with cartilaginous laminae interposed, the former tissue predominating
towards the circumference, the latter towards the centre.
3. The circumferential fibro-cartilages consist of a rim of fibro-cartilage,
which surrounds the inargin of some of the articular cavities, as the cotyloid
cavity of the hip, and the glenoid cavity of the shoulder they serve to deepen
the articular surface, and to protect the edges of the bone.
,4. The stratiform fibro-cartilages are those which form a thin coating to
osseous grooves through which the tendons of certain muscles glide. Small
masses of fibro-cartilages are also developed in the tendons of some muscles,
where they glide over bones,
Fig. 27.— Yellow cartilage, ear of horse. High power,
as in the tendons of the
peroneus longus and the

—

;

;

;

;

tibialis posticus.

Yellow, or reticular, elastic cartilage is

human body
of

the

found in the

in the auricle

external

ear,

the

Eustachian tubes, the cornicula laryngis, and the epiglottis.

It consists of carti-

lage-cells

and a matrix, the

being pervaded in every
direction, except immediately
around each cell, by a network of yellow elastic fibres,
branching and anastomosing
in all directions (fig. 27).
The fibres resemble those of yellow elastic tissue, both
in appearance and in being unaffected by acetic acid
and according to Eollett
their continuity with the elastic fibres of the neighbouring tissue admits of being
demonstrated.
latter

;

The distinguishing
it

yields

'differing

feature of cartilage as to its chemical composition, is that
on boiling a substance called chondrin, very similar to gelatin, but
from it in not being precipitated by tannin. x\ccording to Kuhne there

,
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Virchow believes that the
is a small amount of gelatin in hyaline cartilage.
semilunar discs in the knee-joint are wrongly denominated cartilages, since they
and he appears to regard them as a modification
yield no chondrin on boiling
of a tendinous structure, which, however, agrees with the cartilages in the important particular of being non-vascular.
;

BONE

—

Bone is one of the hardest
possesses also a certain degree of toughness
and elasticity. Its colour, in a fresh state, is of a pinkish white externally, and
deep red within. On examining a section of any bone, it is seen to be composed
of two kinds of tissue, one of which is dense in texture, like ivory, and is termed
compact tissue the other consists of slender fibres and lamellae, which join to
form a reticular structure this, from its resemblance to lattice-work, is called
cancellous.
The compact tissue is always placed on the exterior of the bone the
cancellous is always internal.
The relative quantity of these two kinds of tissue
varies in different bones, and in different parts of the same bone, as strength or
Structure and Physical Properties of Bone.

structures of the animal body

;

it

;

;

;

lightness is requisite.
Close examination of the compact tissue shows it to be
extremely porous, so that the difference in structure between it and the cancellous
tissue depends merely upon the different amount of solid matter, and the size
and number of spaces in each the cavities being small in the compact tissue and
the solid matter between them abundant, whilst in the cancellous tissue the
spaces, are large and the solid matter in smaller quantity.
There is, moreover, no abrupt limit between the two, but the one tissue gradually merges into
;

the other.

permeated by vessels and is enclosed in a fibrous memby means of which many of these vessels reach the hard
tissue.
If the periosteum is stripped from the surface of the living bone small
bleeding points are seen, which mark the entrance of the periosteal vessels
and on section during life, every part of the bone will be seen to exude blood
from the minute vessels which ramify in it. The interior of the bones of the
limbs presents a cylindrical cavity filled with marrow and lined by a highly
vascular areolar structure, called the medullary membrane or internal periosteum
which, however, is rather the areolar envelope of the cells of the marrow, than a
definite membrane.

Bone during

life

is

brane, the periosteum,

;

The periosteum adheres to the surface of the bones in nearly every part,
excepting at their cartilaginous extremities. Where strong tendons or ligaments
are attached to the bone, the periosteum is incorporated with them.
It consists
of two layers closely united together, the outer one formed chiefly of connective
tissue, containing occasionally a few fat-cells
the inner one, of elastic fibres of
the finer kind, forming dense membranous networks, which can be again
separated into several layers. In young bones the periosteum is thick and very
;

and

intimately connected at either end of the bone with the epiphybut less closely with the shaft, from which it is separated by a
layer of soft blastema, containing a number of granular corpuscles or osteoblasts,'

vascular,

is

sial cartilage,

'

which

on the exterior of the young bone. Later in life
the periosteum is thinner, less vascular, and the osteoblasts have become converted into an epithelial layer, which is separated from the rest of the periosteum
in many places by cleft-like spaces, which are supposed to serve for the transmission of lymph. The periosteum serves as a nidus for the ramification of the
vessels previous to their distribution in the bone
hence the liability of bone to
exfoliation or necrosis, when denuded of this membrane by injury or disease.
Fine nerves and lymphatics, which generally accompany the ai"teries, may also
be demonstrated in the periosteum.
in

ossification proceeds

;

The marrow not only fills up the cylindrical cavity in the shafts of the long
bones, but also occupies the spaces of the cancellous tissue and extends into the

—

;
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larger Ijony canals (Haversian canals)

which contain the blood-vessels.

It differs

In the shafts of adult long bones the marrowis of a yelloiv colour, and contains, in loo parts, 96 of fat, i of areolar tissue and
vessels, and 3 of fluid, with extractive matter, and consists of a matrix of retiform connective tissue, supporting numerous blood-vessels and cells, most of
which are fat-cells, but some few are marrow-ceUs.' In the flat and sJiort
bones, in the articvilar ends of the long bones, in the bodies of the vertebryo,
in composition in different bones.

'

in the cranial diploe,

and

in the

sternum and

ribs,

it

is

and

of a red colour,

contains, in 100 parts, 75 of water and 25 of solid matter, consisting of albumen,
The red marrow consists
fibrin, extractive matter, salts, and a mere trace of fat.
of a small quantity of areolar tissue, blood-vessels,
of

which are

and numerous

cells,

some few

but the great majority roundish nucleated cells, the true
Kolliker.
These marrow-cells resemble in appearance the

fat-cells,

marrow-cells of
white corpuscles of the blood, tliougli they are larger and have a relatively
larger nucleus and a clearer protoplasm, but, like them, possess amoeboid movements. Amongst thenj may be seen smaller cells, which possess a slightly
j^inkish hue
and it has been stated by Neumann that they are then in a transitional stage between marrow-cells and red blood-corpuscles, and that one of tlie
principal sources of blood-globules is the marrow of the spongy bones.
Giant-cells {my elo-plaques, osteoclasts), large, multi-nucleated, protoplasmic
masses, are also to be found in both sorts of adult marrow-, but more particularly
in red marrow.
They were believed by Kolliker to be concerned in the absorposteoclasts.
tion of bone-matrix, and hence the name which he gave to them
They excavate small shallow pits or cavities, w^hich are rmuied Howsldp' s lacunce,
in which they are found lying.
Vessels of Bone.
The blood-vessels of l)one are very numerous. Those of
the compact tissue are derived from a close and dense network of vessels ramifying in the periosteum. From this membrane, vessels pass into the minute
orifices in the compact tissue, and run through the canals w^hich traverse its
substance.
The cancellous tissue is supplied in a similar way, but by a less
nvimerous set of larger vessels, which, perforating the outer compact tissue, are
In the long bones,
distributed to the cavities of the spongy portion of the bone.
numerous apertures may be seen at the ends near the articular surfaces, some
but
of which give passage to the arteries of the larger set of vessels referred to
the most numerous and largest apertures are for the veins of the cancellous
tissue, which run separately' fi'om the arteries.
The medullary canal in the
shafts of the long bones is supplied by one large artery (or sometimes more),
which enters the bone at the nutrient foramen (situated in most cases near the
centre of the shaft), and perforates obliquely the compact structure. The medullary or nutrient artery, usually accompanied by one or two veins, sends branches
upwards and downwards, to supply the medullary membrane, which lines the
central cavity and the adjoining canals.
The ramifications of this vessel anastomose with the arteries both of the cancellous and compact tissues.* In most
of the flat, and in many of the short spongy bones, one or more large apertures
are observed, which transmit, to the central parts of the bone, vessels corresponding to the mediallary arteries and veins. The veins emerge from the long
bones in three places (Kolliker) (i) by one or two large veins, which accompany
the artery (2) by numerous large and small veins at the articular extremities
In the flat
(3) by many small veins which arise in the compact substance.
cranial bones the veins are large, very numerous, and run in tortuous canals in
'

;

—

;

—

;

* This view is not, however, entertained by all anatomists.
Mr. Charles Stewart
believes that, in many cases at all events, the vessels of the periosteum supply only the
circumferential lamellae on the surface of tlie shaft of the bone, Avhich are formed from this
membrane, and that the whole of the rest of its structure is supplied by the vessels of the
mediallary membrane, and that only very exceptionally does any anastomosis take place
between the two sets of vessels. Certainly, in one microscopic section which I had an
opportunity of examining, through the kindness of Mr. Stewart, this appeared to be the

-
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the diploic tissue, the sicles of the canals being formed by a tlain lamella of bone,
perforated here and there for the passage of branches from the adjacent cancelli.

The same condition is also found in all cancellous tissue, the veins being
enclosed and supported by osseous structure, and having exceedingly thin coats.
When the bony structure is divided, the vessels remain patulous, and do not
Hence the occurrence of
contract in the canals in which they are contained.
purulent absorption after amputation, in those cases where the stump becomes
inflamed, and the cancellous tissue is infiltrated and bathed in pus.
Lymphatic vessels, in addition to those found in the periosteum, have been
traced, by Cruikshank, into the substance of bone, and Klein describes them as
running in the Haversian canals.
Nerves are distributed freely to the periosteum, and accompany the nutrient
They are said by Kolliker to be most
arteries into the interior of the bone.
nun:ierous in the articular extremities of the long bones, in the vertebrae and
the larger flat bones.
Minute Anatomy. The intimate structure of bone, which in all essential
particulars is identical in the compact and cancellous tissue, is most easily
studied in a transverse section from
Fig. 28.— From a transverse section of the
the compact wall of one of the long
Jiaphysis of the humerus. Magnified 350
bones after maceration, such as is

—

,

shown

m ^ng.
.

tmies.

o
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If this is examined with a rather
low power the bone will be seen to

be mapped out into a number of circular districts
each one of which
:
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layers of bone-tissue arranged con^^'
^^
''fn m
'"
centrically around the central canal,
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and termed lamella. Moreover, on
v^- \ ^"
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closer examination, it will be found
,i^
1*''
thatbetween these lamellae, and therei^'
concentrically
fore also arranged
.!ggr
,/
^^
around the central canal, are a num.„ ,,
t
^
canahcnli la
Lacunse,
with
their
h.
a. Haversian canals,
Lacunre, of the interstithe lamellte of these canals,
ber of little dark specks, the lacunce,
T
tial lamellfe.
d. Others at the surface of the HaversiaM
andT that these lacunas are connected
systems, with canaliculi given off from one side.
with each other and with the central
Haversian canal by a number of fine dark lines, which radiate like the spokes of a
wheel and are called canalimli. All these structiu'es the concentric lamellae, the
lacvmae, and the canaliculi
may be seen in any single Haversian system, forming
Between these circular sysa circular district round a central, Haversian, canal.
tems, filling in the irregular intervals which are left between them, are other lamellae,
with their lacunae and canaliculi, running in various directions, but more or less
curved (fig. 29). These are termed interstitial lamellge. Again, other lamellae,
for the most part found on the surface of the bone, are arranged concentrically
to the circumference of bone, constituting, as it were, a single Haversian system
of the whole bone, of which the medullary cavity would represent the Haversian
canal.
These latter lamellae are termed circumferential, or by some authors
primary ot fundamental lamellae, to distinguish them from those laid down
around the axis of the Haversian canals, which are then termed secondary or
.
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sjiecial lamellas.

The Haversian canals, seen as round holes

in a transverse section of bone at
Haversian system, may be demonstrated to be true
a longitudinal section is made, as in fig. 31.
It will then be seen that

or about the centre of each
canals,

if
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these round holes are tubes cut across, which run parallel witli the longitudinal
axis of the bone for a short distance, and then branch and communicate.
They

vary considerably in size, some being as large as oinr oi an inch in diameter the
average size being, however, about ^i^-, of an inch. Near the medullary cavity
;

Fig. 29.

— Transverse section of compact tissue of bone.
about

1

50 diameters.

(Sharpey.)

the canals are larger
Magnified

than those near the
surface of the bone.

Each

canal, as a rule,

contains two bloodvessels,
a
small
artery and vein the
;

larger ones also contain a small quantity
of

delicate

tive

connecwith

tissue,

branched

cells, the
processes of which
communicate with

the
-^:

branched

cesses

of

pro-

certain

bone-cells in the sub-

stance of the bone.
Those canals near
the surface of the

bone open upon it
and those near the medullary cavity open in the same way
into this space, so that the whole of the bone is permeated by a system of bloodvessels running through the bony canals in the centre of the Haversian systems.
The lamellcE. are thin plates of bone-tissue encircling the central canal, and
might be compared, for the sake of illustration, to a number of sheets of paper
pasted one over another arotind a central hollow cylinder. After macerating a
piece of bone in dilute mineral acid, these lamellse may be stripped off in a longitudinal direction as thin films.
If one of these is examined with a high power
under the, microscope it will be found to be composed of a finely reticular structure, presenting the appearanqe of lattice-work made up of very slender, transparent fibres, decussating obliquely, and
by minute

orifices,

— Nucleated

bone-cells and
in tlie
bone-lacunae and their canaliculi respectively.
From a section through
the vertebra of an adult mouse.
(Klein and Noble Smith.)

Fig.

30.

their

processes,

contained

coalescing at the points of intersection so
as to form an exceedingly delicate network.

In many places the various lamellae may
be seen to be held together by tapering
fibres, which run obliquely through them,
pinning or bolting them together. These
fibres were first described by Sharpey, and

were named by him 'perforating fibres.
The lacunce, are situated between the
lamellae, and consist of a number of oblong
spaces. In an ordinary microscopic section,
viewed by transmitted light, they appear
as dark, oblong, opaque spots, and were
formerly believed to be solid cells. Subsewhen it was seen that the Haversian canals were channels which lodge the
vessels of the part, and the canaliculi
minute tubes by which the plasma of the
blood circulates through the tissue, it was
taught that the lacunae were hollow spaces filled during life with the same fluid,
and only lined (if lined at all) by a delicate membrane. But this view appears
quently,
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of the structure of bone,

when

recent, led

Virchow

to believe that the lacunae are occupied during life by a nucleated cell, the processes from which pass down the canaliculi a view which is now universally

—

received

(fig.

30).

It

is

by means

of these cells that the fluids necessary for

nutrition are brought into contact with the ultimate tissue of bone.

The canaliculi are exceedingly minute channels, which pass across the lamellae
and connect the lacunae with neighbouring lacunae and also with the Haversian
From this central canal a number of the canaliculi are given off, which
canal.
I'adiate from it, and open into the first set of lacunae arranged around the HaverFrom these lacunge a second
sian canal, between the first and second lamellae.
set of canaliculi are given off, which pass outw^ards to the next series of lacunae,
and so on until they reach the periphery of the Haversian system here the
canaliculi given off from the last series of lacunae do not communicate with the
lacunae of neighbouring Haversian systems, but after passing outwards for a
Thus every part of
short distance form loops and return to their own lacuna.
an Haversian system is supplied with nutrient fluids derived from the vessels in
the Haversian canal and traversing the canaliculi and lacunae.
The bone-cells are contained in the lacunae, which, however, they do not
completely fill. They are flattened nucleated cells, which Virchow has shown
The cells are branched, and the
are homologous with those of connective tissue.
branches, especially in young bones, pass into the canaliculi from the lacunae.
If a longitudinal section is examined, as in fig. 31, the structure is seen to be
The appearance of concentric rings is replaced by that of lamellae or
the same.
rows of lacunae, parallel to the course of
Section parallel to the surface
Fict. 3
the Haversian canals, and these canals
from the shaft of the femur. Magniappear like half-tubes instead of circular
fied 100 times.
The tubes are seen to branch
spaces.
and communicate, so that each separate
Haversian canal runs only a short distance.
In other respects the structure has much
the same appearance as in transverse sec;

1

.

—

tions.

In sections of thin plates of bone (as
which form the
cancellous tissue) the Haversian canals
are absent and the canaliculi open into the
spaces of the cancellous tissue (medullary

in the walls of the cells

Fig. 32.

— Section

moval

of bone after the reof the earthy matter by the action

of acids.

.

Havei-sian canals, h. Lacuna seen from the side.
c. Others seen fi-oni tlie surface in lamella which
are cut horizontallv.

which thus have the same function as the Haversian canals in the more
compact bone.
Chemical Composition. Bone consists of an animal and an earthy part
intimately combined together.
The animal part may be obtained by immersing the bone for a considerable
spaces),

—

—
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time in dilute mineral acid, after which process the bone conies out exactly the
same shape as before, but perfectly flexible, so that a long bone (one of the ribs,
If now a transverse section is made
for example) can easily be tied in a knot.
the same general arrangement of the Haversian canals, lamellie,
(fig. 32)
lacunae, and canaliculi is seen, though not so plainly as in the ordinary section.
The earthy part may be obtained separate by calcination, by which the
animal matter is completely burnt out. The bone will still retain its original
form, but it will be white and brittle, will have lost about one-third of its original
weight, and will crumble down with the slightest force.
The earthy matter
confers on bone its hardness and rigidity, and the animal matter its tenacity.
The animal base is often called cartilage, but differs from it in structure, in
the fact that it is softer and more flexible, and that when boiled wdth a high
pressure it is almost entirely resolved into gelatin.
The organic constituent of bone forms about one-third, or 33-3 per cent. the
inorganic matter, tivo-thirds, or 66-7 per cent.
as is seen in the subjoined
analysis of Berzelius
.

;

;

:

Organic matter

.

.

Gelatin and blood-vessels
Phosphate of lime
Carbonate of lime
Fluoride of calcium
Phosphate of magnesia
\ Soda and chloride of sodiiuu
.

/

Inorganic

'

or

-

Earthy matter

.

.
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Some chemists add
Some difference

to this

about

x

per cent, of

fat.

between the two constituents of bone
In the child the animal matter predominates, whereas
at different periods of life.
in aged people the bones contain a larger proportion of earthy matter, and the
animal matter is deficient in quantity and quality. Hence in children it is not
uncommon to find, after an injury to the bones, that they become bent or only
partially broken, w^hereas in old people the bones are more brittle and fracture
Some of the diseases, also, to which bones are liable
takes place more readily.
mainly depend on the disproportion between the two constituents of bone. Thus
in the disease called rickets, so common in the children of the poor, the bones
become bent and curved, either from the superincumbent weight of the body, or
under the action of certain muscles. This depends upon some defect of nutrition
by which bone becomes deprived of its normal proportion of earthy matter, whilst
the animal matter is of unhealthy quality. In the vertebrae of a rickety subject,
Dr. Bostock found in 100 parts 7975 animal and 20" 2 5 earthy matter.
Development of Bone. In the foetal skeleton some bones, such as the long
bones of the limbs, are cartilaginous others, as the cranial bones, are membranous.
Hence two kinds of ossification are described the intracartilaginous and the
and to these a third is sometimes added, the subperiostecU
intramevibrcmous
this, however, is the same as the second, only taking place under different
exists in the proportion

—

;

:

;

;

circumstances.
Intracartilaginous Ossification. Just before ossification begins the bone is
entirely cartilaginous, and in a long bone, which may be taken as an example,
the process commences in the centre and proceeds .towards the extremities,
which for some time remain cartilaginous. Subsequently a similar process
commences in one or more places in those extremities and gradually extends
through it. The extremity does not, how^ever, become joined to the shaft of the
bone until growth has ceased, but remains separated by a layer of cartilaginous

—

tissue

termed epiphysial

The

first

cartilage.

step in the ossification of the cartilage

is

that the cartilage-cells, at

the point where ossification is commencing and which is termed a centre of
The matrix in
ossification, enlarge and arrange themselves in rows (fig. 33).
which they are embedded increases in quantity, so that the cells become further
A deposit of calcareous material now takes place in
^separated from each other.

DEVELOPMENT OF BONE
this matrix, between the rows of cells, so that they become separated from each
other by longitudinal columns of calcified matrix, presenting a granular and
opaque appearance. Here and there the matrix between two cells of the same

row

also

becomes

calcified,

and thus we have transverse bars of calcified subcolumn to another. Thus we have

stance stretching across from one calcareous

longitudinal groups of the cartilage-cells enclosed in oblong cavities, the walls
These cavities are called the 'pi'^inary
of which are formed of calcified matrix.
areolce (Sharpey).

this process is going on in the centre of the cartilage of
bone consists, certain changes are taking place on its surface.
This is covered by a very vascular membrane, the perichondrium, on the inner
surface of which, that is to say, on the surface in contact with the cartilage, are a
number of cells called osteoblasts. By the agency of these cells a thin layer of bony
x\t

the

which the

Fig.

same time that
foetal

-Longitudinal section through the ossifying portion of a long bone
in the hunaan embryo.

lull.

h. RL'gioii

of calcified matrix.

is being formed between the perichondrium and the cartilage, by the
Intramembranous mode of ossification presently to be described. We have then,
in this first stage of ossification, two processes going on simultaneously
in the
centre of the cartilage the formation of a number of oblong spaces, formed of
calcified matrix and containing the cartilage-cells enlarged and arranged in groups,
and on the surface of the cartilage the formation of a layer of true membranebone.
The second stage consists in the prolongation into the cartilage of processes
of the deeper or osteogenetic layer of the perichondrium, which has now become
periosteum (fig. 34, ir). The processes consist of blood-vessels and cells (osteoblasts).
They excavate passages through the new-formed bony layer by
absorption, and pass through it into the calcified matrix (fig. 34).
Wherever

tissue

:
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these processes come in contact with the calcified walls of the primary areolae
they absorb it, and thus cause a fusion of the original cavities and the formation
of larger spaces, which are termed the secondary areolcB (Sharpey) or medullary
In these secondary spaces the original cartilage-cells disspaces (Miiller).
appear, and their cavities liecome filled with embryonic marrow, consisting of
osteoblasts and vessels, and derived, at all events in part, in the manner
described above, from the osteogenetic layer of the periosteum (fig. 35).
What becomes of the cartilage-cells is not finally determined. By most
histologists they are

Fig. 34.

beheved

to be converted, after division, into osteoblasts.

— Section of f(ttal bone of cat.

—

Fig. 35. Part of a longitudinal section
of the developing femur of a rabbit.

^'^^yQ?^

S/,|

a.

Flattened

<t

cartilage-cells,
h. Enlarged care. Osc, d. Kewly formed bone.
/. Griant-cells or osteoclasts, g, h.
cartilage-cells. (From ' Atlas of

tilagp-cells.

teoblasts.

Irruption of the subperiosteal tissue, i^. Fibrous layer of
the periosteum, o. Layer of osteoblasts, im. Subperiosteal
bony deposit. (From Qiiain's Anatomy,' E. A. Sehafer.)

Shrunken

Histology,' Klein

aud Xoble Smith.J

'

and

so assist in forming the

embryonic marrow. Others, on the other hand,,
and take no part in the formation of bone.

believe that they are simply absorbed

Thus far, then, we have got enlarged spaces (secondary areolae), the walls of
which are still formed by calcified cartilage-matrix, containing an embryonic-marrow, derived from the processes sent in from the osteogenetic layer of theperiosteum, and consisting of blood-vessels and round cells, osteoblasts (fig. 35),
some of which probably are derived from the division of the original cartilagecells, which have disappeared.
The walls of these secondary areolae are at this
time of only inconsiderable thickness, but they now become thickened by the^
deposition of layers of new bone on their interior.
This process takes place in
Some of the osteoblasts of the embryonic marrow, after
the following manner.
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undergoing rapid division, arrange themselves as an epithelioid layer on the
This layer of osteoblasts forms a bony
(tig. 36).
stratum, and thus the wall of the space becomes gradually covered with a layer
On this a second layer of osteoblasts arrange themof true osseous substance.
By the repetition of this process
selves, and in their turn form an osseous layer.
the original cavity becomes very much reduced in size, and at last only remains
as a small circular hole in the centre, containing the remains of the embryonic
marrow that is, a blood-vessel and a few osteoblasts. This small cavity constitutes the Haversian canal of the perfectly ossified bone.
The successive
layers of osseous matter which have been laid down and which encircle this
central canal, constitute the lamellae of which, as we have seen, each Haversian
system is made up. As the succesFig.
36.
Transverse section from the
sive layers of osteoljlasts form osseous
femur of a human embryo about eleven
tissue, certain of the osteoblastic cells
weeks old.
remain included between the various
bony layers. These continue persistent and remain as the corpuscles of
surface of the wall of the space

—

—

the future bone, the spaces enclosing

them forming the lacunae (fig. 36).
The mode of the formation of the
canaliculi is not known.
Such are the changes which may
be observed at one particular point,
the centre of ossification. While they
have been going on here a similar

process has been proceeding in the
same manner towards the end of the
shaft, so that in the ossifying bone
all the changes described above may
be seen in different parts, from the
true bone in the centre of the shaft
to the hyaline cartilage at the extremities.
The bone thus formed
differs from the bone of the adult in
being more spongy and less regularly
lamellated.

I.

A.

medullary siuus cut transversely

longitudinally,

c.

Osteoblasts,

d.

;

and

6,

another

Newly formed osseous

Thus far, then, we have followed
substance of a lighter colour, c. That of greater age.
/. Lacunae with their cells, g. A cell still united to an
the steps of a process by which a
osteoblast.
solid bony mass is produced, having
vessels running into it from the periosteum. Haversian canals in which those
run, medullary spaces filled with foetal marrow, lacunge Avith their
contained bone-cells, and eanalicuh growing put of these lacunae.
This process of ossification, however, is not the origin of the whole of the
skeleton, for even in those bones in which, the ossification proceeds in a great
measure from a single centre, situated in the cartilaginous shaft of a long
vessels

bone, a considerable part of the original bone is formed by intramembranous ossification beneath the perichondrium or periosteum so that the
girth of the bone is increased by bony deposit from the deeper layer of this
membrane. The shaft of the bone is at first solid, but a tube is hollowed
out in it by absorption around the vessels passing into it, which becomes
the medullary canal.
This absorption is supposed to be brought about by
large giant-cells,' which have long been recognised as a constituent of foetal
marrow, and which are believed by Kolliker to have the power of absorbing
or dissolving bone, and he has therefore named them 'osteoclasts' (fig. 35,/)They vary in shape and size, and are known by containing a large number of
The occurrence of similar cells in
clear nuclei, sometimes as many as twenty.
some tumours of bones has led to such tumours being denominated myeloid.'
;

'

'

D
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As more and more bone is removed ])y this process of absorption Iron)
the interior of the bone to form the medullary canal, so more and more bone
is
deposited on the exterior from tlie periosteum, until at length it has
attained the shape and size which it is destined to retain during adult life.
As the

—

Fig. 37. Vertical section from
the edge of the ossifying portion
of the diaphysis of a metatarsal
bone from a foetal calf. (After
Miiller.)

ossification

of

the

cartilaginous

sliaft

extends towards the articular ends it carries with
it, as it were, a layer of cartilage, or the cartilage
grows as it ossifies, and thus the bone is increased in length. During this period of gro^^th
the articular end, or epiphysis, remains for some
time entirely cartilaginous, then a bony centre
appears in it, and it commences the same probut this
cess of intracartilaginous ossification
process never extends to any great distance.
The epiphyses remain separated from the shaft
;

])y

a

time.

narrow cartilaginous layer
This layer ultimately

for a definite

ossifies,

the distinc-

between shaft and epiphysis is obliterated,
and the bone assumes its completed form and
The same remarks also apply to the
shape.
processes of bone which are separately ossified,
such as the trochanters of the femur.
The
bones, having been formed, continue to grow
until the body has acquired its full stature.
They increase in length by ossification continuing to extend in the epiphysial cartilage, which
goes on growing in advance of the ossifying proThey increase in circumference by depocess.
sition of new bone, from the deeper layer of the
periosteum, on their external surface, and at the
same time an absorption takes place from within,
by which the medullary cavity is increased.
The medullary spaces which characterise the
cancellous tissue are produced by the absorption
of the original foetal bone in the same way as
The
the original medullary canal is formed.
distinction between the cancellous and compact
tissue appears to depend essentially upon the
extent to which this process of absorption has
^
,
been carried and we may perhaps remmd the
reader that in morbid states of the bone inflammatory absorption produces exactly the same
change, and converts portions of bone, naturally
tion

^i.

Ground-mass of the cartuage. 6. Of the
bone. c. Newly formed " bone-cells in proflle.more or less embedded in intercellular
substance, d. Medullary canal in process
of formation, with vessels and medullary
cells,
e, /. Bone-ceUs on their broad aspect.
(J. Cartilage-capsules aiTanged in rows, ami
partlj'

with shrunken cell-bodies.

,

.

,

-,

.

;

compact, into cancellous tissue.

—

Intramembranous Ossification. The intramembranous ossification is that by
which the bones of the vertex of the skull are entirely formed. In the bones
which are so developed, no cartilaginous mould precedes the appearance of
the bone-tissue. In the membrane which occupies the place of the future
bone, a little network of bony spiculse is first noticed, radiating from the
point of ossification.
When these rays of growing bone are examined by the
microscope, they are found to consist of a network of fine clear fibres and
granular corpuscles, with a ground-substance between. The fibres are termed
osteogenic fibres, and soon become dark and granular from calcification, and
as they calcify they are found to enclose the granular corpuscles or
osteo'

blasts

'

(fig.

38).

The

calcification not only involves the osteogenic fibres, but

also the ground-substance of

corpuscles at

first lie

the tissue in

upon the osteogenic

which they are contained. The
so that the}^ can be removed

fibres,

^

^
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by brushing the specimen with a hair-pencil, in order to render the fibres
but they gradually become involved in the ossifying matrix, and form
clear
the corpuscles of the future bone, the spaces in which they are enclosed
As the tissue increases in thickness, vessels shoot into
constituting the lacunas.
grooving for themselves spaces or
it,
Fig. 38.— Osteoblasts from the parietal
channels, which become the Haversian
thirteen weeks
canals. Thus, the intramembranous and
^T^
A^T''''
^'l^''^''
old.
(After
G-egenbaner.)
„
,..
.,,
mtracartilagmous processes 01 ossitica;

f

.

m

tion are smiilar

their

more

essential

The number

of

centres

ossific

is

different in different bones.

In most of

the short bones ossification

commences

^-

\

^

of ossification for the shaft or

^

to

ses

for

diaphysis

:

reverse order to that in

which

•''

3£^

^
^-«

i^-a
8^

l

V

'

_*

^
„.

Bony septa with the cells of tlie
' '^'^"' ^'"*'' '"

—'S. —

/

'a'V

for the shaft is the first

The union of the epiphywith the shaft takes place in the

t

ti»vjp,

—

->'*-£.

each extremity, the

appear.

fication began,

.'^

—

^

-~^

^*^

by a single point in the centre, and proceeds towards the circumference.
In
the long bones there is a central point
and one or more
epiphysis.
That

»

.

features.

lacuna3.
*''""'^'''"

corpuscles!''*''

Layers

!j.

^

''""'

their ossi-

and appears

to be regulated by the direction of the nutrient
Thus, the nutrient arteries of the bones of the arm and
fore-arm are directed towards the elbow, and the epiphyses of the bones form-

artery of the bone.

ing this joint

become united

to the shaft before those at the opposite extremity.

In the lower limb, on the other hand, the nutrient arteries pass in a direction from
the knee that is, upwards in the femur, downwards in the tibia and fibula
and
in them it is observed that the upper epiphysis of the femur, and the lower epi:

;

physis of the tibia and fibula, become first united to the shaft.
Where there is only one epiphysis, the medullary artery is directed towards
that end of the bone where there is no additional centre
as towards the
acromial end of the clavicle, towards the distal end of the metacarpal bone of
the thumb and great toe, and towards the proximal end of the other metacarpal
and metatarsal bones.
Besides these epiphyses for the articular ends, there are others for projecting
parts or processes, which are formed separately from the bulk of the bone.
For
an account of these, the reader must be referred to the description of the individual bones in the sequel.
A knowledge of the exact periods when the epiphyses liecome joined to the
shaft is often of great importance in medico-legal inquiries.
It also aids the
surgeon in the diagnosis of many of the injuries to which the joints are liable
;

;

not infrequently happens that, on the application of severe force to a joint,
the epiphysis becomes separated from the shaft, and such injuries may be

for

it

mistaken for fracture or dislocation.
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The muscles are formed

of bundles of reddish fibres, endowed with the property
kinds of muscular tissue are found in the body, viz. that
of voluntary or animal life, and that of involuntary or oi'ganic life.
The former
of these, from the characteristic appearances which their fibres exhibit under the
microscope, are known as the
striped muscles, and from the fact that they
are capable of being put into action and controlled by the will, as the voluntary
muscles. The fibres of the latter do not present any cross-striped appearance,
and for the most part are not under the control of the will hence they are known
as the unstriped or involuntary muscles.
The muscular fibres of the heart
of contractility.

Two

'

'

'

'

;

'

'

'

'
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in certain particulars from both these groups, and they are tlierefore
separately described as cardiac muscular fibres.
The striped or voluntary muscles are composed of bundles of fibres enclosed
in a delicate web called the 'internal perimysium,' in contradistinction to the
sheath of areolar tissue which invests the entire muscle, the epimysium or
they are prismatic
The bundles are termed fasciculi
external perimysium.'

differ

'

'

'

'

'

'

'

;

shape, of different sizes in different muscles, and for the most part placed
one another, though they have a tendency to converge towards their
tendinous attachments. Each fasciculus is made
Transverse section
Fkt.
39.
up of a bundle of fibres, which also run parallel
from the sterno-mastoid in
with each other, and which are separated from
times.
Magnified
man.
50
one another by a delicate connective tissue de-

in

parallel to

—

rived from the perimysium, and termed e)ido)ii]/This does not form the sheath of
s ill in (fig. 39).
the fibres, but serves to support the blood-vessels

and nerves ramifying between them. The fibres
are enclosed in a separate and distinct sheath of
their own, but it is not areolar tissue and is therefore not derived from the perimysium.
A muscular fibre may be said to consist of a
substance enclosed in a tubular
the sarcolemma. The
fibres are cylindrical or prismatic in shape, and
ai'e of no great length, not exceeding, it is said,
6. Fasciculn;
u. External perimysium.
an inch and a half.
They end either by
d.
perimysium,
Fibre.
Internal
blending with the tendon or aponeurosis, or
else l)y becoming drawn out into a tapering extremity which is connected
to the neighbouring fibre by means of the sarcolemma.
Their breadth varies
in man from ^^ to ^^ of an inch, the average of the majority being about
^Jjy,.
As a rule, the fibres do not divide or anastomose
but occasionally,
especially in the tongue and facial muscles, the fibres may be seen to divide into
several liranches.
The precise mode in which the muscular fibre joins the
tendon has been variously described by different observers. It may, perhaps,
be sufficient to say that the sarcolemma, or membranous investment of the
muscular fibre, aj)pears to become blended with a small bundle of fibres, into
which the tendon becomes subdivided, while the muscular substance terminates
abruptly and can be readily made to retract from the point of junction. The
ai'eolar tissue between the fibres appears to be prolonged more or less into the
tendon, so as to form a kind of sheath around the tendon bundles for a longer or
shorter distance.
When muscular fibres are attached to the skin or mucous
membranes, their fibres are described by Hyde Salter as becoming continuouswith those of the areolar tissue.
The sarcolemma, or tubular sheath of the fibre, is a transparent, elastic, and
apparently homogeneous membrane of considerable toughness, so that it will
sometimes remain entire when the included substance is ruptured (see fig. 40)..
On the internal surface of the sarcolemma in mammalia, and also in the
substance of the fibre in the lower animals, elongated nuclei are seen (fig. 57),
and in connection with these a row of granules, apparently fatty, is sometimes
soft contractile

sheath,

named by Bowman

c.

;

observed.

Upon examination of a muscular fibre by transmitted light under a sufficiently
high power, it is found to be apparently marked by alternate light and dark
bands or striae, which pass transversely, or somewhat obliquely, round the
fibre (tig. 40).
The dark and light bands are of nearly equal breadth, and
alternate with great regularity.
They vary in breadth from about the x^tut ^cv
the ttVo o^ ^^ inch.
Other striae pass longitudinally over the fibres, though
they are less distinct than the former. This longitudinal striation gives the fibre
the appearance of being made up of a bundle of fibrillae.
The muscular fibre can
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he broken up

either

in

a

longitudinal or

37

transverse

direction

(fig.

41).

If

can be broken up longitudinally, and forms the so-called
Bach fibril is marked
fibrillae of which some suppose the fibre to be made up.
by transverse striae, and appears to consist of a single row of minute quadrangular
A still further division, howparticles, named sarcous elements by Bowman.
ever, is capable of being made, and each of these fibrillae may be divided into
minute threads (fig. 42, B, h), consisting of an alternate dark and light spot. After
exposure to the action of dilute hydrochloric acid, the muscular fibre can be
broken transversely (fig. 41, B). It then forms discs or plates, consisting of the
same quadrangular particles, attached by their lateral surfaces.
Upon closer examination with a very high power the appearances become
more complicated and are susceptible of various interpretations. The transverse
striation, which in figs. 40 and 41 appears as a mere alternation of dark and light
bands, is resolved into the appearance shown in fig. 42, which shows a series of
broad dark bands, separated by a light band, which is itself divided into two by a

hardened

in alcohol,

it

'

'

—

Fig. 40.
Two hiuuaii muscular fibres. Magnified 350
times.

Fig.

41.

fibres,

tions.

— Fragments

of striped elementary
showing a cleavage in opposite direc-

Magnified soo diameters.

Tlie longitudinal and transverse
A. Longitudinal (deavag'e.
Unes are both seen. Some longitudinal lines are darker and

wider than the rest, and are not continuous from end to
end. This results from partial separation of the fibrillee.
e. FibriUfe separated from one another by -violence at the
broken end of the fibre, and marked by transverse lines
equal in -width to those on the fibre, c' c" represent t-wo
appearances commonly presented by the separated single
magnified). A.t c' the borders and
fibrillfe (more higWy

In

transverse lines are all perfectly rectilinear, and the included
spaces perfectly rectangular. At c" the borders are scalloped
and the spaces bead-like. When most distinct and definite
the fibrilla presents the former of tliese appearances.
The longitudinal lines are scarcely
B. Transverse cleavage.
a. Incomplete fracture following the opposite survisible,
which
stretches across the interval, and
disc,
a
faces of
retains the two fragments in connection. The edge and
seen to be minutely granular, the
disc
are
of
this
surfaces
granules corresponding in size to the tliickness of the disc,
the faint longitudinal lines.
between
distance
and to the
Another disc nearly detached. 6'. Detached disc, more
b.
elements.
sho-ning
the
sarcous
highly magnified,

tlie one, the buudle of fibrillse (6)
toru, tiud the sarcolemma (a) is
seen as au empty tube.

is

dark streak. This streak is termed Krause's membrane it is continuous at each
end with the sarcolemma investing the muscular fibre. Thus it may be said that
the fibre is divided into a number of transverse compartments by this membrane,
each compartment containing in the centre a dark plate with a bright border
above and below that is to say, between the dark central part and the membrane
of Krause.
A muscular fibre presents, then, the appearance of the following
a bright translayers in regular alternation
a dark layer, the transverse disc
parent layer, the lateral disc a dark line, the intermediate disc or membrane
then another lateral disc, a transverse disc, and so on (figs. 42 and
of Krause
This appearance, following the observations of Rollett, is due to the mode
43).
of formation of a muscular fibre, which is made up of two principal parts
I, fibrillte
and 2, a hyaline or faintly granular substance, resembling protoplasm,
and called sarcoplasm. The fibrillae are arranged in bundles called muscular
columns or -sarcostyles, and these again in larger groups, which, collected together,
;

;

;

:

;

;

:

;
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The iibrillae are surrounded by the sarcoplasm, wliich enclosef>
filDre.
cohimns and groups of cohimns, being in these latter situations greater
So that on transverse section a muscular
in amount than between the fibrillse.
fibre is seen to be divided into a number of areas, called the areas of Cohnheim,
more or less polyhedral in shape, and consisting of the columns of fibrillae surrounded by transparent series of sarcoplasm. And these areas are collected into
larger or smaller groups, which in the same manner are surrounded by transparent sarcoplasm. Each area of Cohnheim presents a granular appearance due
to the cross-section of its constituent fibrillae, surrounded by a small amount of
The fibrillae extend throughout the whole length of,
the hyaline sarcoplasm.
and are parallel to, the long axis of the muscular fibre. They present the
(i) a dim prismatic or rod-shaped
following appearances in regular alternation
element, the sarcous element of Bowman
(2) a thin bridge, which joins the
form the
also the

:

;

sarcous element to (3) a dark granule. Then again another thin bridge joining
the same granule to the next sarcous element, and so on (fig. 42, B, cl). When

—

A. Portion of a raedium-sized human
Fig. 42.
Magnified nearly 800 dianniscular fibre.

—

Part of a striped muscular
of the water-beetle, prepared
Magnified
with absolute alcohol.
300 diameters. (Klein and Noble
Smith.)

Fi«. 43.
fibre

meters. B. Separatedbundlesof fibrils, equally
magnified, a, a. Larger, and b, b, smaller
d,
The
d.
c.
Still smaller.
collections.
smallest which could be detached.

u.

Sarcolemma.
to

contraction

h.

Membrane
diu-ing

of Ivrause
owing:
liardening, the sarcoside of
lateral
:

lemma shows regTilar bulgings. At the
Krause's membrane is the transparent
disc.

Several nuclei of muscle-corpuscles are shown, andin them a minute network.

these
fibres,

are collected together into columns, and the columns into muscular
the appearance mentioned above is produced. The sarcous elements, when

fibrillge

arranged side by side and almost touching each other, with very little sarcoplasm
between them, represent the transverse disc. The bridges, being much thinner
than the sarcous element or the dark granules, have between each other a much
larger amount of sarcoplasm, and this gives to this part the transparent appearance of the lateral disc. x\nd, lastly, the granules joined edge to edge in a row
present the appearance of a membrane, which represents the intermediate disc.
On the muscular fibre, immediately beneath the sarcolemma, the sarcoplasm
becomes here and there collected into small, plate-like masses. They contain
oval nuclei, and are termed muscle corpuscles.'
Finally, in the centre of each
sarcous element a transparent lighter band can sometimes be discerned this isknown as the median disc of Hensen, and is due to the substance of the sarcous
elements being here thinner.
This form of muscular fibre composes the whole of the voluntary muscles,
'

;
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the muscles of the ear, those of the hirynx, pharynx, tongue, the upper half of
and the walls of the large veins at the point where they open

the cesophagus,
into the heart.

The capillaries of striped muscle are very abundant, and form a sort of rectangular network, the branches of which run longitudinally in the endomysium^
between the muscular fibres, and are joined at short intervals by transverse
anastomosing branches. The larger vascular channels, arteries and veins, are
found only in the perimysiiim, between the muscular fasciculi. The smaller
vessels present peculiar saccular dilatations, which are supposed to act as receptacles for the blood during the contraction of the muscular fibres, when it is
pressed out from some of the capillaries.
Nerves are profusely distributed to striped muscle. The mode of their
termination will be described on a subsequent page.
The existence of li/mphatic vessels in striped muscle has not been ascertained,
though they have been found in tendons and in the sheath of the muscle.
The unstriped muscle, or muscle of organic life, is found in the walls of the
hollow viscera viz. the lower half of the oesophagus and the whole of the
remainder of the gastro-intestinal tube in the trachea and bronchi, and the
alveoli and infundibula of the lungs
in the gall-bladder and ductus communis

—

;

;

choledochus in the large ducts of the salivary and
pancreatic glands
in the pelvis and calices of the
kidney, the ureter, bladder and urethra in the female
sexual organs viz. the ovary, the Fallopian tubes,
;

;

Fig.

44..

—Non-striated

mentary

;

—

human

fibres

ele-

from the

colon.

the uterus (enormously developed in pregnancy), the

and the erectile tissue of
male sexual organs viz. the dartos
of the scrotum, the vas deferens and epididymis, the
vesiculse seminales, the prostate gland, and the corpora
cavernosa and corpus spongiosum in the ducts of certain glands, as in Wharton's duct
in the capsule and
trabeculse of the spleen
in the mucous membranes,
forming the muscularis mucosae in the skin, forming
the arrectores pilorum, and also in the sweat-glands
in the arteries, veins, and lymphatics
in the iris and
vagina, the broad ligaments,

the clitoris

;

—

in the

;

;

;

;

;

;

the ciliary muscle.

Plain or unstriped muscular fibre is made up of
spindle-shaped cells, called contractile fibre-cells, collected into bundles and held together by a cementsubstance in which are contained some connectivetissue corpuscles (fig. 44).
These bundles are further
aggregated into larger bundles, or flattened bands, and
bound together by ordinary connective tissue.
/I.

The

contractile fibre-cells

spindle-shaped,
averaging from

nucleated
g-i-^-

to

-g-i-g

45) are elongated,
of various lengths,

(fig.

cells

an inch

of

in length,

Treated with acetic acid, showing the corpuscles, h. Fragment
touched

of a detached fibre, not
"with acid.

and

On

transverse section they are more oi' less
t^tVo to 3 5V0 of ^^ inch in breadth.
polyhedral in shape, from mutual pressure. They present a faintly longitudinal
striated appearance, and consist of an elastic cell-wall containing a central
bundle of fibrilla3, representing the contractile substance, and an oval or rodlike nucleus, which includes, within a membrane, a fine network communicating
at the poles of the nucleus with the contractile fibres (Klein).
The adhesive
interstitial substance, which connects the fibre-cells together, represents the
endomysium, or delicate connective tissue which binds the fibres of striped
muscular tissue into fasciculi while the tissue connecting the individual bundles
together represents the perimysium. The unstriped muscle, as a rule, is not
under the control of the will, nor is the contraction rapid and involving the
whole muscle, as is the case with the muscles of animal life. The membranes
;
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which are composed of the unstriped muscle slowly contract in a part of theiiextent, generally under the influence of a mechanical stimulus, as that of distension or of cold and then the contracted part slowly relaxes while anotheiportion of the membrane takes up the contraction.
This peculiarity of action is
most strongly marked in the intestines, constituting their vermicular motion.
Cardiac Muscular Tissue. The fibres of the heart differ very remarkably
from those of other striped muscles. They are smaller by one-third, and their
transverse striae are by no means so distinct.
The fibres are made up of distinct
quadrangular cells joined end to end (fig. 46). Each cell contains a clear oval
nucleus, situated near the centre of the cell.
The extremities of the cells have
a tendency to branch or divide, the subdivisions uniting with offsets from other
;

—

—

Fig. 45.

Fig. 46. Anastomosing muscular fibres of the heart seen
in a longitudinal section. On
the right the limits of the
separate cells with their nuclei
are exhibited somewhat dia-

— Muscular fibre-cells from
human

arteries.

grammatically.

.

From the popliteal artery. A, without ; B, with
acetic acid. 2. From a branch of the anterior
Magnified 350
tibial,
a. Nuciei of the fibres.
times.

and thus producing an anastomosis of the fibres. The connective tissue
between the bundles of fibres is much less than in ordinary striped muscle, and
no sarcolemma has been proved to exist.
Chemical Composition of Muscle. In chemical composition the muscular
myosin which
fibres of both forms consist mainly of a proteid substance
Dr. M. Foster speaks of as intermediate between fibrin and globulin. It is readily
converted by the action of dilute acids into syntonin or acid-albumen, and by the
action of dilute alkalies into alkali-albumen.
Muscle, which is neutral or
slightly alkaline in reaction when at rest, is rendered acid by contraction, from
the development probably of sarcolactic acid. After death, muscle also exhibits
an acid reaction, but this appears to be due to post-mortem change.

cells,

—

—

—

NEEVOUS TISSUE

—

The nervous

the
tissues of the body are comprised in two great systems
and the sympathetic and each of these systems consists of a
central organ, or series of central organs, and of nerves.
The cerehro-spinal system comprises the brain (including the medulla oblongata), the spinal cord, the cranial nerves, the spinal nerves, and the ganglia connected with both these classes of nerves. The sympathetic system consists of a
double chain of ganglia, with the nerves which go to and come from them. It
is not directly connected with the brain or spinal cord, though it is so indirectly
by means of its numerous communications wdth the cranial and spinal nerves.
cerehro-spinal

;

—
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All these nervous tissues are composed chiefly of two different structures
ihe grey or vesicular, and the white oy fibrous. It is in the former, as is generally
supposed, that nervous impressions and impulses originate, and by the latter
Hence the grey matter forms the essential constituent
that they are conducted.
of all the ganglionic centres, both those in the isolated ganglia and those aggregated in the cerebro-spinal axis while the white matter is found in all the commissural portions of the nerve-centres and in all the cerebro-spinal nerves. The
nerves of the sympathetic system are chiefly composed of a somewhat different
This form
material in structure, which is named grey or gelatinous nerve-fibre.
;

of nerve-fibre

The grey

is

also found in

some

of the cerebro-spinal nerves.

or vesicular nervous substance

is distinguished by its dark reddishfound in the brain, spinal cord, and
various ganglia intermingled with the fibrous nervous substance, and also in
some of the nerves of special sense, and in gangliform enlargements which are
found here and there in the course of certain cerebro-spinal nerves. It is com-

colour and soft consistence.

gi-ey

posed, as

name

its

It is

commonly

implies, of vesicles, or corpuscles,

or ganglion-corpuscles, containing nuclei

and nucleoli

called nerve-cells

the vesicles, together with

;

the blood-vessels, in the vesicular nerve-substance, and the nerve-fibres and

the white nerve-substance, are embedded in a peculiar groundwas regarded by KoUiker as a modified form of retiform connective tissue.
It was named by Virchow neuroglia, and consists of large
branched cells, the branches passing in every direction amongst the nerveiiissue, thus holding it and binding it together.
It is developed from the epiblast,
vessels

in

substance, which

.and contains neither the characteristic fibres nor cells of connective tissue,

therefore cannot be regarded as belonging

connective tissues. Each nerveof a finely granular protoplasmic material, of a reddish or yellowishbrown colour, which occasionally presents
patches of a deeper tint, caused by the
aggregation of pigment-granules (fig. 47).

to the true

cell consists

No

distinct limiting

membrane

has been ascertained to
is,

exist.

Fig.

47.

—Nerve-vesicles

from

Gasserian ganglion of the

and
the

human

ect.

or cell-w^all

The nucleus

as a rule, a large, well-defined, round,

vesicular body, often presenting an intra-

nuclear network, and containing a nucleolus
which is peculiarly clear and brilliant.
The nerve-corpuscles vary in shape and
size
some are small, spherical or ovoid,
with generally an even outline, such as
those frequently found in the spinal
ganglia others are more or less angular,
;

;

A

globular one with defined burder. b. Its
nucleus, c. Its nucleolus, d. Caudate vesicle.
e.

Elongated vesicle

-natli

two groups of pigment-

Vesicle surrouudal by its sbeath
or capsule of nucleated particles, g. The same,
the sheatb only being in focus. Magnified 300
diameters.
particle?,

f.

of the sympathetic
caudate or stellate in shape, and are characterised by their
large size and by their having one or more tail-like processes issuing from them,
which occasionally divide and subdivide into numerous branches (fig. 48). These
Still others
are found in greatest number in the grey matter of the spinal cord.
are flask-shaped, as in the cortex of the cerebellum
or conical, as in the cerebral
convolutions.
For the most part nerve-cells have one or more processes,
and they are distinguished, by the number of these processes, as unipolar, bipolar,
or multipolar cells.
These processes are very delicate, apparently tubular, and
contain a granular material similar to that found within the corpuscle.
'Some of the processes terminate in fine, transparent fibres, which become lost
among the other elements of the nervous tissue others may be traced until,
after losing their granular appearance, they become continuous with an ordinary

as in the

ganglia

;

•others, again, are

;

;

nerve-fibre.

The white

or fibrous nerve-substance or nerve-fibre

is

found universally in
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the nervous cords, and also constitutes a great part of the l)rain and spinal coi'd.
The fibres of which it consists are of two kinds, tlie medullated or ^o^lite fibres,
and the non-medullated or grey fibres.

The medullated fibres form the white part of the brain and spinal cord, and
also the greater part of the cerebro-spinal nerves, and give to these structures
their opaque, white aspect.
When perfectly fresh they appear to be homogeneous

but soon after removal from the body they present, when examined
light, a double outline or contour, as if consisting of two parts.
The central portion is named the axis -cylinder of Purkinje around this is a
sort of sheath of fatty material, named the tvhite substance of Schivann, which
gives to the fibre its double contour, and the whole is enclosed in a dehcate
;

by transmitted

;

membrane, the neiirilemma* primitive
(fig-

sheath, or nucleated sheath of Hchicann

49)-

The

is the essential part of the nerve-fibre, and is always
the other parts, the medullary sheath and the neurilemma, being
occasionally absent, especially at the origin and termination of the nerve-fibre.

axis-cylinder

present;

Fig.

—

Fig. 48.
Nerve-vesicles from the inner part of
the grey matter of the convolutions of the
human brain. Magnified 350 times.

49.

— Human

nerve-tubes.

Magnified 350 times. Tlxree of
them are fine, one of which is
varicose, one of middling thickness, and with a simple contour
;

and three

two of which are
double-contoured, and one with
grumous contents.

Kerve-cells

:

n.

Larger,

h.

Smaller,

c.

thick,

Nerve-fibre with

axis-cylinder.

undergoes no interruption from its origin in the nerve-centre to its peripheral
must be regarded as a direct prolongation of a nerve-cell. It
constitutes about one-half or one-third of the nerve-tube, the w^hite substance
bemg greater in proportion in the nerves than in the central organs. It is
It

termination, and

and is therefore indistinguishable in a perfectly fresh and
natural state of the nerve. It is described by KoUiker as being distinguished
from the white substance by the fact that, though soft and flexible, it is not fluid
and viscid, but firm and elastic, somewhat like coagulated albumen, with which

perfectly transparent,

appears for the most part also to agree in its chemical characters. When
examined under a high powder it presents the appearance of longitudinal striation,
as if composed of very fine, homogeneous fibrillae, held together in a faintly

it

granular interstitial material. Occasionally at its termination the axis-cylinder
may be seen to break up into exceedingly fine fibrillse, confirming the

of a fibre

* In older histological works the term neurilemma
envelope of the whole nerve, now called perineurium.'
'

'

'

is

used to designate the fibrous
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have been termed the lyrimitive
by some to be enveloped in a very
it from the white matter of Schwann,
delicate,
The medullary sheath or white
l)ut it is doubtful whether this really exists.
viatter of Schwann is regarded as being a fatty matter in a fluid state, which
insulates and protects the essential part of the nerve
the axis-cylinder. The
\'iew of its fibrillar structure.

filDrillae

The axis-cylinder is
hyaline sheath, which separates

fihriUce of Schultze.

said

—

white matter varies in thickness to a very considerable
extent, in some forming a

fibre,

layer of extreme thinness, so
as to be scarcely distinguish-

forming about

able, in others

Smith.)

The
of the nerve-fibres, which

one-half the nerve-tube.
size

varies

from

—A

node of Eanvier of a medullated nerveviewed from above, magnified about 750 diameters. The medullary sheath is discontinuous at
the node, whereas the axis-cylinder passes from one
segment into the other. At the node the sheath
of Schwann appears thickened.
(Klein and Noble

FiCt. '50.

to axniTy of

r-ro o

an inch, depends mainly upon
the amount of the white substance, though the axis-cylinder also varies in size within certain limits. The white
matter of Schwann does not always form a continuous sheath to the axiscylinder, but undergoes interruptions in its continuity at regular intervals, giving
to the fibre the appearance of constriction at these points.
These were first
described by Eanvier, and are known as ihQ nodes of Banvier (fig. 50).
The
is called an internodal segment.
The
neurilemma or primitive sheath is not interrupted at the nodes, but passes over
them as a continuous membrane. Each internodal segment contains an oval

portion of nerve-fibre between two nodes

nucleus embedded
medullary sheath.
lated

in

the

Medul-

Fig.

;

I

.

— Magnified

diameters.

when

nerve-fibres,

—

^A small nervous
branch from the sym-

Fig. 52.

examined, frequently present
a beaded or varicose appearance this is due to manipulation and pressure causing
the oily matter to collect

pathetic of a

mammal.

:

drops, and in consequence of the extreme deliinto

cacy of the primitive sheath,
even slight j)i'essure will
cause the transudation of the
fatty matter,

as drops of

which
oil

membrane.
This
course,
promoted
action of ether

collects

outside the

(fig.

is,

by

of

the

51).

The neurilemma or ijrimisheath (sometimes called
tuhular membrane or
sheath of Schwann) presents
tive

the

the
cate,

appearance

of

structureless

a

deli-

mem-

.

Norve-tube
in

(if

the

common

eel

water.
The delicate line
its exterior inilicates the

on
tubnlar membrane. The dark
double-edged inner one is the
white matter of
Schwann,

sliglitlv wrinkled.
6. Tlie same
in ether.
Several oil-globules
have coalesced in the interior,
and others liave accumulated
aro\ind tlie exterior of the tube.
The white matter has in part
disappeared.

Two

dark-bordered nerve-tubes

among a number

of

-Remak's

fibres, 6.

brane.
Here and there beneath it, and situated in depressions in the white
matter of Schwann, are nuclei surrounded by a small amount of protoplasm.
The nuclei are oval and somewhat flattened, and bear a definite relation to the
nodes of Eanvier one nucleus generally lying in the centre of each node.
Non-meduUated Fibres.— Most of the nerves of the sympathetic system, and
some of the eerebro-spinal, consist of another variety of nervous fibres, which
are called the grey or gelatinous nerye-fihves—fibres
These
of Bemak (fig. 52).
consist of finely striated fibres enclosed in a delicate, homogeneous sheath,
;
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Nuclei may he
similar to the neurilemma of the medullated nerve-libres.
detected at intervals in each fibre, situated between the axis-cylinder and the
neurilemma. In external appearance the gelatinous nerves are semi-transparent
and grey or yellowish-grey. The individual fibres vary in size, generally
averaging about half the size of the medullated fibres they are often branched
the branches uniting with other neighbouring branches, so as to form a network.
;

;

made up of these gelatinous nerve-fibres, but they are of
and possess a distinct nucleated sheath.
Chemical Composition. The different portions of the nervous system are
composed of the two above-described kinds of nervous structure, the chemical
composition of which is shown by the following analysis, by Lassaigne, which
represents the relative proportion of the different constituents composing the
grey and white matter of the brain.
The

olfactory nerve is

large size,

—

Water
Albuminous matter

.

.

Grey

White

85-2

73-0
9-9

7-5

.

Colourless fat

i-o

Red fat
Osmazome and

37
lactates

Phosphates

13-9
0-9

1-4

ro

1-2

1-3

appears fi-om this analysis that the cerel^ral substance consists of albumen,
The fatty matters
cpnsist of cerebrin, neurin, and lecithin.
The two latter were first described by
Liebreich as a crystalline phosphuretted fat, which he termed protagon. It
seems probable, however, that it is simply a mixture of neurin and lecithin.
Cholesterine is also described as one of the chemical constituents of the nervous
tissues, being found in conjunction with lecithin.
The salts are the phosphates
It

dissolved in water, combined ^vith fatty matter and salts.

magnesia, and iron, sulphate of potash, and chloride of
sodium, with traces of silica. According to Vauquelin, the cord contains a
larger proportion of fat than the brain
and according to L'Heritier, the nerves
contain more albumen and more soft fat than the brain.
The nervous structures are divided, as before mentioned, into two great
systems viz. the cerehro-spinal, comprising the brain and spinal cord, the
nerves connected with these structures, and the ganglia situated on them
and the sympathetic, consisting of a double chain of ganglia and the nerves connected with them. All these structures require separate consideration; they
are composed of the tw^o kinds of nervous tissue above described, intermingled in various proportions and having, in some parts, a very intricate
arrangement.
The brain or encephalon is that part of the cerebro-spinal system which is
contained in the cavity of the skull. It is divided into several parts, named
the medulla oblongata, pons Varolii, cerebellum, and cerebrum.
In these parts
the grey or vesicular nervous matter is found partly on the surface of the brain,
forming the convolutions of the cerebrum, and partly in the laminae of the cerebellum. Again, grey matter is found in the interior of the brain, collected
into large and distinct masses or ganglionic bodies, such as the corpus
striatum, optic thalamus, and corpora quadrigemina.
Finally, grey matter is
found intermingled intimately with the white, but without definite arrangement,
as in the corpora dentata of the medulla and cei-ebellum, or the grey matter in
the pons Varolii and the floor of the fourth ventricle.
The white matter of the brain is divisible into three distinct classes of fibres.
These are, in the first place, the nerves which arise in the grey matter and pass
out through the cranial foramina.
Next, the fibres which connect the brain
yi^ith the spinal cord
that is to say, those which are usually traced upwards
from the columns of the spinal cord, through the medulla oblongata into the
encephalon, chiefly by means of the anterior pyramids, lateral tract, and
restiform bodies, passing through the pons Varolii and crura cerebri to ex-

of potash, soda, lime,

;

—

;

;

NEEVOUS TISSUE

45

ixmd into the corpora striata, optic thalamus, and convohitions {corona radiata),
and by means of the restiform bodies into the cerebellum. The other class of
white'fibres in the brain are commissural, some of the commissures serving to
connect different parts of the same hemisphere together (as the fornix, processus
the same section, as the
e cerebello ad testes, &c.), or even different parts of
Most of these commissures are longitudinal;
arciform fibres of the medulla.
while others, as the corpus callosum and the transverse fibres of the pons
Varolii, are transverse, serving to connect opposite hemispheres, and thus
probably securing the single action of a double organ.
The manner in which the grey and white matter are intermingled in the brain
and spinal cord is very intricate, and can only be fully understood by a careful
study of the details of its descripanatomy in the sequel. The
further consideration of this subtive

ject will therefore

be deferred until

after the description of the various

.divisions

spinal

which

of

system

is

the

made

cerebro-

up.

The nerves are round or flattened cords, formed of the nerveThey
fibres already described.
are connected at one end with the
cerebro-spinal centre or with the
ganglia, and are distributed at the
other end to the various textures
they ai^e subdivided
of the body
the cerebrointo two great classes
spinal, which proceed from the
cerebro-spinal axis, and the symganglionic
nerves,
'pathetic
or
which proceed from the ganglia

—

FiG. 53. Transverse section through a microscopic nerve, representing a compound nervebundle, suiTounded by perineurium. Magnified 120 diameters.
The meduUated fibres are seen as circles with
a central dot, viz. medullary sheath and axisThey are emcylinder, in transverse section.
bedded in endoneurium, containing numerous
nuclei, which belong to the connective-tissue
(Klein and Noble Smith.)
cells of the latter.

;

—

of the

The cerebronumerous

sympathetic.

spinal nerves consist of

nerve-fibres collected together

and

enclosed in a membranous sheath
(fig. 53).
A small bundle of primitive fibres, enclosed in a tubular
sheath, is called a funiculus
if
the nerve is of small size, it may
consist only of a single funiculus
but if large, the funiculi are collected together into larger bundles
;

;

which are bound together

or fasciculi,

.

Perineurium, consisting of laminis of fibrous connective
alternating witli flattened nucleated connective-,
tissue cells. I. Lympb-space between perineurium and surface of nerve-bundle.

tissues,

in a

common membranous

investment,

and

constitute the nerve.

In structure, the
nerve,

which

is

common membranous

investment, or sheath of the whole

called the epineurium, as well as the septa given

which separate the

ofi^

from

it,

and

connective tissue, composed of white and
yellow elastic fibres, the latter existing in great abundance. The tubular sheath^
of the funiculi, called the perineurimn, consists of a fine, smooth, transparentmembrane, which may be easily separated, in the form of a tube, from the fibres
it encloses
in structure it consists of connective tissue, which has a distinctly'
lamellar arrangement, consisting of several lamellae, separated from each otherby spaces containing lymph. The nerve-fibres are held together and supported'
within the funiculus by delicate connective tissue, coMediihe endoneurium. It iS'
continuous with septa which pass inwards from the innermost layer of th$':
perineurium, and consists of a ground-substance in which are embedded fine';
bundles of fibrous connective tissue which run for the most part longitudinally.
;

fasciculi, consists of
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support the capillary vessels, which are arranged so as to form a
network with the elongated meshes. The cerehro-spinal nerves consist almost
exclusively of the medullated nerve-fihres, the non-medullated existing in very
It serves to

small proportions.
The blood-vessels supplying a nerve terminate in a minute capillary plexus,
the vessels composing which pierce the perineurium, and run, for the most part,
they are connected together by short, transverse vessels,
parallel with the fibres
forming narrow, oblong meshes, similar to the capillary system of muscle. Fine
non-medullated nerve-fibres accompany these capillary vessels, vaso-motor fibres,
and breakup into elementary fibrils, which form a network around the vessel.
Horsley hcus also recently demonstrated certain medullated fibres as running in
the epineurium and terminating in small spheroidal tactile corpuscles or endbulbs of Krause. These nerve-fibres, which Professor Marshall believes to l)e
sensory, and which he has termed nervi nervorum, are considered by him to have
an important bearing upon certain neuralgic pains.
The nerve-fibres, as far as is at present known, do not coalesce, but pursue
an uninterrupted course from the centre to the periphery. In separating a
nerve, however, into its component funiculi, it may l)e seen that these do not
pursue a perfectly insulated course, but occasionally join at a very acute angle
from this, branches are
with other funiculi proceeding in the same direction
given off, to join again in like manner with other funiculi. It must be distinctly
understood, however, that in these communications the nerve-fibres do not
coalesce, but merely pass into the sheath of the adjacent nerve, become intermixed wuth its nerve-fibres, and again pass on, to become blended with tlie
nerve-fibres in some adjoining funiculus.
Nerves, in their coiirse, subdivide into Ijranches, and these frequently communicate with branches of a neighbouring nerve. The communications whicli
thus take place form what is called a plexus. Sometimes a plexus is formed l:)y
the primary branches of the trunks of the nerves - as the cervical, brachial,
lumbar, and sacral plexuses and occasionally by the terminal funiculi, as in
In the formation of a plexus,
the plexuses formed at the periphery of the body.
the component nerves divide, then join, and again subdivide in such a complex
;

;

—

manner that the individual funiculi become interlaced most intricately so that
each branch leaving a plexus may contain filaments from each of the primary
nervous trunks which form it. In the formation also of smaller plexuses at the
periphery of the body there is a free interchange of the funiculi and primitive
In each case, however, the individual filaments remain separate and
fibres.
distinct, and do not inosculate with one another.
It is probable that through this interchange of fibres the different liranches
passing off' from a plexus have a more extensive connection with the spinal cord
than if they each had proceeded to be distributed without such connection with
Consequently, the. parts supplied by these nerves have more
other nerves.
by this means, also, groups of
extended relations with the nervous centres
muscles may be associated for combined action.
The sympathetic nerves are constructed in the same manner as the cerebrospinal nerves, but consist mainly of non-medullated fibres, collected into funiculi,
and enclosed in a sheath of connective tissue. There is, however, in these
nei^ves, a certain admixture of medullated fibres, and the amount varies in
different nerves, and may be known by its colour.
Those branches of the sympathetic which present a well-marked grey colour are composed more especially of
whilst those
gelatinous nerve-fibres, intermixed with a few medullated fibres
of a white colour contain more of the latter fibres, and a few of the former.
Occasionally, the grey and white cords run together in a single nerve, without
any intermixture, as in the branches of communication between the sympathetic
;

;

;

ganglia and the spinal nerves, or in the communicating cords

betw^een

the

ganglia.

The

nerve-fibres, both of the cerebro- spinal

and sympathetic system, convey
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impressions of a twofold kind. The sensory nerves, called also centripetal or
afferent nerves, transmit to the nervous centres impressions made upon the
peripheral extremities of the nerves, and in this v\^ay the mind, through the
medium of the brain, becomes conscious of external objects. The motoi- nerves,
called also centrifugal or efferent nerves, transmit impressions from the nervous
centres to the parts to which the nerves are distributed, these impressions either
exciting muscular contraction, or influencing the processes of nutrition, growth,

and

secretion.

—

Origin and Termination of Nerves. By the expression the termination of
nerve-fibres is signified their connections with the nerve-centres, and with the
The former are sometimes called their origin, or central
parts they supply.
termination the latter their peripheral termination. The origin in some caises
that is to say, the whole nerve emerges from the nervous centre by a
is single
in other instances the nerve arises by two or more roots, which
single root
come off from different parts of the nerve-centre, sometimes widely apart from
'

'

;

—

;

each other, and

it

often happens,

when

a nerve arises in this

way by two

roots,

as, for example, in the spinal
that the functions of these two roots are different
nerves, each of which arises by two roots, the anterior of which is motor, and
;

The point w^here the nerve root or roots emerge from
the posterior sensory.
the nervous centre is named the siiperficial or apparent origin, but the fibres of
which the nerve consists can be traced for a certain distance into the nervous
centre to
origin of

of the grey substance, which constitutes the deep or real
The exact manner in which these fibres arise at their
open to some doubt, but it would appear to be probable

some portion
the nerve.

deep origin

is

still

that the centrifugal or efferent nerve-fibres are directly continuous with one
of the processes of the multipolar nerve-cells, and may therefore be said to be

prolongations from the nerve-cells of the grey substance. The centripetal or
afferent fibres, on the other hand, do not appear to be continuous with the nerveIf traced from their apparent origin into the nerve-centre, they may
cells.
be seen to bifurcate, assume a straight course, and send off lateral branches,
which become lost in the grey matter.
Peripheral Terminations of Nerves. The manner in which nerve-fibres ter-

—

minate peripherally are several, and may be conveniently studied in the sensory
and motor nerves respectively. Sensory nerves would appear to terminate either
or else in special terminal
in minute primitive fibrillce or networks of these
organs, which have been termed peripheral end-organs, and of which there are
three principal varieties, viz. the end-bulbs of Krause, the tactile corpuscles of
Wagner, and the Pacinian corpuscles.
Termination in Fibrillae. When a medullated nerve-fibre approaches its termination, the white matter of Schwann suddenly disappears, leaving only the
axis-cylinder, surrounded by the neurilemma, and we have now a noii-meduUated
fibre.
This, after a time, loses its neurilemma, and consists only of an axiscylinder, which can be seen, in preparations stained with chloride of gold, to be
made up of fine varicose fibrils. Finally, the axis-cylinder breaks up into its constituent primitive nerve -fibrillae, which anastomose wdth one another, thus forming a network, and often present regular varicosities.
This network passes
between the elements of the tissue to which the nerves are distributed, which is
a,lways epithelial, the nerve-fibrils lying in the interstitial substance between the
epithelial cells, and, as is believed by some, actually terminating within the cells,
as minute swellings close to the nucleus.
In this way nerve-fibres have been
found to terminate in the epithelium of the skin and mucous membranes, and in
the anterior epithelium of the cornea.
The end-bulbs of Krause (fig. 54) are of two kinds i. The cylindrical endbulbs, found principally in the lower animals, are oblong or cylindrical corpuscles,
;

—

:

which the axis-cylinder of the nerve-fibres passes and terminates in a bulbous extremity. The corpuscle consists of a simple nucleated
capsule, containing a soft, homogeneous core, in which the termination of the

into the interior of
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is contained.
TJie white matter of Schwann ceases abruptly as
the axis-cylinder enters the corpuscle, but the neurilemma is continued inwards-

axis-cylinder

with the axis-cylinder, and forms an investment of the core, lining the interior
of the capsule.
2. The small spheroidal end-bulb, found only in men
and
monkeys, consists of a capsule of connective tissue, enclosing a number of
polygonal cells, amongst which the axis-cylinder terminates. These spheroidal
end-bulbs are found in the conjunctiva of man, in the mucous membrane of
the mouth, nasal cavities and rectum, and also in the mucous membrane of
the glans penis and clitoris.
In this latter situation they have a mulberrylike appearance, from
being constricted by connective-tissue septa into
from two to six knob-like masses, and have received the name of genital
corpuscles.
Very similar corpuscles are found in the epineurium of nervetrunks (see p. 45). In the synovial membrane of certain joints (e.g. those
of the fingers), rounded or oval end-bulbs have been found
these are designated
;

articular end-bulbs.

The

tactile corpuscles

shaped bodies, made up

(fig.

55),

Wagner and Meissner, are ovaland consisting of a capsule, and im-

described by

of connective tissue,

FiG. 55.

—Papilla of the hand, treated with

acetic acid.

Fig. 54.

Magnified 350 times.

— End-bulb of Krause.
6

.

Side view of a papilla of tlie hand. a. Cortical layer.
Tactile coi'puscle, witli trans\'erse nuclei, c.

h.

a.

Mediillated
corpuscle.
Histology.')

nerve-fibre.

(From

Klein's

6.

Capsule of

'

Elements of

Small nerve of the papilla, with neurilemma, d.
Its two nervous fibres running with spiral coils
around the tactile corpuscle, e. Apparent termination of one of these fibres, b. A tactile paoilla seen
from above so as to show its transverse section.
a. Cortical layer.
6. Nerve-fibre,
c. Outer laj'er of
the tactile body, with nuclei, d. Clear interior substance.

membranous
more medullated

which penetrate its interior. One
and sometimes pass
at once into its interior, at other times wind round it two or three times
then
lose their medullary sheath, and the axis-cylinders, entering the capsule, pursue
a convoluted course, supported by the septa, and terminate in small globular
or pyriform enlargements, near the inner surface of the capsule.
These tactile
corpuscles have been described as occurring in the papillae of the corium of
the hand and foot, the front of the fore-arm, the skin of the lips, and the
mucous membrane of the tip of the tongue, the palpebral conjunctiva, and
the skin of the nipple. They are not found in all the papillae
but from their
existence in those parts in which the skin is highly sensitive, it is probable
that they are specially concerned in the sense of touch, though their absence
from the papillae of other tactile parts shows that they are not essential to
from

perfect

septa, derived

or

nerve-fibres pass to each corpuscle,

it,

;

;

this sense.

The Pacinian corpuscles * (fig. 56) are found
of the palm of the hand and sole

on the nerves

organs of both sexes lying in
*

the

in the

human

of the foot

subcutaneous tissue

Often called in Gemiian anatomical works

'

;

subject chiefly

and

but

in the genital

they have also

corpuscles of Vater.'
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been described as connected with tlie nerves of the joints, and in some other
situations, as the mesentery of the cat and along the tibia of the rabbit.
Each of these corpuscles is attached to and encloses the termination of a single
The corpuscle, which is perfectly visible to the naked eye (and
nerve-fibre.
which can be most easily demonstrated in the mesentery of a cat), consists of a
number of lamellae or capsules, arranged more or less concentrically around a
central clear

space, in

composed of bundles of
surface by a single layer

which the nerve-fibre

is

contained.

fine connective-tissue fibres,

Each

lamella

is

and is lined on its inner
The central clear space,

of nucleated endothelial cells.
elongated or cylindrical in shape, is filled wdth a transparent material,
in the middle of which is the single meduUated fibre, which traverses the space
Here it terminates in a rounded knob or end,
to near its distal extremity.

w^hich

is

sometimes bifurcating previously, in which
case each branch has a similar arrangement.
Todd and Bowman have described minute
arteries as entering by the sides of the

Fig. 56.

— Pacinian

system

of

corpuscle, with itscapsules and central

cavity.

nerves and forming capillary loops in the
intercapsular spaces, and even penetrating
Other authors deinto the central space.
scribe the artery as entering the corpuscle
at the pole opposite to the nerve-fibre.
Herbst has described a somewhat similar nerve-ending to the Pacinian corpus'

'

cle, as being found in the mucous membrane
of the tongue of the duck, and in some other
It differs, however, from the
situations.
Pacinian corpuscles, in being smaller, its
capsule thinner and more closely approximated, and especially in the fact that the
axis-cylinder in the central clear space is
coated with a continuous row of nuclei.
These bodies are known as the corpuscles

of Herbst.
Tactile corpuscles

have been described
by Grandry as occurring in the papillae of
the beak and tongue of birds, and by
Merkel as occurring in the papillae and
epithelium of the skin of man and animals,
especially in those parts of the skin devoid
They consist of a capsule com- a. Arterial twig, ending in oapillarie?, wliich form
of hair.
loops in some of the intercapsular spaces, and
posed of a very delicate, nucleated memone penetrates to the central capsule, b. The
fibrous tissue of the stalk prolonged from thebrane, and contain two or more granular,
neurilemma, n. Nerve-tube advancing to the
somewhat flattened cells, between wiiich
central capsule, there losing its white matter,
and stretching along the axis to the opposite
the medullated nerve-fibre, which enters
end, where ic is fixed by a tubercular enlargement.
the capsule by piercing its investing membrane, is supposed to terminate.
In the organs of special sense the nerves terminate in cells, which belong to
the epithelial class, and have received the name of sensory or nerve-ejnthelium
cells.
The axis-cylinders terminate in these epithelial cells, w'hich are variously
modified and to the peripheral extremity of which are often connected peculiar
styliform processes.
These cells will be more particularly described in the
sequel, in connection with the description of the organs of special sense.
Motor nerves are to be traced either into unstriped or striped muscular fibres.
In the unstriped or involuntary muscles the nerves are derived from the sympathetic, and are composed mainly of the non-meduUated fibres.
Near their termination they divide into a number of branches, v^^hich communicate and form an
intimate plexus. At the junction of the branches small triangular nuclear bodies

E
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From these plexuses minute branches are given
which divide and break up into the ultimate iibrillse of which the nerve is
composed. These fibrillae course between the involuntary muscle-cells, and,
according to Elischer, terminate on the surface of the cell, opposite the nucleus,
Arnold and Frankenhauser believed that these ultimate
in a minute swelling.
librillae penetrated the muscular cell, and ended in the nucleus.
More recent
(ganglion-cells) are situated.

off,

observation has, however, tended to disprove this.
In the striped or voluntary muscle, the nerves supplying the muscular fibres
are derived from the cerebro-spinal nerves, and are composed mainly of medul-

The

nerve, after entering the sheath of the muscle, breaks up into
fibres, which form plexuses, and gradually divide until, as a
rule, a single nerve-fibre enters a single muscular fibre.
Sometimes, however, if
the muscular fibre is long, more than one nerve-fibre enters it. Within the
lated fibres.
fibres, or

bundles of

muscular

fibre the

who

accurately described them, motor ial cnd-iilates

first

FiG, 57.

nerve terminates in a special expansion, called by Kiihne,
(fig.

The nerve-

57).*

— Muscular fibres of Laccrta viridis with the terminations of nerves.

IISTiTTfiTirJtii

a.
<?.

nei-ve end-plates,
s 8. The base of tlie plate, consisting of a granular mass with nuclei.
(Tlie
b. The same as seen in looking at a perfectly fresh fibre, the nervous ends being probablj^ still excitable.
forms of the variously divided plate cau hardly be represented in a woodcut lay sufficiently delicate and jiale
poisoning
contours to reproduce correctly what is seen in nature.) c. The same as seen two hours after death from
by curare.

Seeu iu

profile.

P

p.

The

on approaching the muscular fibre, suddenly loses its white matter of
Schwann, which abruptly terminates the neurilemma becomes continuous with
the sarcolemma of the muscle, and only the axis-cylinder enters the muscular
fibre, where it immediately spreads out, ramifying like the roots of a tree, immediately beneath the sarcolemma, and is embedded in a layer of gi-aniilar matter,
containing a number of clear, oblong nuclei, the whole constituting an endplate from which the contractile wave of the muscular fibre is said to start.
The nerves supplying tendons have peculiar nerve-endings, and are especially
numerous near the point where the tendon becomes muscular. In this situation
spindle-shaped bodies are found, and are known as the organs of Golgi. They
are apparently composed of several tendinous bundles, fused into one, into which
one or more nerve-fibres pass, and, dividing, spread out between the tendonbundles and form a branched expansion. Nerve-fibres occasionally terminate
fibre,

;

in tendons as end-bulbs or as small Pacinian corpuscles.

The Ganglia may be regarded as separate and independent nervous centres,
and less complex structure than the brain, connected with each
other, with the cerebro-spinal axis, and with the nerves in various situations.
They are found on the posterior root of each of the spinal nerves on the posof smaller size

;

terior or sensory root of the fifth cranial
*

They had,

Doyere,

nerve

;

on the facial and auditory nerves

;

liowever, previovisly been noticed, though not accurately described, by
nerve-hiJlocks.'

who named them

'

THE VASCULAR SYSTEM

5T

on the giosso-pliaryngeal and pneumogastric nerves and on the branches of
They are also found in a connected series along each side
certain spinal nerves.
and on the
of the vertebral column, forming the trunk of the synipathetic
;

;

branches of that nerve, generally in the plexuses or at the point of junction of
two or more nerves with each other, or with branches of the cerebro-spinal
system. On section they are seen to consist of a reddish-grey substance,
they vary considerably in form and
traversed by numerous white nerve-fibres
the largest are found in the cavity of the abdomen the smallest, not
size
visible to the naked eye, exist in considerable numbers upon the nerves dis;

;

;

The ganglia

are invested by a smooth and
envelope, consisting of dense areolar tissue
continuous with the perineurium of the nerves, and sends

tributed to the different viscera.
firm, closely adhering,

membranous

;

sheath is
numerous processes into the interior of the ganglion, which support the bloodvessels supplying its substance.
In structure all ganglia are essentially similar (fig. 58), consisting of the same
structural elements as the other nervous centres
viz. a collection of vesicular
nervous matter traversed by tubular
this

—

and gelatinous

nerve-fibres.

—

Fig. 58.
Section through a microscopic
ganglion.
Magnified 300 diameters.
(Klein and Noble Smith.)

The

vesicular nervous matter consists

most of
and of a

of nerve or ganglion cells,
Vv^hich

appear

to be free

these are
round or oval form
more especially seated near the
;

surface of the ganglion
unipolar,

and

bipolar,

or

others are

;

multipolar,

their caudate processes give

nerve-fibres.
In the
to
ganglion the nerve-cells are enclosed in a transparent capsule
with nuclei on its inner surface.
The nerve-fibres on entering the

origin

ganglion lay aside their perineurium, which becomes continuous
with the capsule. Some of the
fibres run through the ganglion
without being connected with the
•cells, others arise from the caudate
processes of the cells.
A remarkable modification of
the bipolar nerve-cell

.

found in

is

the sympathetic ganglia, especially

Capsule of the ganglion, n. Xerre-fibres passing out
of the ganglion. The nerve-fibres which entered the
gangUon are not represented. The nerve-fibres are
ordinary medullated fibres, but the details of their
structure are not shown, owing to the low magnifying
power. Tlie ganglion-cells are invested by a special
capsule, lined by a few nuclei, ^^l^ich are here represented as if contained in the capsule.

but also in some few
the mammal.
The
cells are pear-shaped, and from the
narrow end two processes arise one a straight axis-cylinder process, into which
the substance of the ganglion is prolonged the other, a thin fibre, winds spirally
round the straight fibre, and then passes away from the cell in the opposite
direction and becomes invested with a medullary sheath and neurilemma of its
own, and constitutes a medullated fibre, w^hile the straight axis-cylinder process
forms a non-meduUated fibre.
in the frog,

instances

in

:

;

THE VASCULAR SYSTEM
The Vascular System,

exclusive of

its

central organ, the heart,

divided into

is

four classes of vessels the arteries, capillaries, veins, and lymphatics the minute
structure of which we will now proceed briefly to describe, referring" the reader to
:

the body of the work for all that

;

is

necessary in the details of their ordinary anatomy.
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Structure of Arteries

(fig.

59).

— The

composed

arteries are

internal or endothehal coat {twiica intima of Kolhker)

and external cellular coat
The two inner coats together are very

[tunica media)

;

of three coats

:

middle muscular coat

{tunica adventitia).

;

from the external, ashy the ordinary operation of tying a ligature on an artery. If a fine string hetied forcibly upon an artery and then taken off, the external coat will he found
undivided, but the internal coats are divided in the track of the ligature and can
The inner coat can be separated
easily he further dissected from the outer coat.
from the middle by a little maceration, or it may he stripped off in small pieces
hut, on account of its friability, it cannot he separated as a complete membrane.
It is a fine, transparent, colourless structure which is highly elastic, and is
easily separated

;

into longitudinal wrinkles.
The inner coat consists of
layer of pavement-epithelium, the cells of which are polygonal, oval, orThis endothelium, as it
fusifoi'm, and have very distinct round or oval nuclei.
is (sometimes) called, is brought into view most distinctly by staining with nitrate-

commonly corrugated

—

I.

A

of silver.

—

Fig. 59. Transverse section through a
small artery and vein of the mucous
membrane' of the epiglottis of a child.
Magnified about 350 diameters. (Klein
and Noble Smith.)

2.

A

sub-epithelial layer, con-

sisting of delicate connective tissue with

branched

cells lying in the

the tissue.

of

trated
elastic

of

3.

An

which

layer,

consists

membrane containing

elastic

fibres,

longitudinal

interspaces

elastic or fenes-

having

an

principally a

and

direction

of

a network

which,

in

under the microscope, small, elongated
apertures or perforations may be seen,
giving it a fenestrated appearance.
It
was therefore called by Henle the
This membrane
fenestrated membrane.
forms the chief thickness of the inner
coat, and can be separated into several
which present the
layers, some of
appearance of a network of longitudinal
elastic fibi'es, and others present a more
character, marked by pale
having a longitudinal direction. In
arteries of less than a line in diameter

membranous
lines

the

sub-epithelial

single

.

Artery, showing tlie nucleated endothelium, e,
w Inch Unes it
the Tessel being contracted, the
endothelial cells appear very thick. TJnderueath
the endothelium is the wavy elastic intima. The
chief part of the wall of the vessel is occupied
by the circular muscle coat m
the staflf-shaped
nuclei of the m-uscle-cells are well seen. Outside
this is a, part of the adventitia.
This is composed
of bundles of connective-tissue fibres, shown in
section, with the nuclei of the connective-tissue
corpuscles. The adventitia gradually merges into
:

:

the surrounding connective tissue, v. Vein showing a thin endothelial membrane, e, raised accidentally from the intima, which on account of its
delicacy is seen as a mere line on the media m.
This latter is composed of a few circular unstriped
muscle-cells,
to that of an

a.

The

arter'\-.

adventitia, similar in structure

layer

layer of stellate

consists
cells,

of

a

and the

connective tissue is only largely developed in the large-sized vessels. The
fenestrated membrane in microscopic
arteries is a very thin layer, but in the
larger arteries, and especially in the
aorta, it has a very considerable thickness.

The middle

coat

{tunica media)

is

the inner by its
colour and by the transverse arrangement of its fibres, in contradistinction to
the longitudinal direction of those of the

distinguished

from

inner coat. It consists principally of
being made up of muscle-fibre cells in fine bundles, arranged in
These lamellae vary in
lamellae and disposed circularly around the vessel.
number according to the size of the vessel the very small arteries having only
a single layer, and those not larger than one-tenth of a line in diameter three or
four layers.
It is to this coat that the great thickness of the walls of the artery is
mainly due (fig. 59 A m). In the larger vessels, as the ihac, femoral, and

muscular

tissue,

;
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form lamellae, which alternate with the layers of
muscular fibre and are united by elastic fibres which pass between the
muscular bundles. In the largest arteries, as the aorta and innominate, the
amount of elastic tissue is very considerable. In these vessels also bundles of
white connective tissue have been found in small quantities in the middle
The muscle-fibre cells of which the middle coat is made up are about t^^,^
•coat.
of an inch in length and contain w^ell-marked, rod-shaped nuclei, which are often
carotid, elastic fibres unite to

curved.

islightly

The external coat

{tunica adventitia) consists mainly of fine and closely felted
hundles of white connective tissue, but also contains elastic fibres in all but the
The elastic tissue is much more abundant next the tunica
smallest arteries.

media, and

it is

sometimes

•described as forming here,

Fig.

6o.— Longitudinal

section of artery

and

vein,

between the adventitia and
media, a special layer, the
tunica elastica externa of
Henle. This layer is most

marked

in

medium

vessels

largest

coat

ternal

thin
it

arteries

.

size.

is

of

In

the

the

ex-

relatively

but in small arteries
greater propor-

;

of

is

In the

tionate thickness.

smaller arteries

it

consists

of a single layer of white

connective
elastic

and

tissue

fibres

;

while

in

the smallest arteries, just

above the capillaries, the
are wanting,
and the connective tissue,

•elastic fibres

of which the coat

is

commore

becomes
homogeneous the nearer
posed,
it

All artery from the mesentery of a cMld, •062"', and 6, vein 067'" in diameter, treated with acetic acid and magnified 350 times, a. Tnnica
adventitia, with elongated nuclei. /3. Nuclei of the contractile fibre
cells of the tunica media, seen partly from the surface, partly apparent
in transverse section, y. Nuclei of the endothelial cells. S. Klastic longitixdinal filirous coat.

approaches the capiland is gradually reduced to a thin membranous envelope, which finally

laries,

disappears.

Some arteries have extremely thin coats in proportion to their size this is
especially the case in those situated in the cavity of the cranium and spinal
;

the

•canal,

difference

depending on the greater thinness

of the

external

and

middle coats.

The

throughout the body, are included in a thin
is called their sheath.
In the limbs
usually formed by a prolongation of the deep fascia in the upper part of
arteries, in their distribution

fibro-areolar investment,
this is

which forms what

;

the thigh

it

consists of a continuation

fascige of the

abdomen

downwards

of the transversalis

and

iliac

deep cervical fascia.
The included vessel is loosely connected with its sheath by a delicate areolar
tissue
and the sheath usually encloses the accompanying veins, and sometimes a nerve.
Some arteries, as those in the cranium, are not included in
;

in the neck, of a prolongation of the

;

sheaths.
All the larger arteries are supplied with blood-vessels like the other organs of
the body thej a,Te called the vasa vasonmi.
These nutrient vessels arise from
;

a branch

of the artery or from a neighbouring vessel, at some considerable
distance from the point at which they are distributed they ramify in the loose
areolar tissue connecting the artery with its sheath, and are distributed to the
;

-external coat, but

do not, in man, penetrate the other coats

;

though

in

some

of
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the larger

mammals some few

Minute veins serve

vessels have been traced into the middle coat.

to return the blood

from these vessels

selves into the venae comites in connection with the artery.

;

they empty themLymphatic vessels

and lymphatic spaces are

also present in the outer coat.
Arteries are also supplied with nerves, which are derived chiefly from the
sympathetic, but partly from the cerebro-spinal system. They form intricate

plexuses upon the surfaces of the larger trunks, and run along the smaller
branches as single filaments or bundles of filaments, which twist around the
The branches derived
vessel and unite with each other in a plexiform manner.
from these plexuses penetrate the external coat and are principally distributed
to the muscular tissue of the middle coat, and thus regulate, by causing the
contraction and relaxation of this tissue, the amount of blood sent to any part.
The Capillaries. The smaller arterial branches (excepting those of the cavernous structure of the sexual organs, of the spleen, and in the uterine placenta)
terminate in a network of vessels which pervade nearly every tissue of the body.
These vessels, from their minute size, are termed capillaries {ccqnllus, a 'hair ').
They are interposed between the smallest branches of the arteries and the commencing veins, constituting a network, the branches of which maintain the same
diameter throughout the meshes of the network being more uniform in shape
and size than those formed by the anastomoses of the small arteries and veins.
The diameter of the capillaries varies in the different tissues of the body, their
usual size being about 3-„'„-,y of an inch. The smallest are those of the brain, and

—

;

the mucous membrane of the intestines and the largest those of the skin
and the marrow of bone, where they are stated to be as large as iViro of an inch.
The form of the capillary net varies in the different tissues, the meshes being
generally rounded or elongated.
The rounded form of mesh is most common,
and prevails where there is a dense network, as in the lungs, in most glands and
mucous membranes, and in the cutis here the meshes are more or less angular,,
sometimes nearly quadrangular, or polygonal more frequently irregular.
Elongated meshes are observed in the bundles of fibres and tubes composing
muscles and nerves, the meshes being usually of a parallelogram form, the long
axis of the mesh running parallel with the long axis of the nerve and fibre.
Sometimes the capillaries have a looped arrangement; a single vessel projecting
from the common network and returning after forming one or more loops, as in
the papillae of the tongue and skin.
The number of the capillaries, and the size
;

;

;

meshes, determine the degree of vascularity of a part. The closest netin the lungs and in the choroid coat,
of the eye.
In these situations the interspaces are smaller than the capillary
vessels themselves.
In the kidney, in the conjunctiva, and in the cutis the interspaces are from three to four times as large as the capillaries wdiich form them
and in the brain from eight to ten times as large as the capillaries in their long
In
diaixieter, and from four to six times as large in their transverse diameter.
the adventitia of arteries the width of the meshes is ten times that of the capillary
of the

w^ork

and the smallest interspaces are found

;

As a general rule, the more active the function of the organ, the closer
and the larger its supply of blood the meshes of the network
being very narrow in all growing parts, in the glands and in the mucous membranes wider in bones and ligaments, which are comparatively inactive and.
nearly altogether absent in tendons, in which very little organic change occurs
vessels.
is its

capillary net

;

;

;

after their formation.

—

The walls of the capillaries consist of a fine, transparent, epithelial,
composed of cells joined edge to edge by an interstitial cement-substance,,
and continuous with the endothelial cells which line the arteries and veins.
When stained with nitrate of silver the edges which bound the epithelial cells are
brought into view^ (fig. 6i). These cells are of large size and of an irregular
Structure.

layer,

polygonal or lanceolate shape, each containing an oval nucleus w^hich may be
brought into view by carmine or logwood. Between their edges, at various
l^oints of their meeting, roundish dark spots are sometimes seen, which have
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been described as stomata, though they are closed by interceUular substance.
They have been beheved to be the situation through which the white corpuscles
but this view%
of the blood, when migrating from the blood-vessels, emerge
;

though probable, is not universally accepted.
Kolossow, a Eussian observer, describes these cells as having a rather more
complex structure. He states that they consist of two parts of hyaline groundplates and of a protoplasmic granular part, in which is embedded the nucleus, on
This hyaline internal coat of the capillaries
the outside of the gi'oiand-plates.
does not form a complete membrane, but consists of plates which are inelastic,
and though in contact with each other, are not continuous when therefore the
:

'

'

;

capillaries are subjected to intra- vascular pressure, the plates

from each other

;

become separated

the protoplasmic portions of the cells, on the other hand, are

united together.

In

many

situations a delicate sheath or envelope of branched nucleated con-

nective-tissue cells

is

found around the simple capillary tube, particularly in the

—

Fig. 62. Finest vessels on the arterial side.
the human brain. Magnified 300 times.

From

—

61.
Capillaries from
the mesentery of a guineapig after treatment with
solution of nitrate of silver.

Fi(r.

a. Cells,

b.

Their nuclei.
,

Coarser capillaries. 4.
2. Transition vessel.
3.
a. Structureless membrane still with some nuclei,
representative of the tunica adventitia. h. Nuclei of the muscular
fibre-cells,
c. Nuclei within the small artery, perhaps appertaining
to an endothelium, d. Nuclei in the transition vessels.

Smallest arterj-.
Piner capillaries,

and in other places, especially in the glands, the capillaries are
invested with retiform lymphatic tissue and again, in other situations, as the
pia mater of the brain and cord, and in the retina, the capillaries are invested with
larger ones

;

;

a sheath

composed

of a delicate epithelial

In the largest capillaries (which

membrane.

oiight,

perhaps, to be described rather as the

smallest arteries) there is, outside the epithelial layer, a muscular layer, consisting of contractile fibre-cells, arranged transversely, as in the tunica media of the
larger arteries

The

(fig. 62).

veins, like the arteries, are

and external

;

and these coats

to the coats of the arteries

;

composed

of three coats

— internal,

middle,

with the necessary modifications, analogous
the internal being the epithelial, the middle the
are,

muscular, and the external the connective or areolar.

The main

difference
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between the veins and the arteries is in the comparative weakness of the middle
coat of the former, and to this it is due that the veins do not stand open when
divided, as the arteries do, and that they are passive rather than active organs of
the circulation.
In the veins immediately above the capillaries the three coats are hardly to
be distinguished. The epithelium is supported on an outer membrane separable
into two layers, the outer of which is the thicker, and consists of a delicate,
nucleated membrane (adventitia), while the inner is composed of a network of
In the veins next above these in size (onelongitudinal elastic fibres (media).
fifth of .a line according to Kolliker) a muscular layer and a layer of circular
fibres can be traced, forming the middle coat, while the elastic and connective
elements of the outer coat become more distinctly perceptible. In the middleThe epithelium
sized veins the typical structure of these vessels becomes clear.
is of

the

same character as

in the arteries, but its cells are

more oval and

less

supported by a connective-tissue layer, consisting of a delicate
network of branched cells, and external to this is a layer of longitudinal elastic
This constitutes
fibres, but seldom any appeai-ance of a fenestrated membrane.
the internal coat. The middle coat is composed of a thick layer of connective
tissue with elastic fibres, intermixed, in some veins, with a transverse layer of
muscular fibres. The white fibrous element is in considerable excess, and the
elastic fibres are in much smaller proportion in the veins than in the arteries.
The outer coat consists of areolar tissue, as in the arteries, with longitudinal elastic
fibres.
In the largest veins the outer coat is from two to five times thicker than
the middle coat, and contains a large number of longitudinal muscular fibres.
This is most distinct in the inferior vena cava, especially at the termination of this
vein in the heart, in the trunks of the hepatic veins, in all the large trunks of the
vena portae, in the splenic, superior mesenteric, external iliac, renal and azygos
veins.
In the renal and portal veins it extends through the whole thickness of
the outer coat, but in the other veins mentioned a layer of connective and elastic
All the large veins which open
tissue is found external to the muscular fibres.
into the heart are covered for a short distance with a layer of striped muscular
Muscular tissue is wanting (i) in
tissue continued on to them from the heart.
the veins of the maternal part of the placenta
(2) in the v6nous sinuses of the
•dura mater and the veins of the pia mater of the brain and spinal cord
(3) in
the veins of the retina
(4) in the veins of the cancellous tissue of bones
(5) in
the venous spaces of the corpora cavernosa.
The veins of the above-mentioned
parts consist of an internal epithelial lining supported on one or more layers of
areolar tissue.
The internal and external jugular veins and the subclavian vein
are said to contain either no muscular fibres at all, or at all events only a slight
amount in their middle coat.
Most veins are provided with valves, which serve to prevent the reflux of the
blood.
They are formed b}^ a reduplication of the inner coat, strengthened by
connective tissue and elastic fibres, and are covered on both surfaces with epithelium, the arrangement of which differs on the two surfaces.
On the surface
of the valve next the wall of the vein, the cells are arranged transversely
whilst
on the other surface, over which the cu.rrent of blood flows, the cells are arranged
vertically in the direction of the current.
Their form is semilunar. They are
attached by their convex edge to the wall of the vein the concave margin is free,
directed in the course of the venous current, and lies in close apposition with the
wall of the vein as long as the current of blood takes its natural course if, however, any regurgitation takes place, the valves become distended, their opposed
edges are brought into contact, and the current is interrupted. Most commonly
two such valves are found placed opposite one another, more especially in the
smaller veins or in the larger trunks at the point where, they are joined by
smaller branches occasionally there are three and sometimes only one. The
wall of the vein on the cardiac side of the point of attachment of each segment
fusiform.

It is

—

;

;

;

;

;

;

;

;

of the valve

is

expanded into a pouch or

sinus,

which gives

to the vessel,

when

.

-
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The valves are very
injected or distended with blood, a knotted appearance.
numerous in the veins of the extremities, especially of the lower extremities,

They are
these vessels having to conduct the blood against the force of gravity.
Absent in the very small veins, i.e. those less than J.,- of an inch in diameter, also
in the venae cavae, the hepatic veins, portal vein and its branches, the renal,
A few valves are found in the spermatic veins, and
uterine, and ovarian veins.
one also at their point of junction with the renal vein and inferior vena cava
respectively. The cerebral and spinal veins, the veins of the cancellated tissue of
bone, the pulmonary veins, and the umbilical vein and its branches, are also
They are occasionally found, few in number, in the venie
destitute of valves.
and intercostal veins.
The veins are supplied "with nutrient vessels, vasa vasorum, like the arteries.
Nerves also are distributed to them in the same manner as to the arteries, but in

iizygos

much

less

abundance.

The lymphatic

term the lacteal vessels, which are
them, are composed of three coats. The internal is

vessels, including in this

identical in structure with

an epithelial and elastic coat.

It

is

thin, transparent,

slightly

elastic,

and

ruptures sooner than the other coats. It is composed of a layer of elongated
epithelial cells wath serrated margins, by which the adjacent cells are dovetailed
into one another.
These are supported on a single layer of longitudinal elastic
fibres.
The middle coat is composed of smooth muscular and fine elastic fibres,
The external, or fibro-areolar, coat consists
disposed in a transverse direction.
of filaments of connective tissue, intermixed with smooth muscular fibres, longitudinally or obliquely disposed. It forms
Fig. 63.- Transverse section through the
a protective covering to the other coats,
coats of the thoracic duct of man.
and serves to connect the vessel with the

....

neighbourmg structures.

„,

,

The above

scription applies only to the larger

phatics

;

Magnined 30

T

times,

de-

lym-

KrlTKlS^iSTj
^'

in the smaller vessels there is

'^^

i'^

no muscular or elastic coat, and their
structure consists only of a connective
tissue coat,

thoracic duct

lined
(fig.

by epithelium. The
somewhat more

6^) is a

complex structure than the other lym,,.
.^
^

Ti-ii

«.

Epithelium, striated lamellas, a)id inner elastic
Longitudinal connective tissue of the
I.

uoat.

presents a distinct submiddle coat. «. Transverse muscles of the same.
^^Tunk..^adventitia, with .^
epthehal layer of branched corpuscles,
similar to that found in the arteries, and
in the middle coat is a layer of connective tissue with its fibres arranged longitudinally. The lymphatics are supplied by nutrient vessels, which are distributed
to their outer and middle coats
but no nerves have at present been traced into
them.
piiatlCS

;

it

;

The lymphatics

are

very

generally provided with valves,

which

assist

materially in effecting the circulation of the fluid they contain.
These valves
are formed of a thin layer of fibrous tissue, lined on both surfaces by epithelium,

which presents the same arrangement upon the two surfaces as was described
in connection with the valves of veins.
Their form is semilunar
they are
attached by their convex edge to the sides of the vessel, the concave edge being
free and directed along the course of the contained current.
Usually two such
valves, of equal size, are found opposite one another but occasionally exceptions
occur, especially at or near the anastomoses of lymphatic vessels.
Thus, one
valve may be of very rudimentary size and the other increased in proportion.
The valves in the lymphatic vessels are placed at much shorter intervals than
in the veins.
They are most numerous near the lymphatic glands, and. they are
found more frequently in the lymphatics of the neck and upper extremity than in
the lower.
The wall of the lymphatics immediately above the point of attachment of each segment of a valve is expanded into a ]30uch or sinus, which give;^
to these vessels, when distended, the knotted or beaded appearance W'hich they
;

;
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Valves are wanting in the vessels composing the plexiforni network
which the lymphatics usually originate on the surface of the body.
present.

in

—

Origin of Lymphatics. The finest visible lymphatic vessels (lymphatic capilform a plexiform network in the tissues and organs, and they consist of a
single layer of epithelial plates, with more or less sinuous margins.
These vessels

laries)

commence

an intercommunicating system of clefts or spaces in the connecwhich have no complete epithelial lining.
They have been named the rootlets of the lymphatics, and are identical with
This then is
the spaces in which the connective-tissue corpuscles are contained.
properly regarded as one method of their commencement, where the lymphatic
vessels are apparently continuous with spaces in the connective tissue, and Klein
has described and figured a direct communication between these spaces and the
lymphatic vessel.* But the lymphatics have also
in

tissue of the different organs,

tive

Fig. 64.

— Stomata of serous
membranes.

other- modes of origin, for the intestinal lacteals
commence by closed extremities, though some

observers believe that the closed extremity is continuous with a minute network contained in the
substance of the villus, through which the lacteal

connected with the epithelial cells covering it.
Again, it seems now to be conclusively proved
that the serous membranes present stomata or
openings between the epithelial cells (fig. 64), by
which there is an open communication with the
lymphatic system and through which the lymph
is thought to be pumped by the alternate dilatation and contraction of the serous surface, due to
the movements of respiration and circulation,
so that the serous and synovial sacs may be
regarded, in a certain sense, as large lymph
cavities or sinuses. f
Von Recklinghausen was
the first to observe the passage of milk and other
coloured fluids through these stomata on the
peritoneal surface of the central tendon of the
diaphragm. Again, in most glandular structures
the lymphatic capillaries have a lacunar origin.
Here they begin in irregular clefts or spaces in
Epitlielium from the under .surface of
the tissue of the part occupying the penetrating
the centrum tendineum. of the rabbit.
Epithelium of the
a. stomata.
2.
connective tissue and surrounding the lacunae or
Stomata.
meiliastinum of the dog.
3. Section througli tlie pleura of the
tubules of the gland, and in many places separasame animal, b. Free orifices of short
ting the capillary network from the alveolus or
lateral passages of the lymph-canals.
(Copied fi-om Ludwig, Schweiggertubule, so that the interchange between the blood
Seydel and Dybkowsky.)
and the secreting cells of the part must be carried
on through this lymph-space or lacuna. Closely allied to this is the mode of
Sometimes a minute
origin of lymphatics in perivascular and perineural spaces.
artery may be seen to be ensheathed for a certain distance by a lymphatic capilThese are
lary vessel, which is often many times wider than a blood capillary.
known as perivascular lymphatics.
Terminations of Lymphatics. The lymphatics, including the lacteals, discharge their contents into the veins at two points namely, at the angles of
jugular veins
on the left side by means
j miction of the subclavian and internal
of the thoracic duct, and on the right side by the right lymphatic duct.
(See
description of lymphatics on a subsequent page.)
Lymphatic glands {conglobate glands) are small oval or bean-shaped bodies.
is

.

;

fl.

—

;

:

*

Atlas of Histology,

pi. viii. fig. xiv.

t The resemblance between lymph and sernni led Hewson long ago to regard the serouscavities as sacs into whicli the lymplaatics open,
Kecent microscopic discoveries confirm,
this opinion in a very interesting manner.
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situated in the course of lymphatic and lacteal vessels so that the lymph and
They generally present on
chyle pass through them on their way to the blood.
one side a slight depression the hilum through which the blood-vessels enter
The
and leave the interior.
efferent lymphatic vessel aiso
Fig. 65. Diagrammatic section of lymphatic
gland, showing the course of the lymph.
emerges from the gland at this
spot, while the afferent vessels
enter the organ at different parts
On section
of the periphery.

—

—

—

(fig.

65), a

lymphatic gland

dis-

plays two different structures
an external, of lighter colour
the cortical and an internal,
darker the medullary.
The
cortical structure does not form
a complete investment, but is
deficient at the hilum, where
the medullary portion reaches
:

—

the

;

—

surface of the gland

that the efferent vessel

is

;

so

Eff&f&iit. cieasei

MccLcUarif porUoct^

de-

rived directly from the medullary

empty themselves into the cortical substance.
Lymphatic glands consist of (i) a fibrous envelope, or capsule, from which a
framework of processes {trabecular) proceed inwards, dividing the gland into open
structure, while'the afferent vessels

Fig. 66.

—FolUcle from a Ij^mphatic gland

of the dog,

in vertical section.

—

Fig. 67. From the medullary
substance of an inguinal gland
of the ox.
(x\fter His.

a.

stretched
sustentacula!' substance of the more external portion,
of the most external and most finely
of the follicle, cl. Origin of a large
lymph-tube. e. Of a smaller one. /. Capsule, g. Septa, h. Vas
afEerens. i. Investing space of the follicle, with its retinacula. k.
One of the divisions of the septa. I J. Attachment of the lymph-tubes
to the septa.

«. Reticulai'

of the more internal, and e,
webbed part on the surface

6,

with

its

vessels.

&.

Lympli-tube,

system

of

complicated
Ketiuacula

between the tube and the
Portion of another lymph-

c.
septa,
tube. d. Septa.

spaces

(alveoli) freely communicating with each other; (2) a quantity of adenoid
occupying these spaces without completely filling them (3) a free supply
of blood-vessels, which are supported on the trabeculge.
and (4) the afferent and
efferent vessels.
Little is known of the nerves, though Kolliker describes some
fine nervous filaments passing into the hilum.
The capsule is composed of a layer of connective tissue, and from its internal

tissue

;

;

surface are given off a

number

of

membranous

septa or lamellae, consisting, in
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admixture of ujuscular lil)re-cells hut
lower animals composed almost entirely of involuntary muscular
fibre.
They pass inwards, radiating towards the centre of the gland, for a certain distance, that is to say, for about one-third or one-fourth of the space
They thus divide the
between the circumference and the centre of the gland

man,

in

of connective tissue, with a small

many

;

of the

outer part of

its interior

into a

number

of oval

compartments or

alveoli

(fig.

65).

After having penetrated into the
This is the cortical portion of the gland.
gland for some distance, these septa break up into a number of smaller
trabeculse, which form flattened bands or cords, interlacing with each other
in all directions, forming in the central part of the organ a number of intercommunicating spaces, also called alveoli. This is the medullary portion of the
gland, and the spaces or alveoli in it not only freely communicate with each
In these alveoli or spaces
other, but also with the alveoli of the cortical portion.
The gland(fig. 66) is contained the proper gland- substance or lymphoid tissue.
pulp does not, however, completely fill the alveolar spaces, but leaves, between
its outer margin and the trabeculae forming the alveoli, a channel or space of
uniform width throughout. This is termed the hjmpli-path or lymph-sinus (fig. 68).
Running across it are a number of trabeculas of retiform connective tissue, the
This tissue
fibres of which are, for the most part, covered l^y ramified cells.
appears to serve the piu-pose of maintaining the gland-pulp in the centre of the
space in its proper position.
On account of the peculiar arrangement of the framework of the organ, the
gland-pulp in the cortical portion is disposed in the form of nodules, and in the
medullary part in the form
of rounded cords.
It conFig. 68.— Section of lymphatic -gland tissue.
sists
of
ordinary
lymphoid
da
^
A
tissue, being made up of a
delicate reticulum of retitissue, which is continuous with that in the
lymph-paths, but marked

form

off

from

are closely

by a

it

reticulation

closer

meshes
packed lymph;

in its

corpuscles, traversed by a

dense plexus

of capillary

blood-vessels.

The

/^do^^^^
Trabeeulaj.

Small artery in substance of same. c. Lympli-paths.
Lymph-corpusoles. e. Capillary plexus.

b.

d.

afferent vessels, as

above stated, enter at all
parts of the periphery of
the

gland,

and

after

branching and forming a
dense plexus in the substance of the capsule open into the lymph-sinuses of the cortical part. In doing
this, they lose all their coats except their epithelial lining, which is continuous
with a layer of similar cells lining the lymph-paths. In like manner the efferent
vessel commences from the lymph-sinuses of the medullary portion.
The stream
of lymph carried to the gland by the afferent vessel thus passes through the
plexus in the capsule to the lymph-paths of the cortical portion, where it is
exposed to the action of the gland-pulp flowing through these it enters the
paths or sinuses of the medullary portion, and finally emerges from the hilum by
means of the efferent vessel. The stream of lymph in its passage through the
lymph-sinuses is much retarded by the presence of the reticulum. Hence morphological elements, either normal or morbid, are easily arrested and deposited
in the sinuses.
This is a matter of considerable importance in connection with
the subject of poisoned wounds and the absorption of the poison by the lymphatic
system, since by this means septic organisms carried along the lymphatic
;
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vessels may be arrested in the lymph-sinuses of the gland tissue, and thus be
prevented from entering the general circulation. The arteries of- the gland enter
iit the hilum and either pass at once to the gland-pulp, to break up into a capillary plexus, or else run along the trabeculae, partly to supply them and partly
running across the lymph-paths to assist in forming the capillary plexus of the
This plexus traverses the lymphoid tissue, but does not pass into
gland-pulp.
From it the veins commence and emerge from the oi-gan at
the Ivmph-sinuses.
tlie same place as that at which the artery enters.
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ITS
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The skin (fig. 69) is the principal seat of the sense of touch, and may be
regarded as a covering for the protection of the deeper tissues it is also an
important excretory and absorbing organ. It consists principally of a layer of
vascular tissue, named the derma, corium, or cutis vera, and an external covering
On the surface of the former layer
of epithelium, termed the ejndennis or cuticle.
and within, or embedded beneath it, are certain
are the sensitive ijapilke
organs with special functions, namely, the sweat-glands, liair-follicles, and
;

;

sebaceous glands.

The epidermis

or cuticle {scarf-skin)

the class of stratified epithelium

(fig. 70).

is

an epithelial structure belonging to
moulded on the papil-

It is accurately

lary layer of the derma.
It forms
a defensive
covering to the surface
of the true skin, and
limits the evaporation

gc,,^^ sectional view of the skin (magnified),

watery vapour from

of

free

its

surface.

varies in
different

It

thickness in
parts.

In

some situations, as in
the palms of the hands
and soles
it

-pj^,_

horny

of

[

or
Cuticle

the feet,
hard, and

may

This
be partly due to

the

fact

parts

=
~ Epid eruiis

•^'''''

VlUCOHHltl

thick,

is

superficial
layers

Derma
or
Cutis

in texture.

are

that

these

Fat cplh
Subcutaneous

exposed to

intermittent

pressure,

cellular

but that this is not the Fibrous
tissue
only cause is proved by

tissue

the fact that the condition exists to a very

considerable extent at
birth. The more superficial

layer

of

^Siveat

Sebaeeon
glands

5»

glands

cells,

called the horny layer

{stratum corneum) may
be separated by macer-

u nt

en

tag

ation from the deeper

which are called
mucosum,
and which consist of
layers,

the

rete

The free surface of the epidermis is
furrows of variable size, marking out the surface into a number of spaces of polygonal or lozenge-shaped form.
Some of
these furrows are large, as opposite the flexures of the joints, and correspond to

several layers of differently shaped cells.

marked by

a

network

of linear
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derma produced by

the folds in the

upon the back

of the

their movenients.
In other situations, as
hand, they are exceedingly fine, and intersect one another

upon the palmar surface of the hand and fingers, and upon
at various angles
the sole of the foot, these lines are very distinct, and are disposed in curves.
They depend upon the large size and peculiar arrangement of the papilliB upon
which the epidermis is placed. The deep surface of the epidermis is accurately
moulded upon the papillary layer of the derma, each papilla being invested ]:)y
;

so that when this layer is removed by maceration, it
its epidermic sheath
presents on its under surface a number of pits or depressions corresponding to
the elevations in the papillae, as well as the ridges left in the intervals between
them. Fine tubular prolongations are continued from this layer into the ducts
of the sudoriferous and sebaceous glands.
In structure, the epidermis consists of several layers of epithelial cells,
;

agglutinated together and having a laminated arrangement.
These several
may be descril^ed as composed of four different strata from within
outwards (i) the rete Maljnghii, composed of several layers of epithelial cells,
layers

:

is elongated in figure and placed perpendicularly
on the surface of the corium, their lower ends being denticulate, to fit into
while the succeeding laminae
corresponding denticulations of the true skin
consist of cells of a more rounded or polyhedral form, the contents of which

of

which the deepest layer

;

Fig. 70.

— Microscopic section
follicle

:

of skiu, showing the epidermis and derma
a hair in
pili muscle
sebaceous and sudoriferous glands.
:

the arrector

its

:

and soluble in acetic acid. They are often marked on
and furrows, and are covered with numerous fibrils, which

are soft, opaque, granular,
their surfaces withridges

connect the surfaces of the
(2)

Immediately superficial

cells,

cells

:

these are

known

s^s

prickle cells (see page 14).

to these is a single layer of flattened, spindle-shaped

the granular layer, w^hich contain granules that become deeply stained in

haematoxylin. They are supposed to be cells in a transitional stage between the
protoplasmic cells of the rete Malpighii and the horny cells of the superficial
layers.
(3) Above this layer, the cells become indistinct, and appear, in sections,

form a homogeneous or dimly striated membrane, composed of closely packed
which traces of a flattened nucleus may be found. It is called the
stratum lucidum. (4) As these cells successively approach the surface by the
development of fresh layers from beneath, they assume a flattened form-, from the
evaporation of their fluid contents, and consist of many layers of horny epithelial
These
scales in which no nucleus is discernible, forming the stratum corneum.
cells apparently become changed in their chemical composition, as they are now
The deepest layer of the rete Malpighii is separated
unaffected by acetic acid.
from the papillae by an apparently homogeneous basement-membrane, which is
most distinctly brought into view in specimens prepared with chloride of gold.
This, according to Klein, is merely the deepest portion of the epithelium, and is
to

scales, in

;
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made up of the basis of the individual cells, which have undergone a chemical
and morphological alteration.' The black colour of the skin in the negro, and
the tawny colour among some of the white races, is due to the presence of pigment in the cells of the cuticle. This pigment is more especially distinct in the
cells of the deeper layer, or rete mucosum, and is similar to that found in the
As the cells approach the surface and
cells of the pigmentary layer of the retina.
desiccate, the colour becomes partially lost.
The derma, corium, or cutis vera, is tough, flexible, and highly elastic, in
order to defend the parts beneath from violence.
It varies in thickness, from a quarter of a line to a line and a half, in different
Thus it is very thick in the palms of the hands and soles of
parts of the body.
the feet thicker on the posterior aspect of the body than the front, and on the
In the eyelids, scrotum, and penis it is
outer than the inner side of the limbs.
exceedingly thin and delicate. The skin generally is thicker in the male than in
the female, and in the adult than in the child.
The corium consists of fibrous connective tissue, with a varying amount of
elastic fibres and numerous blood-vessels, lymphatics, and nerves.
The fibroareolar tissue forms the framework of the cutis, and is differently arranged in
different parts, so that it is usual to describe it as consisting of two layers
the
deeper or reticular layer, and the superficial or iKipillary layer. Unstriped
muscular fibres are found in the superficial layers of the corium, wherever hairs
are found
and in the subcutaneous areolar tissue of the scrotum, penis, labia
majora of the female, and the nipples. In the latter situation the fibres are
arranged in bands, closely reticulated and disposed in superimposed laminae.
The reticular layer consists of strong interlacing fibrous bands, composed
'

;

:

;

some fil)res of
and connective-

chiefly of the white variety of fibrous tissue, but containing, also,

the yellow elastic tissue,

which vary

in

amount

in different parts,

which are often to be found flattened against the white fibrous
Towards the attached surface the fasciculi are large and coarse,and the areolae which are left by their interlacement are large, and occupied by
adipose tissue and sweat-glands. Below this the elements of the skin become
tissue corpuscles,

tissue bundles.

gradually blended with the subcutaneous areolar tissue, which, except in a few
situations, contains fat.
Towards the free surface the fasciculi are much finer,

and their mode

of interlacing close and intricate.
The papillary layer is situated upon the free surface of the reticular layer it
consists of numerous small, highly sensitive, and vascular eminences, thepapillcB,
which rise perpendicularly from its surface, and form the essential element of the
organ of touch. The papilla are conical-shaped eminences, having a round or
blunted extremity, occasionally divided into two or more parts and connected by
;

a thin base with the free surface
x^ of an inch, and they measure

Their average length is about
of an inch in diameter. On the
general surface of the body, more especially in those parts w^hich are endowed
with slight sensibility, they are few in number, short, exceedingly minute, and
irregularly scattered over the surface
but in some situations, as upon the palmar
of the corium.
at their base

iji-o

;

surface of the hands and fingers,

and around the
and arranged in

upon the plantar surface

of the feet

and

toes,

nipple, they are long, of large size, closely aggregated together,

forming the elevated ridges seen on the
In these ridges the larger papillae are arranged in
a double row, with smaller papillae between them
and these rows are subdivided
into small square-shaped spaces by short transverse furrows, regularly disposed
in the centre of each of these transverse furrows is the minute orifice of the duct
of a sweat-gland. No papillae exist in the grooves between the ridges.
In structure the papilla consist of very small and closely interlacing bundles of finely
fibrillated tissue, with a few elastic fibres.
The arteries supplying the skin form a network in the subcutaneous tissue,
from which branches are given off to supply the sweat-glands, the hair-follicles,
and the fat. Other branches are given off which form a plexus immediately
hcneath the corium from this, fine capillary vessels pass into the papillae,
parallel curved lines,

free surface of the epidermis.

;

;

'
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forming, in the smaller papillae, a single capillaiy loop, but in the larger, a moi'fe
There are numerous lyinphatica supplied to the skin,
which form two networks, superficial and deep, communicating with each other
or less convoluted vessel.

and with those

of the subcutaneous tissue by oblique branches.
They oiiginate in the cell-spaces of the tissue.
The nerves of the skin terminate partly in the epidermis and partly in the
cutis vera.
The former form a dense plexus in the superficial layer of the
corium, w^hich extends horizontally and gives off" numerous fibrils these are
;

prolonged into the epidermis and tei'minate between the cells in bulbous extremities
or, according to more recent observations, in the deep epithelial
The latter terminate in end-bulbs, touch-corpuscles, or
cells themselves.
Pacinian bodies, in the manner already described and, in addition to these,,
;

;

a considerable

number

are

of fibrils

distributed

to

supplied to the plain
to the muscular

and

muscular tissues
coat

the

of

the

hair-muscles (arrectores pili)
These are probably non-

blood-vessels.

medullated fibres.
The appendages of the skin are the
sebaceous glands, and their ducts.

The

of

hair-follicles, which
Other nerve-fibres are

the

are said to entwine the follicle in a circular manner.

nails,

the hairs, the sudoriferous

and

and hairs are peculiar modifications of the epidermis, consisting
same cellular structure as that tissue.
The nails are flattened, elastic structures of a horny texture, placed upon the
dorsal surface of the terminal phalanges of the fingers and toes.
Each nail is
convex on its outer surface, concave within, and is implanted by a portion, called
the root, into a groove in the skin the exposed portion is called the body, and
nails

essentially of the

;

the anterior extremity the free edge.
cutis, being accurately moulded upon
parts.

The

The
its

nail has a very firm adhesion to the

surface, as the epidermis

part of the cutis beneath the body

and root

in other

is

of the nail is called the

the part from which the nail is produced.
Corresponding
the matrix is thick, and covered wuth large, highly
vascular papillae, arranged in longitudinal rows, the colour of which is seen
through the transparent tissue. Behind this, near the root of the nail, the papillaeare small, less vascular, and have no regular aiTangement, and here the tissue of
the nail is somewhat more opaque hence this portion is of a whiter colour,,
and is called the lunula on account of its shape.
The cuticle, as it passes forwards on the dorsal surface of the finger or toe, is
attached to the surface of the nail, a little in advance of its root at the extremity
of the finger it is connected with the under surface of the nail a little behind its
free edge. The cuticle and horny substance of the nail (both epidermic structures)
matrix, because
to the

body

it is

of the

nail,

;

;

are thus directly continuous with each other.

The

nails, in structure, consist of

having a laminated arrangement, and these are essentially similar to those
composing the epidermis. The deepest layer of cells, which lie in contact with
the papillae of the matrix, are of elongated form, arranged perpendicularly to the
surface and provided with nuclei those which succeed them are of a rounded or
polygonal form, the more superficial ones becoming broad, thin, and flattened, and
so closely compacted as to make the limits of each cell very indistinct.
It is by
the successive growth of new cells at the root and under surface of the body of
the nail that it advances forwards and maintains a due thickness, whilst, at the
same time, the growth of the nail in the proper direction is secured. As these
cells in their turn become displaced by the growth of new cells, they assume a
cells

;

and finally become closely compacted together
horny texture. In chemical composition the nails resemble
According to Mulder, they contain a somewhat larger proportion of

flattened form, lose their nuclei,
into a firm, dense,

epidermis.

carbon and sulphur.

The hairs are peculiar modifications of the epidermis, and consist essentially
same structure as that membrane. They are found on nearly every part of

of the

the surface of the body, excepting the palms of the hands, soles of the

feet,

and
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and colour in different parts of
mankind. In some parts, as in the skin of the
they are so short as not to project beyond the follicles containing them

the penis.

the body
eyelids,

They vary much

ITS

and

in length, thickness,

in different races of

;

upon the

they are of considerable length again, in other
parts, as the eyelashes, the hairs of the pubic region, and the male whiskers and
The hairs generally present a
beard, they are remarkable for their thickness.
cylindrical or more or less flattened form and a reniform outline upon transverse
in other parts, as

scalp,

;

section.

A

hair consists of a root, the part implanted in the skin

the portion projecting

from

its

surface

;

and the

;

the

sliaft

or stem,

point.

The root of the hair presents at its extremity a bulbous enlargement, whicli is
whiter in colour and softer in texture than the shaft, and is lodged in a follicular
When the hair is of considerinvolution of the epidermis called the hair-follicle.
The hairable length the follicle extends into the subcutaneous cellular tissue.
follicle commences on the surface of the skin with a funnel-shaped opening, and
passes inwards in an oblique direction to become dilated at its deep extremity, to
correspond with the bulbous condition of the hair which it contains. It has
opening into it, near its free extremity, the orifices of the ducts of one or more
sebaceous glands (fig. 70). At the bottom of each hair-follicle is a small conical
vascular eminence or papilla, similar in every respect to those found upon the
surface of the skin it is continuous with the dermic layer of the follicle, is highly
;

and probably supplied with nervous fibrils; this is the part through
which material is supplied for the production and constant growth of the hair.
In structure the hair-follicle consists of two coats an outer or dermic, and an
vascular,

—

inner or epidermic.

The outer or dermic coat is formed mainly of fibrous tissue it is continuous
with the corium, is highly vascular, and supplied by numerous minute nervous
The
tilamei:its.
It consists of three layers (fig. 71).
most internal, next the cuticidar lining of the
Fig. 71.
Transverse section
of hair-follicle.
follicle, consists of a hyaline basement-membrane
having a glassy, transparent appearance, which is
well marked in the larger hair-follicles, but is not
M.
It is
ery distinct in the follicles of minute hairs.
;

—

continuous with the basement-membrane of the surExternal to this is a layer of
ace of the corium.
spindle-shaped cells, with oblong nuclei, arranged
in a circular manner around the follicle, but reaching only as high as the entrance of the ducts of the
sebaceous glands. Externally is a thick layer of
connective tissue, arranged in longitudinal bundles,
in which are contained the blood-vessels and nerves.
This is continuous above with the corium.
The inner or epidermic layer is closely adherent
to the root of the hair, so that when the hair is
plucked from its follicle this layer most commonly
adheres to it and forms what is called the rootheath.

two strata named respectively
and inner root-sheath the former of these

I

It consists of

the oioter

;

I

f

I

.

Dermic coat of follicle. 2. Epidormic
coat or root-sheath, a. Outer layer
of

dermic coat, with blood-vessels,

corresponds with the Malpighian layer of the epii, b. Vessels cut across,
c. Middle
layer,
luuer or hj'aline layer, e.
dermis, and resembles it in the rounded form and
Outer root-sheath. /, g. Inner rootsheath.
Cuticle of root-sheath.
soft character of its cells
at the bottom of the hairHair. (From Quaiu's Auatomj','
Jjiesiadecki.)
follicle these cells become continuous with those of
the root of the hair.
The inner root-sheath consists
of a delicate cuticle next the hair; then of one or two layers of horny, flattened,
nucleated cells, known as i?;<a;^0//'s layer; and finally of a single layer of nonnucleated, horny, cubical cells, called Henles layer.
The hair-follicle contains the root of the hair, which terminates in a bulbous
rf.

/(.

;

i.

'

E
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excavated so as to exactly lit the papilla from wliich it grows.
of polyhedral epithelial cells, which as they pass upwards
into the root of the hair become elongated and spindle-shaped, except some in
Some of these latter cells contain pigmentthe centre which remain polyhedral.
extremity, and

The bulb

is

is

composed

which give rise to the colour of the hair. It occasionally happens that
this
these pigment-granules completely fill the cells in the centre of the bulb
gives rise to the dark tract of pigment often found, of greater or less length, in
the axis of the hair.
The shaft of the hair consists of a central pith or medulla, the fibrous part of
the hair, and the cortex externally. The medulla occupies the centre of the shaft
and ceases towards the point of the hair. It is usually wanting in the fine hairs
granules,

;

covering the surface of the body, and commonly in those of the head. It is more
opaque and deeper coloured when view^ed by transmitted light than the fibrous
It is composed of rows of
part but when viewed by reflected light it is white.
polyhedral cells, which contain air-bubbles. The fibrous portion of the hair
its cells are elongated and unite to form
constitutes the chief part of the shaft
Betw^een the fibres are found minute spaces which
flattened fusiform fibres.
contain either pigment-granules in dark hair, or minute air-bubbles in white
hair. In addition to this there is also a diffused pigment contained in the fibres.
The cells which form the cortex of the hair consist of a single layer which surrounds those of the fibrous part they are converted into thin, flat scales, having
an imbricated arrangement.
Connected with the hair-follicles are minute bundles of involuntary muscular
They arise from the superficial layer of the
fibres, termed the arrectores pili.
corium, and are inserted into the outer surface of the hair-follicle, below the
entrance of the duct of the sebaceous gland. They are placed on the side towards
which the hair slopes, and by their action elevate the hair (fig. 70).
The sebaceous glands are small, sacculated, glandular organs, lodged in the
substance of the corium. They are found in most parts of the skin, but are
most abundant in the scalp and face they are also very numerous around the
apertures of the anus, nose, mouth, and external ear but are wanting in the
palms of the hands and soles of the feet. Each gland consists of a single duct,
more or less capacious, which terminates in a cluster of small secreting pouches
The sacculi connected with each duct vary, as a rule, in number
or saccules.
from two to five, but, in some instances, may be as many as twenty. They are
composed of a transparent, colourless membrane, enclosing a number of cells.
Of these, the outer layer or marginal cells are small, polyhedral, epithelial cells,
continuous with the lining cells of the duct. The remainder of the sac is filled
with larger cells, containing fat, except in the centre, where the cells have
become broken up, leaving a cavity containing their debris and a mass of
fatty matter, which constitutes the sebaceous secretion.
The orifices of the
ducts open most frequently into the hair-follicles, but occasionally upon the
general surface, as in the labia minora and the free margin of the lips. On the
nose and face the glands are of large size, distinctly lobulated, and often become
much enlarged from the accumulation of pent-up secretion. The largest
sebaceous glands are those found in the eyelids the Meibomian glands.
The sudoriferous or sweat glands are the organs by which a large portion of
the aqueous and gaseous materials are excreted by the skin.
They are found in
almost every part of this structure and are situated in small pits in the deep
parts of the corium, or, more frequently, in the subcutaneous areolar tissue,
surrounded by a quantity of adipose tissue. They are small, lobular, reddish
bodies, consisting of a single convoluted tube, from which the efferent duct
proceeds upwards through the corium and cuticle, becomes somewhat dilated at
its extremity, and opens on the surface of the cuticle by an oblique valve-like
aperture.
The efferent duct, as it passes through the epidermis, presents a
spiral arrangement, being twisted like a corkscrew, in those parts where the
epidermis is thick where, however, it is thin, the spiral arrangement does not
;

;

;

:

;

—

;
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In the superficial layers of the corium, the duct is straight, but in the
deeper layers it is convoluted or even twisted. The spiral coiu'se of these ducts
is especially distinct in the thick cuticle of the palm of the hand and sole of the
The size of the glands varies. They are especially large in those regions
foot.
where the amount of perspiration is great, as in the axillae, where they form a
thin, mammillated layer of a reddish colour, which corresponds exactly to the
they are large also in the groin. Their
situation of the hair in this region
number varies. They are most numerous on the palm of the hand, presenting,
according to Krause, 2,800 orifices on a square inch of the integument, and are
In both of these situations the
rather less numerous on the sole of the foot.
orifices of the ducts are exceedingly regular, and correspond to the small transIn other situations they
vei'se grooves which intersect the ridges of the papillae.
are more irregularly scattered, but in nearly equal numbers, over parts including
In the neck and back they are least numerous, their
the same extent of surface.
number amounting to 417 on the square inch (Ea-ause). Their total number is
estimated by the same writer at 2,381,248, and, supposing the apertiu'e of each
gland to represent a surface of Jg- of a line in diameter, he calculates that the
whole of these glands would present an evaporating surface of about eight square
Each gland consists of a single tube intricately convoluted, terminating
inches.
at one end by a blind extremity, and opening at the other end upon the surface
In the larger glands this single duct usually divides and subdivides
of the skin.
dichotomously the smaller ducts ultimately terminating in short caBcal poaches,
The wall of
rarely anastomosing.
the duct is thick, the width of the
Fig. 72.— Coiled tube of a sweat-gland cut in
canal rarely exceeding one third of
various directions.
its diameter.
The tube, both in the
gland and where it forms the excreexist.

;

;

—

two layers an
formed by fine areolar tissue,
an inner la3^er of epithelium.

tory duct, consists of
outer,

and

The external

or fibro-cellular coat

is

continuous with the superficial
layer of the corium, and extends only
as high as the surface of the true skin.
thin,

The

epithelial lining in the distal part

of the coiled tube of the gland proper

consists of a single layer of cubical

epithelium, supported on a basement-

membrane, and beneath it, between
the epithelium and the fibro-cellular

a.

Longitudinal section of the proximal part of the coiled
tube. b. Transverse section of the same. c. Longitudinal section of the distal part of the coiled tube. d.
Transverse section of the same. (From Klein and Noble

muscular fibres,
Smith's Atlas of Histologj'.')
arranged longitudinally. In the duct
and the proximal part of the coiled
tube of the gland proper there are two or more layers of polyhedral cells, lined on
their internal surface, i.e. next the lumen of the tube, by a delicate membrane or
cuticle, and on their outer surface by a limiting membrana propria, but there are
no muscular fibres. The epithelium is continuous wath the epidermis and with
the delicate internal cuticle w^hich is all that is present in the epidermic portion
of the tube.
When the cuticle is carefully removed from the surface of the cutis,
these convoluted tubes of epithelium may be drawn out and form short, threadlike processes on its under surface.
The contents of the smaller sweat-glands are quite fluid but in the larger
glands the contents are semi-fluid and opaque, and contain a number of coloured
granules and cells which appear analogous to epithelial cells.
coat, a layer of plain

'

;

+
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SEROUS MEMBRANES
The serous membranes form shut sacs and may he regarded as lymph-sacs,
which lymphatic vessels arise hy stomata or openings between the
The sac consists of one portion which is applied
epithelial cells (see page 58).
and another
to the walls of the cavity which it lines -the jjrtrzete/ portion
from

;

—

the
reflected over the surface of the organ or organs contained in the cavity
Sometimes the sac is arranged quite simply, as the tunica
visceral portion.
at others with numerous involutions or recesses, as the
testis
peritoneum, in which, nevertheless, the membrane can always be traced conThe sac is completely closed, so
tinuously around the whole circumference.
that no communication exists between the serous cavity and the parts in its
neighbourhood. An apparent exception exists in the peritoneum of the female
for the Fallopian tube opens freely into the peritoneal cavity in the dead subject
But this comso that a bristle can be passed from the one into the other.
munication is closed during life, except at the moment of the passage of the
ovum out of the ovary into the tube, as is proved by the fact that no interchange
of fluids ever takes place between the two cavities in dropsy of the peritoneum,
The serous membrane is
or in accumulation of fluid in the Fallopian tubes.*
often supported by a firm, fibrous layer, as is the case with the pericardium,
and such membranes are sometimes spoken of as fibro-serous.'
The various serous membranes are the peritoneum, lining the cavity of the
abdomen the two pleiirse and the pericardium, lining the lungs and heart reand the tunicas vaginales, surroiinding each testicle in the scrotum.
spectively
Serous membranes are thin, transparent, glistening structures, lined on their
inner surface by a single layer
Fig. 73.-"Part of peritoneal surface of the central tendon of polygonal or pavement epiof diaphragm of rabbit, prepared with nitrate of silver,
thelial cells, supported on a
matrix of fibrous connective
tissue, with netw^orks of fine
elastic fibres, in w^hich are contained numerous capillaries
and lymphatics. On the surface of the epithelium between
the cells numerous apertures
or interruptions are to be seen.
Some of these are stomata, sur-

vaginalis

;

;

'

;

;

.

rounded by a ring

of cubical

73), and
communicate with a lymphatic

epithelium

capillary

;

(see

fig.

others

{pseudosto-

mata) are mere interruptions
in

the

epithelial

layer,

and

are occupied by processes of

the branched connective-tissue
corpuscle of the subjacent tissue or by accumulations of the
s. Stomata.
Lymph-cliannel?.
Tendon-bundles. The stomata
ai-e surrounded by germinating epithelial cells.
(From 'Handintercellular cement-substance.
book for the Pliysiological Laboratory.' Klein.)
The secretion of these
membranes is, in most cases, only sufficient in quantity to moisten the surface,
but not to furnish any appreciable quantity of fluid. When a small quantity can
-r-

^\

I.

t.

* The communication between the uterine cavity and the peritoneal sac is not only
apparent in the dead subject, but is an anatomical fact, which is estabhshed by the continuity of its epithelium with that covering the uterus. Fallopian tubes, and fimbriae.
t The arachnoid membrane lining the brain and spinal cord was formerly regarded as
a serous membrane, but is now no longer classed with them, as it differs from them in
structure, and does not fonxi a shut sac as do the other serous membranes.

S
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he collected, it appears to resemble in many respects the lymph, and like that
but when secreted in large quantities, as in
Huid coagulates spontaneously
dropsy, it is a watery fluid, which gives a precipitate of albumen on boiling.
;

SYNOVIAL MEMBEANE
Synovial membranes, like serous membranes, are connective-tissue membranes placed between two movable tissues, so as to diminish friction, as between
between. a tendon
the two articular ends of the bones forming a movable joint
and between the skin
and a bone, where the former glides over the latter
and various subcutaneous bony prominences.
;

;

The synovial membranes are composed essentially of connective tissue, with
and fibres of that structure, containing numerous vessels and nerves.
It was formerly supposed that these membranes were analogous in structure
to the serous membranes, and consisted of a layer of flattened cells on a
basement-membrane. No such cells, however, exist, and the only ones found
the cells

on the surface are irregularly branched connective-tissue corpu.scles, similar to
Here and there these cells are collected
those found throughout the tissue.
in patches and present the appearance of epithehum, but do not possess the

They are surrounded and held
characters of an epithelial layer.
A further description of the
together by an albuminous ground-substance.
synovial membranes will be found in the descriptive anatomy of the joints.
true

MUCOUS MEMBEANE
Mucous membranes line all those passages by whicli the internal parts communicate with the exterior, and are continuous with the skin at the various oriThey are soft and velvety, and very vascular,
fices of the surface of the body.
and their surface is coated over by their secretion, mucus, which is of a
tenacious consistence, and serves to protect them from the foreign substances
introduced into the body with which they are brought in contact.
They are described as lining the two tracts the gastro-pulmonary and the
genito-urinary and all, or almost all, mucous membranes may be classed as
belonging to and continuous with the one or the other of these tracts.

—

;

The external surfaces of these membranes are attached to the parts which
they line by means of connective tissue, which is sometimes very abundant,
forming a loose and lax bed, so as to allow considerable movement of the
opposed surfaces on each other. It is then termed the suhinucous tissue. At
other times it is exceedingly scanty, and the membrane is closely connected
sometimes, for example, to muscle, as in the tongue
to the tissue beneath
sometimes to cartilage, as in the larynx and sometimes to bone, as in the
nasal fossae and sinuses of the skull.
;

;

In structiu'e a mucous membrane is composed of coriwm and epithelnmi.
The epithelium is of various forms, including the squamous, columnar, and
This epithelial
ciliated, and is often arranged in several layers (see fig. 11).
layer is supported by the corium, which is analogous to the derma of the
skin, and consists of connective tissue, either simply areolar, or containing a
This tissue is usually covered
greater or less quantity of lymphoid tissue.
on its external surface by a transparent structureless basement-membrane, and
It is only in some
internally merges into the submucous areolar tissue.
The corium is
situations that the basement-membrane can be demonstrated.
an exceedingly vascular membrane, containing a dense network of capillaries,
which lie immediately beneath the epithelium, and are derived from small
arteries in the submucous tissue.
The fibro-vascular layer of the corium contains, besides the areolar tissue
and vessels, unstriped muscle-cells, which form in many situations a definite

—
-
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These are situated in the deepest part
mucosce.
membrane, and are plentifully supplied with nerves. Other nerves pass
Lymphatic vessels are
to the epithelium and terminate between the cells.
found in great abundance, commencing either by caecal extremities or in networks, and communicating with plexuses in the submucous tissue.
Embedded in the mucous membrane are found numerous glands, and projecting from it are processes (villi and papillae) analogous to the papillae (jf
the skin. Thfese glands and processes, however, exist only at certain parts, and
it will be more convenient to defer their description to the sequel, wliere the
layer, called the 'Diuscularis
of the

parts are described as they occur.

SECRETING GLANDS
The

secreting glands are organs in which the blood, circulating in capillary

cells, whereby certain elements
out of the blood. The essential parts therefore of a
secreting gland are ceMs, which have the power of extracting from the blood
certain matters, and in some cases convertixig them into new chemical com-

vessels, is

brought into contact with epithelial

are separated

pounds

;

and

('

secreted

blood-vessels,

Fig. 74.

A.

')

Simple gland.

B.

by which the

Sacculated simple gland,

ship with these cells.

—

is

brought into close relation

— Diagrammatic plan of varieties of secreting glands.

F.

that

l^lood is

c.

Simple convoluted tubular gland.

Compound

D, e.

Racemose gland.

tubular gland.

The general arrangement

in all secreting structures

to say, not only in secreting glands, but also in secreting

membranes

that the cells are arranged on one surface of an extra-vascular basementmembrane, which supports them, and a minute plexus of capillary vessels
is

ramifies on the other surface of the membrane.
The cells then extract from
the blood certain constituents which pass through the membrane into the cells,
where they are prepared and elaborated. The basement-membrane does not
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however, always exist, and any free surface would appear to answer the same
purpose in some cases.
By the various modifications of this secreting surface the different glands
This is generally effected by an involution of the membrane in
are formed.
different ways, the object being to increase the extent of secreting surface within
a given bulk.
In the simplest form a single involution takes place, constituting a simple
gland this may be either in the form of an open tube (fig. 74, a), or the walls of
These are named
the tube may be dilated so as to form a saccule (fig. 74, b).
;

Or, instead of a short tube, the involution
be lengthened to a considerable extent, and then coiled up to occupy less
space. This constitutes the simple convoluted tubular gland, an example of which
may be seen in the sweat-glands of the skin (fig. 74, c).
If, instead of a single involution, secondary involutions take place from the

the simple tubular or saccular glands.

may

primary one, as in fig. 74, d and e, the gland is then termed a compound one.
These secondary involutions may assume either a saccular or tubular form, and so
constitute the two subdivisions
the compound saccular or racemose gland, and the
compound tubular. The racemose gland in its simplest form consists of a
primary involution w^hich forms a sort of duct, upon the extremity of which are
found a number of secondary involutions, called saccules or alveoli, as in
Brunner's glands (fig. 74, d). But, again, in other instances, the duct, instead

—

being simple, may divide into branches, and these again into other branches,
and so on each ultimate ramification terminating in a dilated cluster of saccules,
and thus we may have the secreting surface almost indefinitely extended, as in
the salivary glands (fig. 74, e).
In the compound tubular glands the division of
the primary duct takes place in the same way as in the i^acemose glands, but the
branches retain their tubular form, and do not terminate in saccular recesses, but
become greatly lengthened out (fig. 74, f). The best examples of this form of
gland are to be found in the kidney and testicle. All these varieties of glands
are produced by a more or less complicated involution of a secreting membrane,
and they are all identical in structure that is to say, the saccules or tubes, as
the case may be, are lined with cells, generally spheroidal or columnar in figure,
and on their outer surface is an intimate plexus of capillary vessels. The
secretion, whatever it may be, is eliminated by the cells from the blood, and is
poured into the saccule or tube, and so finds its way out through the primary
involution on to the free surface of the secreting membrane.
In addition, however, to these glands, which are formed by^an involution of the secreting membrane,
there are some few others which are formed by a protrusion of the same structure,
as in the vascular fringes of synovial membranes.
This form of secreting strucof

;

;

ture

is

not nearly so frequently met with.

ORIGIN AND DEVELOPMENT
OP THE BODY
THE OVUM
developed out of the ovum (fig. 75) when fertilised by the
is merely a simple nucleated cell, or collection of
protoplasm, and the spermatozoa disappear when they have accomplished their
mysterious function. All the complicated changes by which the various intricate
organs of the whole body are formed from one simple cell may be reduced t<
two general processes, viz. the segmentation or cleavage of cells, and their
The former process consists in the splitting of the nucleus and
diferentiation.
The
its investing cell-wall, whereby the original cell is represented by two.
differentiation of cells is a term used to describe that unknown power or tendency
impressed on cells which, to all methods of examination now known, seem absolutely identical, whereby they grow into different forms so that (to take the first
instance which occurs in the gi'owth of the embrvo) the indifferent cells of the

whole body
THEspermatozoa.

is

The ovum

>

;

Human ovum from

Fig. 76.

a
Fig. 75.

— Ovum of the sow.

middle-sized

follicle.

Magnified 350 times.

Zona jjellucida
Yelk.

Germinal

vesicle^

Discns jii'oligerus

Germinal sjmt

membrane or zona pellnExternal border of the yolk

a. Vitelline

cida.

6.

and internal border of the vitelline
membrane, c. Germinal vesicle and
germinal spot.

vascular area are differentiated, some of them into blood-globules, others into the
solid tissue which forms the blood-vessels.
The extreme complexity of the process of development renders it at all times difficult to describe intelligibly, and
still more so in a work like this, where adequate space and illustration can hardly
be afforded, having respect to the main pm-pose of the work. I can only hope to
render the leading features of the process tolerably plain, and must refer the reader
who wishes to follow the various changes more minutely to the special works on
the subject, and especially the work of Foster and Balfour. Many of the state-

ments which are accepted in human embryology are made only on the strength
experiments on the lower animals, direct observation on the human subject

of

being impossible.

The ovum is a small spheroidal body situated in immature Graafian vesicles
near their centre, but in the mature ones in contact with the membrana granulosa,*
at that part of the vesicle which projects from the surface of the ovary. The cells
of the membrana granulosa are accumulated round the ovum in greater number
See the description of the ovary at a future page.

THE OVUM
than

at

any other part

of the vesicle,
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forming a kind of granular zone, the discus

jjroligerus.

The human ovum

76) is

(fig.

extremely minute, measuring from

2^0" to jlj, of

an inch in diameter. It is a cell consisting externally of a transparent envelope,
the zona jjMucida or vitelline membrane. Within this, and in close contact with
embedded in the substance of the yolk is a small
it, is the yolk or vitellus
vesicular body, f he germinal vesicle {vesicle of Purkinje), the nucleus of the cell
and this contains as its nucleolus a small spot, the macula germinativa, or
;

;

germinal spot of Wagner.

The zona pellucida, or vitelline membrane, is a thick, colourless, transparent
membrane, which appears under the microscope as a radially striated memThe striae are
brane, bounded externally and internally by a dark outline.
believed to be minute pores, and are regarded as the channels by which
nutritive particles are admitted into the interior of the ovum and possibly the
way by which the spermatozoa gain access into the interior of the ovum,
follicle.
The presence of these striae has
given to the zona pellucida the name of zona radiata, or striated membrane of
The zona pellucida corresponds to the chorion of the impregnated
the ovum.

after the rupture of the Graafian

ovum.

The yolk consists of granular protoplasm, i.e. granules or globules of various
embedded in a finely reticulated n:iatrix. The smaller granules resemble
pigment the larger granules, which are in the greatest number at the periphery of the yolk, resemble fat-globules. In the human ovum the number of
granules is comparatively small. Before and immediately after fertilisation it
shows distinct movements of contraction and expansion.
The germinal vesicle consists of a fine, transparent, structureless membrane
containing a clear matrix, embedded in which is occasionally found a small
amount of nucleo-plasm (see p. 8). It is about -^^ of an inch in diameter, and
in immature ova lies nearly in the centre of the yolk
but as the ovum becomes
developed it approaches the surface, and enlarges much less rapidly than the
sizes,

;

;

volk.

The germinal spot occupies that part of the periphery of the germinal vesicle
which is nearest to the periphery of the yolk. It is opaque, of a yellow colour,
and finely granular in structure, measuring from ^^jVu ^o s^Vo o^ ^^ inch.
The phenomena attending the discharge of the ova from the Graafian vesicles,
since they belong as much or more to the ordinary function of the ovary than to
the general subject of the growth of the body, are described with the anatomy of
the ovaries on a subsequent page.
Either before its escape from the Graafian follicle or immediately after, the
ovum undergoes a peculiar change, which results in the formation of one or
more peculiar bodies, the polar globules of Robin, the origin of which has not
hitherto been known
and also with the formation of another body, which
appears to take a remarkable part in fecundation, and is named the female
pronucleus.'
The manner in which these bodies are developed from the germinal
;

'

usually before the rupture of the Graafian follicle, but
or ripe, a portion of the germinal vesicle is
protruded outside the yolk, but still remains within the vitelline membrane
this forms a small globular mass and constitutes the first polar globule.
After
a time, generally not till the ovum has entered the tube, a second protrusion of
a portion of the germinal vesicle takes place, and forms a second polar globule.
have thus about two-thirds of the germinal vesicle extruded from the yolk
and about one-third remaining behind, and at the ejection of each of these bodies
a visible shrinking of the yolk takes place.
The portion of the germinal vesicle
which remains behind recedes from the surface towards the centre of the yolk
and assumes a spherical form, and is now tern:ied the female pronucleus.' All
these changes, it must be understood, occur at each expulsion of an ovum, and
are quite independent of fecundation.

vesicle is briefly as follows
after the

:

ovum has become mature

;

We

'
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FEETILISATION AND EAELY CHANGES IN THE
The
appear

first

changes

to be as follows

in the
:

One

ovum which
or

OVUM

take place at the time of conception

more spermatozoa penetrate the ovum, and come

and with the portion of the germinal vesicle remainseems as if this normally occurs in the Fallopian tube,* but
it is possible that it sometimes occurs before the ovum has entered the tube, or
abnorafter it has passed thi'ough the tube and reached the cavity of the uterus
into contact with the yolk,

ing in the yolk.

It

;

even take place in the peritoneal cavity. One spermatozoon, more
advanced than the rest, becomes buried in the yolk, the tail disappears, and the
head, a sort of nuclear body, constitutes the male pronucleus.' This gradually
approaches the female pronucleus, which by this time is situated in the centre of
As soon as they come into contact they fuse into one, and form
the yolk.
together a new nucleus, and thus fecundation is effected (fig. 77).t It is believed
by most physiologists that one spermatozoon is sufficient for fecundation.
The first result of the fertilisation of the ovum is a cleavage or multiplication
of the yolk, which is first cleft into two masses, the germinal vesicle having pi-emally

it

may

'

FiG. 77. —Fertilisation of the ovuiu of an echinoderm.
3.

2..

spermatozoon, iit. pi: Male pronucleus. /. pi: Female pronucleus, i. Accession of a spei'matozoon to the periphery of tlie vitellus. 2. Its penetration. 3. Transformation of the head of the spermatozoon into the male
(From Quain's Anatomy,' Selenka.)
4, 5. Blencling of the male and female pronuclei.

pronucleus.

'

into two nuclei
so that it now consists of two separate masses
each containing a nucleus, situated within the original vitelline
membrane, which takes no part in this process of division. Then, each of these
two daughter elements divides in like manner, and thus four nucleated elements
are formed, and so on, until at length a mulberry-like agglomeration of nucleated
masses of protoplasm results (fig. 78).
These masses are sometimes termed

viously split

up

;

of protoplasm,

viteMine spheres.

The manner in which segmentation occurs is somewhat peculiar. The two
spheres resulting from the first cleavage are of unequal size. One, which for
the sake of distinction we will call the upper or epiblastic cell, is larger than the
other, the lower or hypoblastic cell.
And after they have divided three or four
times, the rate of cleavage in the spheres derived from the upper or epiblastic
segment becomes more rapid than in those derived from the lower or hypo* Many physiologists, as
Bischoff and Dr. M. Barry, taught that the ovum is fecundated in the ovary, but the reasoning of Dr. Allen Thomson appears very cogent in proving
that the usual spot at which the spermatozoa meet the ovum is in the tube, down which
it slowly travels to the uterus,
its course becoming surroimded by an albuminous
envelope derived from the walls of tlie tube.
t If the stiident refers to the development of the generative organs, he will find that
the ovum of the female and the spermatozoon of the male are derived from fundamentally
the same structures, and therefore their fusion is the union of two elements of very similar
morphological value.

m
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In addition to this, the spheres derived from the upper segment
blastic segment.
have a tendency to spread over and enclose those from the lower segment so
that by about the ninth or tenth division there is an external layer of spheres
derived from the primary upper or epiblastic segment surrounding and almost
enclosing a mass of spheres, which in consequence of their diminished rate of
;

Fig. 78.

—

Fii'st

stages of segmentation of a mammalian ovum
(From a drawing bj^ Allen Thomson.)

:

semi-diagrammatic.

Zona pellucida. p. yl. Polar globules. ec(. lOijiblastie cell. ent. Hypoblastic cell. a. Division into two spheres.
Stage of four spheres, c. Eight spheres, the epiblastic cells partially enclosing the hypoblastic cells. <l, e. Succeeding stages of segmentation, showing the more rapid division of the epiblastic cells and the enclosure of the
hypoblastic cells by them.

z.p.
b.

number and larger in size, derived from the primary lower
hypoblastic segment (fig. 79, a). Fluid collects between the two sets of
spheres, except at one part, where they remain in contact, and the ovum is converted into a sac, formed by a layer of spheres derived from the upper primary
cleavage are fewer in
or

Fig. 79.

ep. Epiblast.

— Ovimi of the rabbit at the end of the

hy. PrimitiTe hypoblast.

(From

process of segmentation.

Place where the epiblast has not yet
Balfour, after Ed. van Beneden.)

Up.

grown over the hypoblast.

segment and containing at one part another mass of spheres derived from the
lower primary segment (fig. 79, b). The inner cells are rather more granular
than the outer, beneath which they gradually spread, becoming applied over a
part of their inner surface in a single layer
so that the cavity is afterwards
enclosed in a double layer of cells. This complete investment does not, however.
;
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take place for

some

time, being generally not completed until after the niesoVjlasr

has begun to form.
destination of the outermost complete layer of splieres is, at
By some they are believed to be transitory and to graduall\
disappear in the course of the formation of the various layers of the blastodermic
membrane by others it is thought that they form the outer layer (epiblast) of

The ultimate

present, doubtful.

;

this

membrane.

and more general view, the ovum would
by (i) a layer of cells completely lining the
membrane, and (2) by a second layer internal to these and

Adopting the

latter

consist of a cavity surrounded
interior of the vitelline

partially lining the interior of the outer layer,
Fig. 8o.

— Ovum with the

derived from the segmentaThe double layer of cells is
called the 'blastodermic membrane,' the outer
layer being termed the epiblast,' and the inner

both sets of

germinal

area, seen in profile to show the
division of the blastodermic mem-

cells

tion of the yolk.

brane.

'

the

'

hypoblast.'

the
Blastodermic membrane.— At first
area of the blastodermic membrane, which
consists of both the inner and outer layers of
that is to say, when the
cells, is a small disc
;

I.

Vitelline

membrane.

minnl area.
is

4.

more

granular cells have only
spread foi- a short distance over the outer
This disc is called the germinal disc
ones.
or area germinativa, because in it the first
traces of the embryo are seen (fig. 80).
The first trace of the embryo appears as a
faint streak at the posterior end of the area
germinativa, called the primitive trace. After
inner

2. Blastoderm. 3. GerPlace where the blastx)derm

just diviileil into its t\yo layers.

or

the formation of the primitive trace, but previous to the appearance of the next parts of the embryo, presently to be
described, viz. the laminae dorsales and the notochord, the blastodermic membrane consists of only two layers, the epihlast and hypoblast, but after the formaThis is the mesotion of these structures a third layer makes its appearance.
As to the precise origin
blast, and is situated between the other two (fig. 81).
Fig. 81.

— Section across the anterior part of the medullary groove
the guinea-pig.

(By Schafer.

From

Quain's

'

of an early embryo of
Anatomy,' 1890.)

Folds of epililast rising up on either side of the middle line, and thus bouudiiig the medullary groove, mfj. Middle
of medullary groove, hy. Hypoblast, which is in contact with the medullary epiblast at the middle o£ the groove,
but is elsewhere separated from it by mesoblast, »», which lias burrowed forwards between the two primarj- layers.
A. cleft is seen in the mesoblast on either side
this is the commencement of the anterior part of the body-cavity.

fp.

;

According to some
formed entirely by proliferation of cells belonging to the epiblastic layer
according to others it is formed by a splitting of the hypoblast, or,
at all events, a differentiation of it into a central layer of mesoblastic cells and a
lower layer of hypoblastic cells. Or, what seems most probable, it is derived
mainly from the epiblast, the hypoblast taking a smaller and more subordinate
share in its formation. Bnt in whichever way this third stratum maybe formed,
of this third layer considerable difference of opinion exists.

embryologists

it is

;

the blastodermic

which used

membrane

eventually consists of three layers.

to be called the serous layer, but is

The

external,

now more commonly termed

the

BLASTODEEMIC MEMBEANE

FiCt.

.

82.*

— diagrams

to

show the development of the three layers
merabrane on transverse section.

77

of the blastodermic

Portion of tlie ovum with tin? zon:i pellucida and tlie germinal area, b c d e G. Different stages of development.
Umbilical vesicle. «. Amnion. /. Intestine, p. Peritoneal cavity, boxmded by the splanchno-pleural and
somato-pleural layers of mesohlast. i. Vitelline membrane. 2. External blastodermic layer. 3. Middle layer.
Medullary canal. 6. Epidermic lamiuse. 7. Lateral
5'.
4. Internal layer.
5. Medullary laminte and groove.
flexures of tlie amnion. 7'. The same almost in contact. 8. Internal epithelial layer of ohe amnion. 9. Epidermis
of the embryo. 10. Chorda dorsalis.
n. Vertebral laminas. 11. Protovertebris proper. 13. Muscular laminEe.
16. Cutaneous laminfe.
14. Lateral laminse.
15. Pibro-intestinal lamiufe.
17. Internal fibrous layer of the umbilical vesicle.
18. Muscular lamina; extending to meet the cutaneous.
19. External layer of the cutaneous laminre.
20. Internal layer of the same.
21. Mesentery.
22. Fibrous layer of the intestine.
!•'

«.

* The dotted lines indicate the parts belonging to the internal blastodermic layer ; the plain lines those belonging
middle; the interrupted lines those belonging to the external. Tlie embryo has been represented, in this and
the following diagram, lying on its back. The natural position is generally assumed to be the reverse.

to the
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Fig. 83.*

— Diagrams

to

on antero-posterior

A.

of the three blastodermic layers
section.

show the development

Portion of ovum with the vitelline membrane and germinal area, b c d e r. Various stages of development, g.
2'. Vesi2. External blastodermic layer.
in the uterus and formation of decidua.
i. Vitelline membrane.
cula serosa. 3. Middle blastodermic layer. 4. Internal layer. 5. Vestige of the future embryo. 6. Cephalic
flexure of the amnion. 7. Caudal flexure. 8. Spot where the amnion and vesicula serosa are continuous. 8'.
Posterior umbilicus, g. Cardiac cavity. 10. External fibrous layer of the umbilical vesicle. 11. External fibrous
12. Internal layer of the blastoderm forming the intestine.
13, 14. External layer of the
layer of the amnion.
allantois, extending to the inner surface of the vesicula serosa.
15. The same now completely applied to the inner
16. Umbilical cord.
18. Amnion.
19. Chorion.
20. Foetal
surf ace of the vesicula serosa.
17. Umbilical vessels.
placenta. 21. Mucous membrane of uterus. 22. Maternal placenta. 23. Decidua reflexa. 24. MusciUar wall of

Ovum

uterus.

The same note applies

to this as to the preceding diagram.

;;
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;

the internal, the

mucous
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layer, the hypoblast, or eiitoderiji

;

and the middle, which is now usually called the mesoblast, or mesoderm, but
which was formerly named the vascular layer.'
The epiblast is mainly concerned in the formation of the external cuticle and
It consists of cells of an epithelial character
the whole of the nervous system.
that is to say, cells of an irregular columnar shape, forming, for the most part, a
single stratum, but becoming more numerous and flattened at the germinal disc.
The epidermis of the body and all the involutions of the epidermis in the ducts
'

of superficial glands, as the

mammae,

as well as the brain, the spinal cord, the

eye, and ear, which are directly formed
from the brain, are developed from it. The external layer of the amnion is also
formed from the epiblast, and probably also a portion of the chorion.
The hypoblast is mainly concerned in forming the internal epithelium, viz.
that of the whole alimentary passages except the mouth and the anus (which
are formed by involutions of the epiblast) and the epithelium of all the glandular
organs which open into the intestinal tract, the epithelium of the trachea,
bronchial tubes and air sacs of the lungs the epithelium of the urinary organs
and of the thyroid and thymus glands. The hypoblast forms also the deeper
Its cells are epithelial and are at
layer of the umbilical vesicle and allantois.
first flattened, but subsequently become columnar and larger than those of the

nerves,

and the portions

of the nose,

;

;

epiblast.

All the rest of the embryo is formed from the mesoblast, viz. all the vascular
and locomotive system, the cutis, all the connective tissues, and the genito-urinary
organs, with the exception of the epithelium of the bladder and urethra, which
is developed from the hypoblast.
The vascular system of the foetus extends to
the yolk and the maternal parts along the umbilical vesicle and allantois, so that
the greater part of these bodies and the outer layer of the amnion are also
formed out of the mesoblast. The foetal portion of the placenta, being essentially
a vascular structure, is also developed from the mesoblast. Its cells are
irregular and branched and surrounded by a considerable amount of intercellular
fluid.
It may therefore be regarded as resembling more closely embryonic

connective tissue.

EMBEYO

FIEST EUDIMBNTS OP THE

The primitive trace alluded to above as appearing in the area germinativa, is
a very transitory structure, which marks the direction of the embryonic axis, and
is gradually lost in consequence of its place becoming occupied by the rudimentary spinal column (figs. 82 and 83).
The first real approach towards a definite form in the embryo is made (i) by
"the development of the rudimentary spinal column
(2) by the cleavage of the
middle layer of the blastodermic membrane from which a part of that column is
derived and (3) by the incurvation of the column at its cephalic end to form the
brain and brain-case.
First, a folding up of the cells of the epiblast or outer layer takes place. This
commences in the anterior part of the area germinativa and extends in the same
direction as the primitive trace, gradually occupying its position until this latter
is lost at the caudal extremity of the embryo (fig. 84).
This folding up of the
epiblast gives rise to a longitudinal groove down its centre, in consequence of
the manner in which the cells of the epiblast are heaped up into two longitudinal
ridges, with a furrow between them, so that the sides and base of the groove are
formed of epiblastic cells (fig. 85, a). The mesoblast, lying between the epiblast
and hypoblast, fills up the space thus caused between these two layers, so that
the sides of the groove are occupied by a longitudinal thickening of mesoblast
the two masses being separated at the bottom of the groove by the junction of
the epiblast and hypoblast at the situation of the primitive trace.
The groove
becomes deeper and deeper in consequence of the further growing up of the cells
;

;
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to

form the ridge on either

side.

In this way the ridges eventually hecome two

which finally, bending over the
groove, coalesce and thus form a closed tube, the neural canal, lined by epiblast
and having a covering of the same membrane (fig. 85). These layers of epiblast
are at first in contact wnth one another, but eventually become separated, mesoplates, the lamince dorsales or medullari/ plates,

growing up between them and the line of coalescence becomes
The coalescence first takes place in the middle of the eml)ryo, then
towards the cephalic end, and lastly at the caudal extremity. The lining of this
blastic structures

obliterated.

is developed into the nervous centres, the covering into the epidermis of the
back and head. The cephalic extremity of the neural canal is soon seen to be
more dilated than the rest, and to present constrictions dividing it imperfectly

tube

Fig.

85.

— Transverse

sections

embryo chick
and some time after

through

Fig. 84.

— Embryonic area
at the

of the

ovum

the

before
the closure of the meduUarjcanal, to show the upward and
downward inflections of tlie
of a rabbit

blastoderm.

(x\fter

seventh dav.

Remak.)

^—3

A.

At tl\e end of the first day. i. Xotn2.
Primitive groove in the
medullary canal. 3. Edge of the dorsal
lamina. ^. Corneous laj-er or epiblast.
5. Mesoblast divided in its inner part.
6.
Hypoblast or epithelial layer. 7.
chord.

Section of protovertebral plate. B. On
the third day in the lumbar region.
I.

iSlotoohord in its sheath.

2.

Medul-

lary canal now closed in. 3. Section of
the medullary substance of the spinal

Embryonic areu. o, o. Kegiou of the Islastodermie vesicle
immediately surroiindiug the embryonic area. pr. Primitive
streak. //. Medullary groove. (From Kiilliker.)

citj.

cord.

4.

Corneous layer.

5.

Somato-

pleure of the mesoblast. 5'. Splanchnopleure (one figure is placed in the
pleuro-peritoneal cavity). 6. Layers of
hypoblast in the intestines spreading
also over the yolk. 4x5. Part of the
fold of the amnion formed by epiblast
and somatopleure.

chambers the brain is developed from this dilated portion the spinal
cord takes its origin from the remainder of the tube. Below the neural canal,
the hypoblast and epiblast are in contact, separating the two longitudinal
thickenings of mesoblast on either side of the canal. Here a thickening of the
hypoblast, commencing from the anterior end of the primitive trace, takes place
and gradually separates itself off from the hjnpoblast, so as to form a rod-like
column, lying between the hypoblast and the epiblast, beneath the neural
This is known as the notocliord or chorda dorsaUs. This, Avhen fully
canal.
developed, is composed of clear epithelium -like cells enclosed in a sheath of
homogeneous substance. It is essentially an embryonic structure, though traces
of it remain in the centre of the intervertebral discs throughout life. The collection of mesoblastic cells, which forms a thick longitudinal column on either side

into three

:

;

;
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becomes separated from the rest of the mesoblastic layer.
undergoes a series of transverse segmentations and becomes converted into a
row of well-defined, dark, square segments or masses, separated by clear, transof the neural canal,
It

They first make
verse intervals, called the protovertebrce^ or mesoblastic somites.
their appearance in the region which afterwards becomes the neck, then further
forwards towards the head, and afterwards extend along the body. These bodies,
as will be explained hereafter, are not the same as the permanent vertebrae, but
they are differentiated, partly into the vertebrae and partly into the muscles and
On either side of the protovertebrae the mesoblast splits into two
true skin.
layers, the upper, or that covered by epiblast, is called somatopleure, and the
lower, lined by h\^oblast, the splanchnopleiLre (fig. 85, b, 5-5').
From the
former the skeleton muscles and true skin of the external parts of the body are
derived, from the latter the muscular and other mesoblastic portions of the viscera.
The space between them is the common pleuro -peritoneal cavity. Whilst the
parietes of the body are still unclosed, this common pleuro-peritoneal cavity is
continuous with the space between the amnion and chorion, as seen in fig. 82, f.
The embryo, which at first seems to be a mere streak, extends longitudi-

and laterally. As it
grows forward the cephalic end becomes remarkon itself
ably
curved
nally

Fig.

!

—Diagrammatic

mammal

^^j)JL\

flexure), owing
growth forwards of

(cephalic
to the

section tlirough the ovum of a
in the Ions: axis of the embryo.

the anterior extremity of
the

embryo over the

blas-

todermic

membrane

front of

thus causing a

it,

dipping

derm

in

down of the blasto-

in

front

of

the

A. smaller
neural canal.
but similar folding-over
takes place at its hinder
end (caudal flexure). At
the same time the sides

of the

embryo grow and

curve towards each other
so that the embryo is aptly
compared to a canoe
turned over (fig. 86). In

consequence

of

this

in-

^'r^TYAf^

curving of the embryo,
The cephalic and caudal portions of the
The crauio-vertebral axis,
primitiTe alimentary canal, a. The amnion. «'. The point of reflection
both in an antero-posterior
into the fal* amnion, r. Yolk-sac, communicating ^^-ith the middle part
the vitello-intestinal duct. u. The aUantois. The
of the intestine by v
and a lateral direction, the
ovum is surrounded externally by the villous chorion.
original yolk, with the
three layers derived from
the cleavage of the blastodermic membrane which cover it, is converted into a sort of
hour-glass shape with two unequal globes. The smaller globe is formed by the part
of the blastodermic membrane (area germinativa) which has already undergone
certain changes in the formation of the embryo, and constitutes the part which
has been compared to a canoe. The larger globe is called the yolk-sac or umbilical vesicle, and is formed by the rest of the blastodermic membrane, i.e. that
The
part which is not concerned in the formation of the area germinativa.
two freely communicate through the constriction which is the site of the future
umbilicus, and through this constriction the internal layer of the blastodermic
membrane (the hj'^Doblast) and the innermost of the two layers into which
the mesoblast divides, viz. the splanchnopleure, pass out the incurving having
only involved the somatopleural layer of the mesoblast and the epiblast
i, i.

i,

;

-

G
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The umbilical vesicle is, therefore, at first a mere part of the
87).
general cavity of the yolk, partly enclosed by the embryo
but as the latter
grows round on all sides towards the umbilical aperture, the yolk becomes
distinguished into two portions.
One lies inside the embryo and eventually
(fig.

;

forms a part of the intestinal cavity (out of which

also, as will hereafter be seen,
The other lies external to the embryo and remains
developed).
therefore for a time a part of what is, in a moire restricted sense, the ovum.
The two parts are almost separated from each other by the meeting of the

the bladder

is

abdominal walls of the embryo at the umbilicus, through which they still
communicate by a passage, the omphalo-mesenteric duct, the destination of
which will be pointed out presently. The extra-embryonic portion is of small
importance and very temporary duration in the human subject. It is for the
purpose of supplying nutrition to the embrj^o during the very earliest period,
before it can obtain it from the uterine sinuses of the mother.
In the oviparous
animals, however, where no supply of nutrition can be obtained from the mother,
Fig. 87.- -Diagrammatic section of embryo, showing the formation of
the umbilical vesicle.

Hijjwblast

Splanclmopleure
Epihlast

Sp lanchnop leure

— Somatoplenre
-f-

Pleuro-peritoneal cavity

Notochord-

Neural canal

since the egg is entirely separated from her, the yolk-sac is large and of great
importance, as it supphes nutrition to the chick during the whole of foetation.
Vessels developed in the middle blastodermic layer soon cover the umbiHcal
vesicle, forming the vascular area, the chief vessels of w-hich are the omphalomesenteric, two in number (fig. 88).
The vessels of this area appear to absorb
the fluid of the umbilical vesicle, which as the fluid is absorbed dries up and has
no further function. The activity of the umbilical vesicle ceases about the fifth
or sixth week, at the same time that the allantois, which is the great bond of

vascular connection between the embryo and the uterine tissues, is formed. In
the umbilical vesicle provides for the nutrition of the fcetus from the ovum
itself, while the allantois is the channel whereby it is nourished from the uterine
fact,

tissues.

The umbilical

the fourth or

fifth

vesicle, containing fluid,

month, with

remains

visible,

The latter vessels become
which they are connected ceases.
So far we have traced— (i) the segmentation or cleavage

number

however, up

to

pedicle and the omphalo-mesenteric vessels.
atrophied as the functional activity of the body with
its

of nucleated cells—' vitelhne spheres.

'

(2)

of the yolk into a

The accumulation

of fluid

within the ovum, and the arrangem^ent of the vitelhne spheres around the fluid
on the internal surface of the vitelhne membrane, forming a second membrane,
the blastodermic membrane.'
(3) The separation of the blastodermic membrane
'
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into three layers,

and the
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named, from within outwards, the hypoblast, the mesoblast,'
(4) The formation of an elongated, oval-shaped disc, called
'

'

'epiblast.'

the area germinativa.'
(5) The appearance in the centre of
nativa of a delicate line or furrow, running longitudinally,
primitive trace.'
(6) The formation of a distinct groove in the
primitive trace, caused by the growing-up of the cells on either
'

'

the area germi-

and called the
situation of this
side of

it,

so as

form two longitudinal ridges, called the laminae dorsales.' (7) The increase
and incurvation of these laminse dorsales, until they meet behind, enclosing a
The canal is the neural canal, and from the epiblast
canal, lined by epiblast.
which lines it the nervous centres are developed. (8) The formation, in the
hypoblast immediately under this canal, of a continuous rod-shaped body, the
to

'

Fig. 88.

— Magnified view of the human embryo of fonr weeks, with the
membranes opened.

y.

(From Leishniann

after Coste.)

The umbilical vosiole with tlie omphalo-meseuteric vessels, v, and its long tubular attachment to the intestine,
c. The villi of the chorion,
m. The amnion opened, u. Cul-de-sac of the allantois, and on each side of this the
umbilical vessels passing out to the chorion. In the embryo
e. The ear-vesicle,
h. The heart.
I. The
«. The eye.
liver.
0. The upper
p, the lower limb, ii: Wolffian body, in front of which are the naesentery and fold of
intestine. The Wolffian duct and tu)ies are not represented.
:

;

'

chorda dorsalis

'

or

'

The formation from the mesoblast, on
column, divided into a number of
protovertebrge.'
(10) The splitting of the mesoblast,

notochord.'

(9)

either side of the notochord, of a longitudinal

square segments, the
external to the protovertebrse, into
'

—

two layers the outer, called the somatoby the epiblast the inner, called the splanchnopleure,'
lined internally by the hypoblast, a space being left between the two, which
forms the pleuro-peritoneal cavity.'
(11) The curving of the embryo on itself,
both longitudinally and laterally, so as to be comparable to a canoe
the walls
being formed of all three layers of the blastodermic membrane and the well of
ihe canoe
that is, the body-cavity of the embryo, opening into the cavity of the
yolk-sac.
(12) A portion of the yolk-sac lying in the body-cavity of the embryo,
md a portion outside it the two communicating by a duct, the omphalopleure,' lined externally

'

'

;

'

;

'

—

'

;

—

;
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mesenteric duct. The portion of the yolk-sac external to the iDody-cavity is
termed the umbilical vesicle, and provides nutrition to the embryo until such time
as the allantois is formed; vessels, developed from the middle blastodermic layer,
ramifying over it, and gradually absorbing i,ts contents.*
'

FORMATION OF MEMBEANES
The membranes investing the foetus are the amnion, the chorion, and the
The two former are developed from foetal structures, and are proper to

decidua.

the fcetus

;

the latter

structu.res.

is

formed

in the uterus,

and

is

derived from the maternal

— The

amnion is the membrane which immediately surrounds
small size at first, but increases considerably towtirds the
middle of pregnancy, as the foetus acquires the power of independent movement.
It exists only in reptiles, birds, and mammals, w-hich are hence called Amniota,
but is absent in amphibia and fishes. It is formed thus. At or near the
The Amnion.

the emlDryo.

It is of

'

—

Diagraui of a transverse section of a mammalian embryo, showing the mode of
formation of the amnion. The amniotic folds have nearly nnited in the raiddle hne.
(From Quain's 'Anatomy,' vol. i. pt. i. 1890.)

Fig. 89.

false ocmmUnz^ co' c7zoru37^»

villi'

0/

Epiblast, blue

;

mesoblast, red

extremities of the incurved foetus

;

— that

hypoblast and notochord, black.

is to

say, at the point of constriction of

membrane, w^here the portion which has undergone changes to
form the body of the embryo joins the part devoted to the formation of the
umbilical vesicle an inflection of the epiblast and outer layer of the mesoblast,
which have become separated from the inner layer of the mesoblast and hypoblast by the formation of the pleuro-peritoneal cavity, takes place (tig. 82, d 7).
These inflections or backward folds commence first at the cephalic extremity,
and subsequently at the caudal end and sides, and deepen more and more, in
consequence of the sinking of the embryo into the blastodermic vesicle, until,
gradually approaching, they meet one another (fig. 82, e 7, and 89). After they
come in contact they fuse together, and the septum between them disappears
so that the inner layer of the cephalic fold becomes continuous wdth the inner
layer of the caudal fold, and the outer with the outer (fig. 82, f 7').
Thus we
have two membranes, one formed by the inner layer of -the fold the true amnion
which encloses a space over the back of the embryo the amniotic cavity

the blastodermic

—

—

—

*

According to Professor John A. Ryder,

of nutriment is supplied to the

it is

'

very doubtful

embryo from the yolk-sac

at

if

any

any considerable amount
time.'

;

THE CHOEION
(fig.

F and

S2,

outer layer

G, a)
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the liquor avinii*
— containing a clear
—the false amnion— lines the internal

The

fluid,

the fold

of

original vitelline

Between the two

membrane.

an

is

interval,

other, the

surface

which

of

the

of course

communicates with the pleuro-peritoneal cavity. This it continues to do until the
body- walls of the embryo have gro^^^.l up and coalesced at the umbilicus. Then
the amniotic fold is carried downwards, and encloses the umbilical cord, by
which the foetus is attached to the placenta. The true amnion or, as it is
usualty called, the amnion is formed of two layers, derived respectively from
The one from the
the epiblast and from the parietal laj^er of the mesoblast.
the other, from the mesoblast, has a fibrous
epiblast consists of nucleated cells
at all events, it
and, according to some embryologists, a muscular structure
In some animals this
possesses the power of rhythmic contraction during life.

—

—

;

;

layer is vascular.

The amnion is at first in close contact with the surface of the body of the
embryo, but about the fourth or fifth week fluid begins to accumulate, and thus
The quantity steadily increases up to about the sixth month
separates the two.
The use of the liquor amnii
of pregnancy, after which it diminishes somewhat.
is believed to be chiefly to allow of the movements of the foetus in the later stages
of pregnancy, though it no doubt serves other purposes also.
It contains about
one per cent, of solid matter, chiefly albumen, with traces of urea, the latter
probably derived from the urinary secretion of the foetus.
The Chorion. The chorion is rather a complex membrane made up essentially
of two parts
first, of the membranes of the ovum external to the pleuro-

—

—
peritoneal cavity — that
:

is to

say, of the vitelline

membrane and

false

amnion

and, secondly, of a diverticulum of those layers of the original blastodermic

membrane which
is

are internal to the pleuro-peritoneal cavity.

This diverticulum

called the allantois.

formed from the r,ienibranes of the ovum
We have seen that in the formation of
the amnion we had two layers formed out of a reduplication of the epiblast and
outer layer of the mesoblast
one the true amnion which surrounds the
embryo and encloses a cavity between it and the embryo the amniotic cavity
and secondly, the false amnion, which hes in apposition with the internal surface
of the vitelline membrane, and forms a complete covering to the ovum and its
contents and that between these two layers there is a space (which must not
be confounded with the amniotic cavity) which communicates with the pleuro1.

The portion of the chorion lohich

external

to the

is

pleuro-'peritoneal cavity.

:

—

—
—

;

;

space, and, according to Dalton, contains a semi-fluid, gelatinous

peritoneal

At a very early period of gestation cellular processes or fringes grow
outwards from the external surface of the false amnion, which have been
Likened by Dalton to tufts of seaweed.
They are at first destitute of vessels, and
are of simple cellular structure.
These fringes, or villi, as they subsequently
become, cover at first the whole surface of the chorion but as development
progresses and the placenta, by which the extent of the attachment of the ovum
material.

;

.

to the uterine walls

is

to be limited, is about to be

formed, the

villi

are not

further developed over the rest of the chorion, but are confined to that part only

which

is

to

recognised

They may, however, be
foetal portion of the placenta.
over the chorion, as abortive processes, during the whole of foetal

form the

all

gestation.

—

2. The Allantois.
This structure is derived from the layers of the blastodermic membrane which are internal to the pleuro-peritoneal space, being formed
by the projection of a hollow bud of that part of the hypoblast and splanchno-

* The student should be careful not to confound this cavity with that formed between
the true and false amnion, which communicates with the pleuro-peritoneal cavity of the
embryo. This latter space ought with more propriety to be called the amniotic cavity,'
since it is contained between the layers of the amnion whereas the so-called amniotic
cavity is not really between the layers of the amnion at all, but between the inner layer
of the amnion and the body of the embryo.
'

;
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pleure which

have before

is

contained in the body-cavity of the embryo, and which, as we

stated, is intended for the formation of the intestinal canal

(fig.

86, u).

extends into and through the pleuro-peritoneal space, into the cavity between
the true and false amnion, until it meets the latter, over the internal surface of
which it spreads. In this diverticulum two arteries and two veins, the allantoic
The arteries are in the first instance branches of the two
vessels, are developed.
primary divisions of the abdominal aorta, but subsequently, when the two aortas
The veins join the
coalesce, they become branches of the h}^ogastric arteries.
veins of the yolk-sac, and form the umbilical veins. When the allantois meets
the chorion, branches from these allantoic vessels permeate the cellular tufts or
fringes which have been described as growing from the outer surface of the false
amnion and convert them into villi, and these eventually form the foetal portion
The allantois is the chief agent of the early cirof the placenta* (fig. 88, c).
culation, for it is the duct or tract along which the vessels extend which convey
the blood of the embryo to the foetal chorion, where it is exposed to the influence
of the maternal blood circulating in the decidua or uterine portion of the placenta,
from which it imbibes the materials of nutrition, and to which it gives up effete
In some
materials, the removal of which is necessary for its purification.
animals the allantois is a hollow projection and is usually styled the allantoic
vesicle; but in most mammals, and especially in man, the external or mesoblastic
element undergoes great development, while the internal or hypoblastic element
undergoes little increase beyond the body of the embryo, so that it is very doubtful whether any cavity exists in the allantois beyond the limits of the umbilicus,
or whether it does not rather consist of a solid mass of material derived from the
mesoblastic tissue. f A portion of the allantoic vesicle loithin the body-cavity is
eventually destined to form the bladder, while the remainder forms an impervious
cord, the urachus, stretching from the summit of the bladder to the umbilicus.
The part external to the foetus forms the umbilical cord, by which the foetus is
connected with the villi of the chorion, and which eventually form the foetal
It

portion of the placenta.

—

The Decidua. The growth of the chorion and placenta can only be understood
by tracing the formation of the decidua.
H
The decidua (figs. 83 G, 90) is formed from the mucous membrane of the

Even before the arrival of the fecundated ovum in the uterus, the
mucous membrane of the latter becomes vascular and tumid, and when the ovum
has reached the uterus it becomes embedded in the folds of the mucous membrane, which grow up around it and finally completely encu-cle it, so as to cover
it in entirely and exclude it from the uterine cavity.
Thus two portions of the
uterine mucous membrane (decidua) are formed, viz. that which coats the
muscvilar wall of the uterus, decidua vera, and that which is in contact with the
ovum, decidua refiexa. The decidua vera at the os internum and at the open-

uterus.

ings of the Fallopian tubes is continuous with the lining membrane of these
canals, the thickening of the original mucous membrane of the uterus which
converts it into decidua abruptly ceasing at these points. The neck of the uterus

by a plug of mucus. The decidua vera is perforated
by the openings formed by the enlarged uterine glands, which become much
hypertrophied and developed into tortuous tubes. It contains at a later period
numerous arteries and venous channels, continuous with the uterine sinuses, and
it is from it that the uterine part of the placenta is developed.
The portion of
after conception is closed

In some animals, some of the vessels of the villi of the chorion are derived from the
is from the omphalo-mesenteric vessels.
t Indeed, it would appear, from the researches of His, that in the human embryo not
only is the allantois formed unusually early, as is admitted by all, but in an altogether
exceptional manner, not consisting of an outgrowth from the portion of the splanchnopleure engaged in the formation of the alimentary canal, but being present from the
very earliest period as a stalk connecting the posterior extremity of the embryo with the
*

yolk-sac, that

chorion.
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the decidua vera which takes part in the formation of the placenta
deciclua

serotma

(fig.

is

called the

90,/).

Here the greater part of the glands disappear, only a small portion of the
deeper part of the tubes which are imbedded in the uterine muscular coat remaining, and the whole of this portion of the decidua, except a thin layer next the
uterine wall, becomes converted
Fig. 90.
Sectional plan of the gravid uterus in
into a series of vascular spaces or
the third and fourth month.
(From Wagner.)
sinuses, which freely communicate

—

This constitutes

with each other.

the maternal portion of the placenta.

The decidua
on

shaggy
smooth
which it con-

reflexa

is

outer aspect, but

its

The

within.

vessels,

disappear after about
About the fifth
or six month the space between
the two layers of the decidua disappears, and towards the end of
pregnancy the decidua reflexa is
transformed into a thin yellowish
membrane, which constitutes the
external envelope of the ovum.
Much additional interest has
been given to the physiology of the
decidua by the fact, which seems
to be now established by the researches of Sir John Williams,
that every discharge of an ovum,
tains at

first,

the third month.

whether impregnated or not, is, as
a rule, accompanied by the formation of a decidua, and that the
essence of menstruation consists
in the separation of
of the

uterus

a decidual layer

mucous membrane from the
;

while in the case of preg-

nancy there is no exfoliation of the
membrane, but, on the contrary, it
undergoes further development in
the

manner described above.
The Placenta is the organ by

a.

Plug of mucus iu the neck of the uterus, b. Fallopian
tube. c. The decidua vera. c=. The decidua vera passing
into the right Fallopian tube the cavity of the uterus is
almost completely occupied by the ovum, e, e. Points of
reflection of the decidua reflexa (in nature the united decidua
do not stop here, but pass over the whole uterine surface of
the placenta). </. Supposed allantois. h. Umbilical vesicle.
:

i.

d.

Amnion,

k. Choriou, covered with the decidua i-eflexa.
Cavity of the decidua. /. Decidua serotina, or placental

decidua.

which the connection between the
foetus and mother is maintained.
It subserves the purposes both of circulation
and respiration. It is formed of two parts, as already shown viz. the maternal
portion, which is developed out of the decidua vera (serotina), and the foetal
portion formed out of the villi of the chorion.
Its shape in the human subject
is that of a disc, one side of which adheres to the uterine wall, while the other is
covered by the amnion. The villi of the chorion gradually enlarge, forming
large projections
cotyledons
which each contain the ramifications of vessels
communicating with the umbilical (allantoic) arteries and veins of the foetus.
These vascular tufts are covered with epithelium, and project into the vascular
spaces or sinuses above mentioned, which constitute the maternal portion of the
organ.
In these sinuses the uterine blood is brought into close proximity with
the villi of the foetal placenta, which lie in the sinuses.
The interchange of
fluids necessary for the growth of the foetus and for the depuration of the blood
takes place through the walls of the villi, but there is no direct continuity
between the maternal and foetal vessels. The foetal vessels form tufts of

—

—

'

'

—
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from which

which end in
open into the sinuses
somewhat after the manner of the arteries of erectile tissues. These spaces
communicate with a plexus of veins which anastomose freely wuth one another
and give rise, at the edge of the placenta, to a venous channel which runs around
the placental sinus.
its whole circumference
\J
The umbilical cord appears about the end of the fifth week after conception.
It consists of the coils of two arteries {umbilical, originally allantoic) and a single
vein, united together by a gelatinous tissue {jelly of Wharton).
Thei'e are
originally two umbilical veins, but one of these vessels becomes obliterated, as
do also the two omphalo-mesenteric arteries and veins and the duct of the
umbilical vesicle, all of which are originally contained in the rudimentary cord.
The permanent structures of the cord are, therefore, furnished by the allantois.
In this manner the human embryo eventually becomes surrounded by three
membranes (i) the amnion, derived from the outer layer of the mesoblast and
the epiblast
the chorion, formed most probably by three layers the
(2)
allantois (which is derived from the inner layer of the mesoblast and hypoblast),
the false amnion, and perhaps the vitelline membrane and (3) the decidua,
derived from the mucous membrane of the uterus.

capillaries, the blood

returned by small veins,

is

The maternal

tributaries of the umbilical vein.

arteries

—

:

—

;

;

DEVELOPMENT OF THE EMBEYO
The

we

further development of the

embryo

will,

perhaps, be better understood

if

follow as briefly as possible the principal facts relating to the chief parts of

—

which the body consists viz. the spine, the cranium, the pharyngeal cavity,
mouth, &c., the nervous centres, the organs of the senses, the circulatory system,
the alimentary canal and its appendages, the organs of respiration, and the
genito-iirinary organs.*

The reader

also referred to the chronological table

is

end of this section.
We have already traced the first steps in the
formation of the spine.
(i) The looping up of two longitudinal folds from the
cells of the epiblast on either side of the primitive streak, so as to form a groove,
and the gradual growing together of these ridges {lamincs, dorsales) so as to convert the groove into a canal, which is lined by epiblast, and out of which the
development of the foetus
Development of the Spine.

of the

—

at the

—

spinal cord is developed.
(2) The formation in front of this groove of a continuous cellular cord, enclosed in a structureless sheath, the notochord or
chorda dorsalis (fig. 91). The notochord extends from the cephalic to the caudal
extremity of the embryo, and lies in the place which is afterwards occupied by
the bodies of the vertebrae.
(3) On either side of the neural canal, a portion of
the mesoblastic layer is divided longitudinally from the rest of the mesoblast, so
as to form a thick column, which extends from the cephalic to the caudal extremity
of the embryo on either side of the spinal canal and notochord (fig. 85, A 7)
this
is the protovertehral column.
From the greater part of it is derived the vertebral
column, a small portion at the upper and outer part being differentiated from it
and eventually forming the muscles of the back. (4) This column undergoes a
process of transverse segmentation and becomes converted into a number of
quadrilateral blocks, the protovertehral somites (fig. 92).
The process of segmentation commences in the cervical region and proceeds successively through
the other regions of the spine until a number of segments are formed, which
correspond very closely to the number of the permanent vertebrae. (5) These
protovertehral somites extend laterally they grow forwards and inwards until
they meet in front of the notochord in the middle line, which they thus enclose
and backwards and inwards, around the spinal canal, w'hich they also enclose.
;

;

;

The scope

of this work only permits the briefest possible reference to these subjects.
to stixdy the subject of embryology in more detail are referred to
Kolliker's Entivickelangsgescliichte
to vol. i. pt. i, of the tenth edition of Quain's
Anatomy or to the works of Professor Dalton and of Foster and Balfour.
*

Those who wish

;

;

;
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The notochord and the spinal canal are thus siuTounded by a cellular mass
derived from the mesoblastic layer, which constitutes the memhranous matrix of
This structure is covered on its internal surface by hypoblast,
the vertebrae.
and on its outer by epiblast, and presents the transverse segmentation already
(6) The next step is the conversion of this primitive membranous matrix into cartilage. This takes place probably about the fourth or

described (page 81).

week in the human emfeyo (Kolliker). The part of the protovertebral
somites which has extended backwards to enclose the spinal foramen, and
which eventually forms the arches of the vertebrae, simply undergoes a process
of chondrification, so that the permanent arches correspond to the primary
segments of the protovertebral somites, spaces being left between them for the
But a somewhat
spinal nerves and ganglia to grow out from the spinal chord.
fifth

—

—

region
(From Foster

section throiTgli the dorsal

Fig. 91. Transverse
of an embryo -chick, end of third day.
and Balfour.)

Fig. 92.
Cervical part of the
primitive vertebral column
and adjacent parts of an embryo of the sixth day, showing
the division of the primitive
vertebral segments.
(From
Kolliker, after

Eemak.

Chorda dorsalis in its sheath, pointed
at its upper end. 2, points by three
the original intervals of the
primitive vertebrte. 3, in a similar
manner, indicates the places of new division into permanent bodies of vertebrae.
c indicates the body of the first cervical
vertebra in this and the next the primitive division has disappeared, as also in
the two lowest represented, viz. d and
the one above ; in those intermediate
the line of division is shown. 4, points
in three places to the vertebral arches
and 5, similarly, to three commencing
ganglia of the spinal nerves the dotted
segments outside these parts are the

I, I.

lines to

:

Am. Aniuion.

>}ip. :Muscle-pIate.
cv. Cardinal vein.
Ao. Dorsal aorta
where its two roots begin to join. C'h. IS'otochord.
Wolffian dact.
Wb. Commencement of formation of Wolffian
body. ep. Epiblast. So. Somatopleure. A?/. Hypoblast. The section
passes through the place where the alimentary canal (hy) communicates with the yolk-sac. Sp. Splanclmopleure.

at the point
Il'rf.

:

muscular

plates.

more complex change goes on in the portion of the protovertebral somites
which encloses the notochord and which is destined to form the bodies of the
vertebras.
Here each one of the protovertebral segments undergoes a second
transverse division through its centre, and in the interval which is left between
these secondary segmentations the fibrous structure of the intervertebral discs is
formed. The half-segment of the original protovertebral somites on either side
of this secondary segmentation joins with the segment above and below, and
undergoes chondrification, and thus forms the basis of the body of a -future
vertebra.
Each cartilaginous body of a vertebra is formed therefore out of half
an original protovertebral plate joined to the half of another plate above or below
it, as the case may
be.
(7) The notochord contained in the centre of this

90
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chondrifying mass does not continue to grow, but becomes in the human subject
form a mere slender thread, except opposite
that is to say, corresponding to the intervals
the secondary segmentations
between the bodies of the permanent vertebrae. Here it presents thickenings,
and forms an irregular network, the remains of which are to be found at all
periods of life in the central pulp of the intervertebral discs.
Development of the Ribs and Sternum. The ribs are formed by extensions of
the protovertebral mesoblast between the muscle-plates, growing out from the
These speedily undergo chondrification, and appear as
cartilaginous vertebra.
cartilaginous bars, and become separated from the vertebrae at their posterior
At their anterior ends the costal bars, which are to form the nine
exti-emities.
upper ribs, turn upwards and fuse together so as to form a cartilaginous strip
bounding a central median fissure. The strips on either side then join in the
middle line from before backwards, and so give rise to a longitudinal piece of
cartilage, which represents the manubrium and gladiolus of the sternum. In the
process of development the sternal attachment of the eighth rib disappears, while
that of the ninth subdivides, one portion remaining attached to the inferior extremity of the cartilaginous sternum and becoming developed into the ensiform
cartilage, the other portion receding from the sternum and becoming attached to
the rib above.
The further development of the vertebrae, ribs, and sternum, and the ossification of their cartilaginous structure, are described in the body of the work.
Development of the Cranium in general and the Face.
have seen that the
first trace of the embryo consists in the formation of a longitudinal fold of the
epiblast on either side of a median groove, and that these folds or ridges grow
backwards and meet in the median line, thus forming a canal. This canal, at the
cephalic extremity of the embryo, is dilated and forms a bulbous enlargement.
The bulbous enlargement soon expands into three vesicular dilatations, which
are known as the three jjnmar?/ cerebral vesicles, from which all the different parts
of the encephalon are presently to be developed.
The most anterior of the three forms
FiG. 93.— Longitudinal section of
the optic thalamus, whilst a hollow projection
the head of an embryo foiu' weeks
old, seen fi-om the inside.
fj^om it forms the corpus striatum and the
cerebral hemispheres
the middle one forms
the tubercula quadrigemina the posterior the
relatively smaller, so as, at last, to
;

—

— We

;

;

The primary

medulla oblongata.

vesicles are at this time, of

and

their cavities

freely

each other at the points

cerebral

course, hollow,

communicate with
As

of constriction.

embryo grows, the cerebral vesicles
become twice bent forward on their own
axis (figs. 93, 94, A and b).
The upper or pos-

the

curvature is called the cerebral the
lower or anterior, the frontal protuberance.
\
ThuS, We have a triple Cavity (sCC fig. 94, A,
,i,i
lit c, mc, andn
Where the three cavities are marJied.
mo), lined by epiblast and covered by the same
terior

1.

Ocular vesicle. 2.
out. 3. Fore brain.

Optic nerve flattened
4. Intermediary brain.
5. Middle brain.
6. Hinder brain.
7. After
brain. 8. Anterior portion of the tentorium
cerebeiii.
9. Its lateral portion intervening

curveXS°iVorc'l??i^-mc.^il^TTe^
tory vesicle.

;

'

_

.

structure.

•

Between these two layers

of epi-

from the
protovertebral plates of the trunk, is prolonged and spreads over the whole surface of the cerebral vesicles.
From these structures the cranium and its contents are developed.
The external layer of the epiblast forms the superficial
epithelium of the scalp. The mesoblastic layer forms the true skin, the bloodvessels, muscles, connective tissue, bones of the skull and membranes of the
brain.
The layer of epiblast lining the cavity forms the nervous substance of the
blast, a layer of mesoblast, derived

encephalon, while the cavity itself constitutes the ventricles.
The upper end of the notochord terminates at its cephalic end in a pointed
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extremity which extends as far forwards as the situation of the body of the future
sphenoid bone, and is there embedded in a mass of tissue, the investing mass of
This mass, derived from mesoblastic tissue, becomes cartilaginous,
Eathke.'
and from it is developed the basi-occipital and basi-sphenoid bones and by
lateral expansions from it the occipitals, the greater wings of the sphenoid,
and the periotic mass of cartilage surrounding the primary auditory vesicles.
'

;

From

the front of the

—

of
mass
investmg
Eathke, which corresponds in position to

Fig. 94. Vertical section of the head in early embryos of
(Frora Mihalkovics.)
the rabbit. Magnified.

B

A

the future dorsum sellae,
two lateral bars are

forwards

directed

en-

closing a space, which
pituitary
forms the

which the
body is eventually developed. These
in

fossa,

pituitary

named

are

bars

the

and

cranii,

traheculce,

extend as far forwards
anterior
exas the
tremity of the head,
where they coalesce
with each other. From
them the pre-sphenoid

masses of
ethmoid are developed and from their
and

lateral

the

;

coalescence a process,
the fi'onto-nasalpi'ocess,

prolonged
downwards to form a portion
of the framework of the
is

face, hereafter to

scribed.

be de-

From the

sphenoids,

developed

pre-

which are
from these

trabeculse, a lateral ex-

pansion

which

takes

place,

forms the orbito-sphenoid or lesser
wings of the sphenoid,
enclosing the optic fora-

men.

..

From an embryo of five millimetres long. b. From an embryo of six
millimetres long. c. Vertical section of the anterior end of the notochord
and pituitary body, &c.,from an embryo sixteen millimetres long. In a, the
faucial opening is still closed. In b, it is formed, c. Anterior cerebral
vesicle,
mc. Meso-cerebrum. mo. Medulla oblongata, co. Corneous layer,
m. Medullary layer. ?/. Infundibulum. a»!. Amnion. «_pf. Spheno-ethmoidal.
be. Central (dorsum sellfe), and spo, spheno-occipital parts of the basis cranii.
h. Heart. /'. Anterior extremity of primitive alimeutarj- canal and opening
tha. Thala(later) of the fauces,
i. Cephalic portion of primitive intestine,
mus. //. Closed opening or the involuted part of the xiituitary body (py).
c/i. Notochord.
ph. Pharynx.

The portions of the
base of the skull above enumerated are formed from cartilage the remaining
parts, comprising the vault of the skull, are of membranous formation.
The head at first consists simply of a cranial cavity, the face being subsequently developed in the manner now to be described by a series of arches with
clefts between them (fig. 95).
It is usual in our text-books to describe the arches
as a series of processes which jut out and grow downwards, inclining towards
each other until they meet in the middle line and thus form a series of inverted
arches whilst the clefts are the spaces left between each pair of processes.
This, however, is scarcely the true description, and leads rather to the false
impression that the arches are formed by processes budding out from the embryo,
much in the same way as the extremities do, and that they are free on every
;

;
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side.

The more

correct

description

is

that

the clefts

are

first

formed, and

that the arches consist of a thickening of the tissue on either side of the

The arches thus formed may be divided

cleft.

two sets, according as they are
placed in front or behind the buccal cavity or mouth, the former being known
Four clefts on
as the ])re-oral, and the latter as the post-oral or visceral arches.
into

each side appear laterally in the undifferentiated somato-splanchno-pleural wall
of the fore-gut, and between them thickenings occur which ultimately meet and
fuse in the middle line, and above are connected with the investing mass.
These are the so-called post-oral visceral arches. Differentiation of tissue occurs
from above downwards, and cartilage is formed in them in connection with the
investing mass.
The first post-oral arch has no cleft in front of it, but forms a
rim in front of the fore-gut. The pre-oral arches are formed in much the same
way by local thickening, in which differentiation of tissue and formation of cartilage proceeds in a direction forwards and downwards from the investing mass.
The pre-oral or maxillary arch unites with the fronto-nasal process. The
latter, which is derived, as stated alcove, from the coalescence of the trabeculiB
cranii, consists of three plates, a central single one and two lateral ones.
The
It is prolonged downwards and forcentral is called the mid -frontal process.
wards from the middle of the base of the skull, from the point of coalescence of
the two trabecule ci'anii, and from it the septum of the nose is developed. It is
free in front and below, but behind it is united with the coalesced portion of the
trabeculse, which therefore pi'obably assists in the formation of the septum nasi,
and, in addition, of the prominent part of the future nose.
The lateral plates of
the fronto-nasal process are separated from the central one by a depression or
furrow on either side these furrows form the primary nasal pits or fossae. The
lateral plates project downwards parallel to the mid-process for a certain distance,
and then, curving inwards, unite with it, thus shutting off the nasal fossae from
'

'

;

The lateral masses
ethmoid and lachrymal bones are
developed in the lateral plates, and by
their union with the mid-frontal process
form the intermaxillary bone and the
lunula, or central part of the upper lip.
The maxillary processes spring from
the base of the skull further back than
the rest of the face.

Fig

95.

— Face

days.

of an embryo of 25 to 28
MaEjniried 15 times.

of the

the

fronto-nasal process,

and

at

their

origin are closely connected with the first

post-oral or visceral arch.

They descend

a short distance, forming the outer
wall of the orbit, in which the malar
for

they then incline
is developed
inwards, and, meeting the lateral plate of
the fronto-nasal process, form the floor
of the orbit, and shut it off from the rest
then, continuing their
of the face
course downwards and inwards, they
join the mid-frontal process, and with
it
complete the alveolar arch and the

bone

;

;

.

Frujital pruuiuieuct. 2, 3. irtigiit, Hud lelt olfactory
fossK. 4. Interior maxillary tubercles, united in
tlie middle line.
Supei-ior maxillary tubercles.
5.
Mouth or fauces. 7. Second pharyngeal arcli.
6.

superior maxillary bone. Finally, palatal
processes are formed by an extension
of the inner sides

of

this arch

;

these

coalesce with each other in the median
10. Primitive ooviiar vesicle.
8. Tliird.
9. Fourth.
II. P]'imitive auditory vesicle.
line, thus separating the cavity of the
mouth from the nasal fossae, and comIn front, however, the palatal processes do not join with the
pleting the palate.
mid-frontal process, but a cleft is left which constitutes the naso-palatine canal.
The post-oral arches are five in number in the amniota, and of these the
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first only is concerned in tlie formation of the face proper, for the lower jaw or
mandible is in part developed from it, and hence it is called the mandibular arch.
The second is named the hyoicl arch from it are formed the styloid process, the
The third, or
stylo-hyoid ligament, and the lesser cornu of the hyoid bone.
thyro-hyoid arch, gives origin to the great cornu of the hyoid bone, while the body
This third arch,
of this bone is formed between the second and third arches.
together with the fourth and fifth, correspond to the arches which, in fishes and
amphibia, form the gill-plates, but which, in the amniota, never do so. They
:

named

are appropriately

branchial, a

name which was

primarily given to the

whole series by Rathke, who first described them.
The deeper part of the first or mandibular arch contains a transitory cartilaginous rod, which has long been known as the cartilage of Meckel,' the proximal
end of which is at first attached to the basis cranii, and afterwards to the periotic
It is, during some part of foetal life, directly continuous with the
capsule.
malleus, which by some is believed to be developed from it.
The median end of
the greater part of the rest
the lower jaw-bone is developed from this cartilage
of the bone being developed from membrane.
Between the mandibular arch and the pre-oral arch the buccal cavity or
mouth is formed this therefore owes its origin to the formation of the pre-oral
and post-oral arches, and consists of mesoblastic tissue lined by epiblast. As
has been already stated (page 81) the cephalic end of the embryo becomes
remarkably curved on itself, the fore- and mid-brain bending downwards over the
anterior portion of the original blastodermic membrane which remains within the
body of the embryo and from which the fore-gut is to be developed. This foregut terminates as a blind extremity beneath the head (fig. 94, a,/). Another
prominence forms on the ventral surface of t^e fore-gut, which represents the
rudimentary heart (fig. 94, a, Ji). Between these two prominences, caused by the
projection of the fore-brain and the heart, an involution of the epiblast takes
place, gradually deepening until it comes in contact with the upper part of the
alimentary canal. This is the stomodceum or mouth, which becomes bounded by
prominences, constituting the pre-oral and mandibular arches. It is at first
quite distinct from the upper part of the alimentary canal, which, as we shall
hereafter see, is formed by the inner or splanchno-pleural layer of the mesoblast
and the hypoblast, the two cavities being separated by all the layers of the
blastodermic membrane. A communication between the two is, however,
gradually effected by the absorption of these layers at the anterior extremity of
the primitive alimentary cavity and the hinder portion of the epiblastic involution from which the mouth is formed.
Between each of these visceral arches are clefts, four in number, which run
through the tissues of the neck to the cavity of the pharynx the first persists,
though only in a portion of its extent, forming the Eustachian tube, the meatus
auditorius, and the tympanic cavity.
The other fissures are wholly closed by
the sixth week.
Development of the Nervous Centres and the Nerves. The medullary groove
above described (page 80) presents, about the third week, three dilatations at its
upper end, separated from one another by two constrictions, and at its posterior
part another dilatation, called the rhomboidal sinus.
Soon afterwards the groove
becomes a closed canal {medullary canal) and a soft blastema lines it, exhibiting
corresponding dilatations. This is the rudiment of the cerebro-spinal axis. As
the embryo grows, its cephalic part becomes more curved, and the three dilatations at the anterior end of the primitive cerebro-spinal axis become vesicles
distinctly differentiated from each other (fig. 93). These are the primary cerebral
vesicles
anterior, middle, and posterior.
Subsequently the anterior and
posterior vesicles become subdivided and each forms two vesicles, whilst the
middle one remains permanently undivided. It will thus be seen that at the
anterior extremity of the medullary groove are five dilatations, separated from
each other by constrictions, from which the five fundamental divisions of the
'

;

;

;

—

—
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These five permanent rudiments of the brain and medulla
brain are formed.
have received the names, from before backwards, of prosencephalon, thalamencephalon, mesencephalon, epencephalon, and metencephalon. The first two of
these are formed from the anterior primary vesicle, the last two from the
posterior primary vesicle, and the mesencephalon from the middle primary
In addition to this a hollow protrusion takes place from the anterior
vesicle.
primary vesicle, which constitutes the rudiment of the optic nerve and retina,
Subsequently another protrusion
as will be explained in the sequel (fig. 96, a).
takes place from the anterior vesicle (prosencephalon), which is at first simple, but
soon becomes divided into two parts by an antero-posterior fissure. These expand
forwards, backwards, and laterally, and form the cerebral hemispheres (fig. 96 h).
These vesicles do not, however, remain in the same line as the cord, but
certain definite flex;ires take place, which result in an alteration of the position
The first of these flexures takes place opposite
of the vesicles to one another.
the base of the middle vesicle, which becomes sharply bent on itself over the end
This has the effect of causing the mid-brain to become the
of the notochord.
most prominent part of the encephalon on the convexity of the curve (fig. 96, m).
A second flexure, with its curve in the opposite direction, takes place in the
epencephalon and is very abrupt. A third, but less marked, flexure, takes place
in the metencephalon at its junction with the cord and has its concavity forwards,
in the

same

direction as the first curve.

The

first

of

these curves or flexures

remains permanently, but the second and third almost entirely disappear in the
further development of the brain.
The different parts of the brain are formed on the walls of the vesicles as
These thickenings, as they increase,
local thickenings in different positions.
gradually encroach upon the interior of the vesicles a permanent cavity, how;

which constitutes the cavity of the ventricles.
The parts of the brain formed from the prosencephalon, or

ever, remains,

first secondary
hemispheres, which, as has been stated, are
formed as hollow outgrowths from this vesicle, on the interior of which thickening takes place. They are at first covered and concealed by the middle primary
vesicle, in consequence of the flexure which takes place, but by the third month
they have risen above the optic thalami, and by the sixth month above the
cerebellum. The other parts formed from the prosencephalon are the corpora
The
striata, the corpus callosum, the fornix, and the olfactory bulbs and tract.
cavity of this vesicle forms the lateral ventricles, the foramen of Monro, and
The portions of the encephalon
the anterior part of the third ventricle.
developed from the thalamen.cephalon, or second secondary vesicle, are the optic
thalami, the pineal gland, a part of the pituitary body, and, by a special prolongation, the optic nerve and retina. The cavity of this vesicle constitutes that part of
the third ventricle which is not formed by the first secondary vesicle. The
mesencephalon, or third secondary vesicle, corresponding to the middle primary
vesicle, is developed into the corpora quadrigemina and the crura cerebri.
This
vesicle is at first situated at the summit of the angle caused by the first flexure
(fig.- 96, a).
Its smooth surface is soon divided by a median and transverse groove
into four tubercles (tubercula quadrigemina), which are gradually covered in by
the growth of the cerebral hemispheres.
Its cavity diminishes as its walls
thicken, and contracts to form the aqueduct of Sylvius.
The epencephalon, or fourth secondary vesicle, is developed into the pons
Varolii and the cerebellum, and the metencephalon, or fifth secondary vesicle,
forms the medulla. The cavity of these two secondary vesicles, which it will be
remembered constituted the third primary vesicle, forms the fourth ventricle.
The development of the pituitary body has of late received much attention.
It is mainly formed by a diverticulum from the buccal involution of epiblast.
At its upper and front part this involution, from which the mouth or stomodaeum
is developed, forms a hollow saccular protrusion, which extends into the angle
formed by the bend of the mid-brain. Here it comes in contact with a median

vesicle, are first of all the cerebral
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Fig. 96. Profile views of the brain of
reconstructed from sections (His.)

human embryos
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at three several stages,

Copied from Quain's Anatomy.'
'

M

mc

A.

Brain of an embryo of about fifteen days, magnified 35 diameters. B. Brain of an enibiyo -ibout threeiand a half weeks
The optic vesicle has tjeen cut away. c. Brain of an embryo about seven and a half weeks old. The optic stalk
cut through, A. Optic vesicle. H. Vesicle of cerebral hemisphere, first secondary vesicle. Z. Thalamencephalon, second secondary vesicle.
M. Mid-brain. /. Isthmus between mid- and hind-brain. Rh. Fourth
secondary vesicle. N. Fifth secondary vesicle. Gh. Optic vesicle. Rf. Fourth ventricle. NK. Neck curvature.
Br. Pons curvature. Pm.. Mammillary process. Tr. Infundibulum. Hp. (in b). Outline of hypophysis-fold of
buccal epiblast. Rl. Olfactory fold. In c the basilar artery is represented along its whole course.
old.

is
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hollow protrusion, which passes downwards and backwards from the posterior

They become intimately
portion of the anterior cerebral vesicle (fig. 94, c, if).
connected, and together form the pituitary body or hypophysis.
When the medullary groove is first closed, the foetal spinal marrow occupies
its whole length, and presents a large central canal, which gradually contracts
in consequence of the thickening and rapid growth of the epiblast around it.
This increase in thickness takes place principally at the sides, so that eventually
the central canal acquires on section the appearance of a sht. According to
some investigators, the two sides of this slit
join in the middle, and the original
eventually
FiG- 97-- Section of the niedidla
an anterior, which
canal is divided into two
in the cervical region, at six
weeks. Magnified 50 diamebecomes the central permanent canal, which in
ters.
after-life is no longer perceptible to the eye,
though it is still visible on microscopic section
and a i)osterior, which becomes filled about the
ninth week with a septum of connective tissue
from the pia mater, and forms the posterior
fissure of the cord. According to other observers,
the posterior fissure is formed independently of
the central canal, as a cleft formed by the enlarging lateral halves of the cord, into which an
ingrowth of connective tissue from the pia mater

—

:

;

The anterior fissure is apparent^
takes place.
formed in this latter manner, simply as a cleft
left between the lateral halves of the cord.
Central caual. 2. Its eiiithelium.
After the fourth month the spinal column
Anterior grey matter. 4. Posterior grey
Anterior commissure. 6.
matter.
begins to grow in length more rapidly than the
5.
Posterior portion of tlie canal, closed
medulla spinalis, so that the latter no longer
by the epithelium only. 7. Anterior
colimiu. 3. Lateral column. 9. Posoccupies the whole canal. • The cord is comcolumn.
Anterior roots.
terior
10.
II. Posterior roots.
posed at first entirely of uniform-looking cells,
which soon separate into two layers, the inner
of which forms the epithelium of the central canal, w^hile the outer forms the
The white columns are formed
central grey substance of the cord (fig. 97).
their rudiments can be detected about the fourth week, and some embryolater
logists believe that they are developed from the mesoblast.
The cerebral ar d spinal membranes are, according to Kolliker, a production
from the protovertebral discs, and are recognisable about the sixth week. As the
fissures separating the segments of the cerebro-spinal axis appear, the membranes
extend through them, and the pia mater passes into the cerebral ventricles.
Bischoff, however, describes the pia mater and arachnoid as developed from the
cerebral vesicles, so that they are, according to him, formed in the position which
they permanently occupy.
The Nerves. The nerves are developed, like the rest of the nervous system,
from epiblast. The spinal nerves are developed as follows
Close to the point
of involution of the epiblast in the median line, that is to say, in the angle of
junction of the neural and general epiblast, a cellular swelling constituting the
neural crest appears and forms a continuous ridge on the dorsal aspect of the
3.

.

;

—

:

—

neural canal. On this crest enlargements occur, corresponding with the middle
of each protovertebral segment.
These grow downwards between the neural
canal and the mesoblastic tissue forming the protovertebrae, and occupy a position
on the lateral wall of the canal. These enlargements are the rudiments of the
ganglia of the posterior roots
they are at first attached to the neural crest from
which they spring, but subsequently this attachment becomes lost, and they then
form isolated masses on either side of the neural canal, which now contains the
rudimentary cord. They consist of oval cells, from either end of M^hich a process
eventually springs
one, passing centrally, grows into the embryonic cord and
constitutes the posterior root of the nerve the other, growing peripherally, joins
the fibres of the anterior root to form the spinal nerve.
;

;

;
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according to the recent researches of His, a direct out-

is,

which are found in the rudimentary cord and which are
named neuroblasts. These cells, like those mentioned above, are oval, and have
These proa prolongation directed outwards towards the surface of the cord.
cesses pass out of the cord in bundles and penetrate the mesoblast and join with
fibres of the posterior root, and from the point of union the nerve grows towards
growth

its

of certain cells

peripheral termination.

nerves are developed in the same manner as the posThat is to say, the neural crest, developed
from the epiblast, is continued onwards, along the dorsal surface of the cephalic
portion of the neural tube, as far as the mid-brain.
From this a series of
swelhugs at irregular intervals form the rudimentary ganglia, from the polar
cells of which the nerve is formed and its connection with the brain established.
This appears to be the case with the third, fifth, the facial, the auditory, the
glosso-pharyngeal, and the pneumogastric and probably the fourth. With
regard to the mode of origin of the sixth, the spinal accessory and the hypoglossal, our knowledge is not so exact, but they would appear to arise, like the
anterior roots of the spinal nerves, from gi'oups of oval cells (neuroblasts) in the

Most

of the cranial

terior roots of the spinal nerves.

basal laminae.

The

olfactory tract

cerebral hemisphere.

and bulb

is a protrusion of the antero-ventral part of each
This protrusion comes in contact with the thickened

page 100), from which neuroblastic cells, which
and form a ganglion between the area and
the olfactory bulb.
From this ganglion cell-processes gi'ow centripetally to form
the nerve-roots, and ceutrifugally to form the olfactory nerves which ramify on,/-^
epiblast of the olfactory area (see

formed within the

are

the Schneiderian

The

area, pass out

membrane.

optic nerve

arises

in

a

manner

entirely

different

from any

of

the

other cranial nerves, as a hollow outgi'owth of the brain, which subsequently
becomes solid. It will be considered in connection with the development of the
eye.

The sympathetic nerves are developed as outgrowths from the ganghated
and cranial nerves.
Development of the Eye. The nervous elements and non-vascular parts of
the eye are formed from the epiblast, and the vascular portions from the mesoThe essential
blast
but the method of development is somewhat complicated.
portioii of the eye
i.e. the retina and the parts immediately connected with it
—is an outgrowth from the rudimentary brain (primitive ocular vesicle), and
this outgrowth is met by an ingi'owth from the common epidei'mic or corneous
layer of the epiblast, out of which the lens and the conjunctival and corneal
roots of the spinal

—

;

—

epithelium are developed.

The

first

appearance

of the

eye consists in the protrusion or evolution from

the medullary wall of the thalamencephalon of a vesicle, called the primitive

This is at first an open cavity communicating by a hollow stalk
the general cavity of the cerebral vesicle. As development advances the
hollow stalk becomes solid, and thus the optic nerve is formed, receiving, however, in a way presently to be explained, mesoblastic elements for the formation
As the primitive ocular vesicle is
of its central artery and connective tissue.
prolonged forwards, it meets the epidermic layer of the epiblast, which at the
ocular vesicle.
"with

contact becomes thickened, and then forms a depression which
gradually encroaches on the most prominent part of the primitive ocular vesicle,
which in its turn appears to recede before it, so as to become at first depressed
and then inverted in the manner indicated in fig. 98, so that the cavity is

point of

almost obliterated by the folding back of its anterior half, and the
cup-shaped cavity, the ocular cup, in which the
involuted epiblastic layer, the rudiment of the lens, is received (fig. 98, b).
This cup-shaped cavity consists therefore of two layers
one, the outer, originally
the posterior half of the primitive ocular vesicle, is thin, and eventually forms
finally

original sac converted into a

:

'h

GENEEAL ANATOMY
pigmental layer of the retina * the other layer, the inner, originally the
more prominent half, which has become folded back, and is much
thicker, is converted into the nervous layers of the retina.
Between the two are
the remains of the cavity of the original primary vesicle, which finally becomes
obliterated by the union of its two layers.
As development proceeds the cupshaped cavity or ocular cup increases in size, and thus a space is formed between
this is the secondary ocular
it and the rudimentary lens which it contains
vesicle, and in it the vitreous humour is developed (fig. 98, c).
The folding in of
the primary optic vesicle to produce the optic cup not only takes place in front,
at its most prominent part, opposite the lens, but also below, where a cleft
or fissure is formed, the choroidal fissure or ocular cleft, through which vascular
the

;

anterior or

;

elements, within the vesicle and derived from the mesoblast, retain their connection with the rest of the mesoblast. This gap or cleft is continued for some
distance into the stalk of the optic vesicle and thus allows a process of the
mesoblast to extend down the stalk to form the arteria centralis retinae and its
accompanying vein. After a time the gap or
Fig. 99. Diagrammatic sketch of a
fissure becomes closed, by a coalescence of
vertical longitudinal section through
its margins, but the line of union remains
the eyeball of a hiaman foetus of four
considerable
period.
The
apparent for some
weeks. (After Kolliker.) Magnified
lens is at first a thickening of the epiblast,
1 00 diameters.
The section is a little
to the side, so as to avoid passing
then a depression or involution takes place,
through the ocular cleft.
thus forming an open follicle, the margins

—

Fig. 98.

— Diagram of development

of

the lens.

.

B

c.

layer.

Different stages of development,
2.

Thickening of this

layer.

i.

3.

Epidermic
Crystalliue

Primitive ocular vesicle, its anterior part
pushed back by the crystalline depression. 5. Posterior
part of the primitive ocular vesicle, forming the external
layer of the secondary ocular vesicle.
of
6. Point
separation between the lens and the epidermic layer.
7. Cavity of the secondary ocular vesicle, occupied by the
depression.

4.

vitreous.

,

The cuticle, where it becomes later the cornea.
The lens. op. Optic nerve formed by the

/.

pedicle of the primary optic vesicle, vp. Primary
medullary cavity of the optic vesicle, p. The
pigment-layer of the outer wall. r. The inner
wall foi-ming the retina, vs. Secondary optic
vesicle containing the rudiment of the vitreous

liumour.

which gradually approach each other and coalesce, forming an enclosed
(fig. 98).
ki the point of involution the external layer
of epiblast separates from the ball of the lens and passes freely over the surface,
so that the lens becomes disconnected from the epiblastic layer from which it
was developed, and recedes into the ocular cup, while the cuticular layer cover-

of

cavity of epiblastic cells

ing it is developed into the corneal epithelium.
The cells forming the posterior
or inner wall of the cavity, which is to form the lens, rapidly increase in size,
becoming elongated and developed into fibres, and, filling up the cavity, convert
it into a solid body.
The cells on the anterior wall undergo no change and re-

The secondary ocular vesicle, or space between
the lens and the hollow of the ocular cup (figs. 98, c, 7, and 99), contains a
quantity of mesoblastic tissue continuous through the ocular cleft with the rest
of the mesoblast, and into this blood-vessels project themselves through the

tain their cellular character.

The iris and ciliary processes are formed from this vascular tissue,
ocular cleft.
and the choroid is developed in the mesoblast surrounding the ocular vesicle.
* This layer forms fimctionally part of the choroid, and was formerly described as
belonging to this membrane it is now described as part of the retina, on account of its
method of development.
;
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A portion of this tissue also becomes converted into the vitreous humour, and
surrounds the lens with a vascular membrane the vascular capsule of the lens,
which is connected with the termination of the temporary artery (hyaloid)
that forms the continuation of the central artery of the retina through the
This vascular capsule of the crystalline lens forms the
vitreous chamber.
membrana pupillaris (described on a subsequent page), and also attaches the
It disappears about the seventh
borders of the iris to the capsule of the lens.

—

month.

The eyelids are formed at the end of the third month, as small cutaneous
which come together and unite in front of the globe and cornea. This
union is broken up and the eyelids separate before the end of foetal life.
The lachrymal canal appears to result from the non-closure of a fissure which
exists between the lateral plates of the fronto-nasal and maxillary processes.
folds,

Born, however, considers that it is formed by a thickening of the deeper layer of
the epidermis which sinks into the corium and subsequently becomes hollowed
out into a tube.

—

Development of the Ear. The first rudiment of the ear appears shortly after
form of a thickening of the epiblast, on the outside of that
part of the third primary cerebral vesicle which eventually forms the medulla
The thickoblongata, opposite the dorsal end of the first post-oral visceral cleft.
ening is then followed by an involution of the epiblast, which becomes deeper
and deeper, sinking towards the base of the skull, and a flask-shaped cavity is
formed by the narrowing of the external aperture the neck of the flask constiThe mouth of the flask then becomes closed, and
tutes the recessus lahyrinthi.
thus a shut sac is formed, the primitive auditory or otic vesicle, which by its
sinking inwards comes to be placed between the ali-sphenoid and basi-occipital
From it the internal ear is formed. The middle ear and the
matrices.
Eustachian tube are developed from the remains of the first branchial cleft,
while the pinna and external meatus are developed from the soft parts overhanging the posterior margin of the same cleft. The primary otic vesicle
becomes embedded in a mass of mesoblastic tissue, which rapidly undergoes
chondrification and ossification.
It, as before stated, is at first flask- or pearshaped the neck of the flask, or recessus lahyrinthi, prolonged backwards, forms
that of the eye, in the

;

;

the aqugeductus vestibuli.

From

it

are given off certain prolongations or diver-

from which the various parts of the labyrinth are formed. One from
the anterior end gradually elongates, and, forming a tube, bends on itself from
left to right and becomes the cochlea.
Three others, which appear on the surface
of the vesicle, form the semicircular canals.
Of these, the one which is to
constitute the external semicircular canal does not appear at such an early date
ticula,

Subsequently, a constriction takes place in the original
which, gradually increasing, divides it into two, and from these are
formed the utricle and saccule. Finally, the auditory nerve, which has been
developed from the 'neural crest' in the manner above described (page 97),
pierces the auditory capsule in two main divisions
one for the vestibule, the
other for the cochlea.
The middle ear and Eustachian tube are the remains of
the first pharyngeal or branchial cleft (hyo-mandibular), and are, from an early
period, closed by the formation of the membrana tympani, which consists of a
layer of epiblast externally, a layer of hypoblast internally, and between the two
of mesoblastic tissue constituting its fibrous and vascular layer.
With regard to
the exact mode of development of the ossicles of the middle ear there is considerable difference of opinion.
By some the malleus is believed to be developed
from the proximal end of the mandibular (Meckel's) cartilage, and the incus
from the proximal end of the hyoidean cartilage. Others, again, believe that they
are both developed from the mandibular cartilage.
A third group of observers
believe that they are developed from a hyo-mandibular cartilage, similar to
that which in some of the lower animals forms a suspensory apparatus for both
mandibular and hyoidean arches. The stapes is believed by some to bo formed
as

the other two.

vesicle,

—

H

2
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by a deposit of cartilaginous cells around the fenestra oralis by others it is
supposed to be developed from the proximal end of the hyoidean arch.
The external auditory meatus is developed, like the pinna, from the soft parts
on the posterior margin of the first visceral cleft by an outgrov^'th of the tissues
;

in this situation.

—

Development of the Nose. The olfactory fossse, like the primary auditory
formed in the first instance by a thickening and involution of the
epiblast, which takes place at a point belovv^ and in front of the ocular vesicle (fig.

vesicles, are

The thickening appears at a very early period, about the fourth week.
2, 3).
The borders of the involuted portion very soon become prominent, in conse95,

quence of the development of the mid-frontal and lateral naso-frontal plates
above spoken of (page 92), which are formed on either side of the rudimentary
As these processes increase, the fossae deepen and become converted
fossae.
into a deep channel, which eventually forms the upper part of the nasal fossaethat is, the two superior meatuses, the part to which the olfactory nerves are
distributed.
At this time they are continuous with the buccal cavity, a portion
For as
of which forms the lower part, or inferior meatus of the nasal fossse.
the palatine septum is formed, the buccal cavity is divided into two parts, the
upper of which forms the lower part of the nasal fossae, while the remainder
forms the permanent mouth.
The soft parts of the nose are formed from the coverings of the frontal proThe nose is perceptible about the end of the
jections and of the olfactorj' fossae.
second month. The nostrils are at first closed by epithelium, but this disappears
about the fifth month.
The olfactory nerve, as above pointed out, is formed from the anterior
cerebral vesicle, as a secondary vesicle on its under surface, and it lies upon the
involuted epiblast, which subsequently forms the nasal fossge.
Development of the Skin, Glands, and Soft Parts. The epidermis is produced
from the external, the true skin from the middle, blastodermic layer (fig. 82, 19, 20).
About the fifth week the epidermis presents two layers, the deeper one corresponding to the rete mucosum. The subcutaneous fat forms about the fourth
month, and the papillae of the true skin about the sixth. A considerable
desquamation of epidermis takes place during foetal life, and this desquamated
epidermis, mixed with a sebaceous secretion, constitutes the vernix caseosa, with
which the skin is smeared during the last three months of foetal life. The nails
are formed at the third month, and begin to project from the epidermis about the
sixth.
The hairs appear between the third and fourth month in the form of
depressions of the deeper layer of the epithelium, which then become inverted
by a projection from the papillary layer of the skin. The papillae grow into the
and finally, about the fifth month, the foetal hairs
interior of the epithelial layer
(lanugo) appear first on the head and then on the other parts.
These hairs drop
-

—

;

The cellular structure of
off after birth, and give place to the permanent hairs.
the sudoriferous and sebaceous glands is formed from the epithelial layer, while
the connective tissue and blood-vessels are derived from the mesoblast about the
fifth or sixth month.
The mammary gland is also formed partly from meso:

—

—

and partly from epiblast its
cellular elements.
Its first rudiment is seen about the third month, in the form
of a small projection inwards of epithelial elements, which invade the mesofrom this, similar tracts of cellular elements radiate these subsequently
blast
The development of the former,
give rise to the glandular follicles and ducts.
however, remains imperfect, except in the adult female, and especially after

blast

its

blood-vessels and connective

tissue

;

;

;

pregnancy.

Development of the Limbs. — The upper and lower limbs begin

to project, as

buds, from the anterior and posterior part of the embryo about the fourth week.
These buds are formed by a projection of the somatopleure (i.e. the outer layer
of the
its

mesoblast and the epiblast) from the point where the mesoblast

parietal

and visceral

splits into

layers, just external to the vertebral somites, of

which
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they may be regarded as lateral extensions. The division of the terminal portion
of the bud into fingers and toes is early indicated, and soon a notch or constriction
marks the future separation of the hand or foot from the fore-arm or leg. Next,
The indifferent tissue
a similar groove appears at the site of the elbow or knee.
or blastema, of which the whole projection is at first composed, is differentiated
into muscle and cartilage, before the appearance of any internal cleft for the
joints between the chief bones.
The muscles become visible about the seventh or eighth week. The vertebral
muscles appear to be develo]Ded from the muscle-plates of the proto vertebrae.
These bodies (page 8i, and fig. 82, c, 13) consist of a compact mass of cells for
the most part irregularly arranged, but externally that is to say, next the
'

'

—

—

cutaneous epiblast they become arranged in the form of a single layer of
columnar cells. This is known as the muscle-plate. On the inner surface of this
a second layer of cells makes its appearance, and these begin to elongate in an
antero-posterior direction and become developed into longitudinal gToups of
muscle-fibres. The muscles of the neck and jaws, as well as those which enclose
the cavities of the thorax and abdomen, and probably also those of the limbs, are
The cutaneous muscles are developed from
also formed from the same source.
the cutaneous portion of the middle blastodermic layer.
Development of the Blood-vascular System. There are three distinct stages
in the development of the circulatory system before it arrives at its complete or
adult condition, in accordance with the manner in which nourishment is provided

—

In the first stage there
which nutriment is extracted from the yolk or
contents of the vitelline membrane.
In the second stage there is the placental
circulation, which commences after the formation of the placenta, and during
which nutrition is obtained by means of this organ from the blood of the mother.
for at different periods of the existence of the individual.

is

the vitelline circulation, during

In the third stage there is the complete circulation of the adult, commencing at
birth, and during which nutrition is provided for by the organs of the individual
itself.
I
The vitelline circulation is carried on partly within the body of the embryo
and partly external to it in the vascular' area of the yolk. It consists of a median
tubular heart, from which two vessels (arteries) project anteriorly.
These carry
the blood to a plexus of capillaries spread over the area vasculosa, and also,
though to a less extent, in the body of the embryo. From this plexus the blood
is returned by two vessels (veins) which enter the heart posteriorly, and thus a
complete circulation is formed.
In these vessels and the heart a fluid (blood) is contained, in which rudimentary corpuscles are found.
The mode of formation of these elementary parts
will have first to be considered,
vfin mammalia the heart is formed by a dilatation of the body cavity on either
side of the median line in front of the anterior extremity of the rudimentary pharynx,
at about the level of the posterior primary cerebral vesicle.
This dilatation is
the rudiment of the future pericardium. Into it an invagination of the splanchnopleure takes place on either side of the embryo this invagination speedily becomes separated from the rest of the splanchnopleure and the aperture of invagination becomes closed.
In this manner two closed tubes are formed which present
two distinct strata of cells the inner and thinner layer, derived from the hypoblast,
forms the endocardium, the outer and thicker, derived from the visceral mesoblast,
forms the muscular wall of the heart. In its very earliest and primitive condition,
the heart consists therefore of a pair of tubes, one on either side of the body.
These, however, soon coalesce in the median line, and, fusing together, form a single
central tube.* Each of the two primary tubes receives posteriorly a large vessel (a
vein), and is prolonged anteriorly into a second vessel (an artery).
So that after
fusion of the heart-tubes has taken place, there is, in the primitive vitelline
.

;

;

In most

fishes

and in amphibia the heart originates as a single median tube.

—
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circulation, as above mentioned, a single tubular hearL with two arteries proceeding
from it and two veins emptying themselves into it./ The earliest vessels are also
formed in the visceral layer of the mesoblast. They are developed from that part
of the mesoblast which surrounds the portion of blastoderm which is occupied by
the developing body of the embryo
and which is known as the vascular
Fig. IOC. Various forms of mother- cells
undergoing development into blood-vessels,
area.'
So that the first blood-vessels
from the middle layer of the chick's blastoare developed outside the body of the
derm. (Klein.)
embryo.
The indifferent cells of
which this layer is composed become
enlarged and give off processes, which
grow out from the cells in two or more

—

'

The

directions.

cesses

fuse

or their pro-

cells

together,

network

so

that

an

formed, consisting of tubes derived from the enlarged
irregular

is

cells

and

The

nuclei of these

multiply

their 'processes

(fig.

loo).

enlarged cells

some few of the prolifeembedded in the

;

rated nuclei remain
walls of
a.

Large mother-cell vacuolated, forming the rudimeutary
b. The wall of this cell formed of protoiilasm,
with nuclei embedded, and in some cases more or less
detached and projecting, c. Processes connected with
neighbouring cells, formed of the common cellular
substance of the germinal area. rf. Blood-corpuscles.
Small mother-cells
vacuolatiou commencing. li.
/.
Mother-cell in which onlj- obscm-e granular matter is

number

the
of

cell,

them

but
are

the greater

free

and are

converted into blood-corpuscles. The
tubes or primary vessels consist in
the first instance of the original proto—
plasm of the cell, with here and there
found.
nuclei, derived from the original
divided nucleus embedded in it.
Then differentiation of the protoplasm into flattened cells around these nuclei
takes place and constitutes the wall of the capillary or the lining membrane of
the larger vessel.
In these latter, other cells, derived from the mesoblast, apply
themselves externally and form the other coats of the vessel at a later period.
The blood-discs are formed from the original divided nucleus of the vacuolated
mesoblastic cells. They are free, and accumulate, each one around itself, a small
quantity of the protoplasm of the cell, which
rapidly acquires a tinge of colour.
The
Fig. Id.
Heart at the fifth week.
earhest blood-corpuscles are therefore at first
nucleated, and in this and other respects
that is, in their possession of amoeboid movements and in their capability of undergoing
multiplication by division resemble the white
corpuscles.
As soon, however, as the liver
is formed, true white corpuscles make their
appearance, and it seems that the chief source
from which they are derived is the embryonic
Opened from the abdominal aspect, i
liver, though later on the spleen and lymphatic
Arterial sinus. 2. Aortic arches uniting
behind to form the descending aorta
glands take up this function and continue it
3. Auricle.
4. Auriculo-ventricular orifice,
after birth.
The nucleated condition of the
5. Commencing .septum ventriculorimi.
6
Ventricle. 7. Inferior vena cava. b. Posred
globules
before birth. The vitelline
ceases
terior view of the same.
i.
Trachea,
Lungs. 3. Ventricles.
2.
Auricle:
4, 5.
circulation commences about the fifteenth day
Diaphragm. 7. Descending aorta. 8,
6.
Pneumogastric nerves and their
10.
and lasts till the fifth week.
When fully
9,
brunches.
Proestablished it is carried on as follows
ceeding from the tubular heart are two arteries,
the first aortic arteries (fig. loi), which unite at some distance from the heart into a
single artery. This runs down in front of the primitive vertebrae and in the walls
of the intestinal cavity, and again divides into two primitive aortat or vertebral
vessel,

—

—

..

:

arteries,

and these give

off five or six omphalo-mesentei'ic

arteries,

—

which ramify

.
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blastoderm which surrounds the developing body of the
known as the vascular area. They terminate peripherally
This vessel surrounds the vascular
the terminal sinus.
in a circular vessel
portion of the germinal area, but does not extend up to the anterior end of the
embryo. It terminates on either side in a vein called the omphalo-mesenteric.
The two omphalo-mesenteric veins open into the opposite extremity of the heart
to that from which the arteries proceeded.
in that part of the

'

embryo and which

is

—

—

2. The Placental Circulation.
As the umbilical vesicle diminishes, the allantoic,
which is formed by a protrusion from the lower part of the intestine, enlarges
and becomes converted into a vascular chorion, a part of which forms the plaWhen the umbilical vesicle disappears this becomes the only source of
centa.
nutrition for the embryo.
The allantois carries with it two arteries, derived from
branches of the primitive aorta, and two veins these vessels become much
enlarged as the placental circulation is established, but subsequently one of the
veins disappears, and in the later stages of uterine life the circulation is carried
on between the foetus and the placenta by two arteries and one vein [umhilical)
During the occurrence of these changes great alterations take place in the
primitive heart and blood-vessels, above alluded to, which will now require
;

description.

—

Further Development of the Heart. The simple median tube, formed by the
coalescence of the pair of tubes of which the primitive heart consists, becomes
elongated and bent on itself, so as to form an S-shaped tube, the anterior part of
the tube bending over to the right, and the posterior to the left.
At the same
time the middle portion is protruded forwards and arches transversely from
left, and at the same time becomes twisted on itself so that the extremity from which the arteries are prolonged is situated in front and to the

right to

and that into which the veins enter is behind and to the left. The bent
tube then becomes divided by tw^o transverse constrictions into three partsOne, the posterior, becomes the auricles, the middle one forms the two venright,

while the anterior forms the aortic bulb, from which the
and pulmonary artery is developed. A division of
each of these cavities now takes place, so as to convert them into right and left
tricular

cavities,

commencement

of the aorta

ventricle, right

and

This division

left

auricle,

and aorta and pulmonary artery respectively.

takes place in the middle portion of the tubular heart, the
rudimentary ventricular cavities (fig. loi, a, 5).J^A partition rises up from the
first

lower part of the right wall of this cavity, and gradually grows until it reaches
the constrictions which separate it from the other two, and thus the interventricular septum is completed.
At the same time a cleft appears on the outside,
a little to the right of the most prominent- point, which ultimately becomes the
apex of the heart. The cleft becomes less marked as development progresses, but
remains, to some extent, persistent throughout life, as the interventricular groove. -yThe first appearance of a division in the postei^ior or auricular portion of the
tubular heart makes its appearance, at a very early period of development, in
the shape of two projecting pouches, one on either side ; these are the rudiments of the auricular appendages, but the actual division of the cavity by a
septum does not occur until some time after the appearance of the ventricular
septum. This is formed by the growth of a partition from the anterior wall of
the auricular cavity, which grows backwards, and partially separates the cavity

The partition, however, is not completed until after bhth, a part remaining undeveloped, and thus permitting of a communication {foramen ovale)
between the two auricles during the whole of foetal life. In a like manner, the
aortic bulb is divided into two by the growth of a septum downwards, from the
distal end of the bulb, which divides the cavity into the permanent aorta and the
pulmonary artery. Very soon a su.perficial furrow appears on the external
surface of this portion of the heart corresponding to the septum internally, and,
becoming deeper, the two vessels are gradually separated from each other
through the septum, in the immediate neighbourhood of the ventricular portion

into two.
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beyond this they still remain joined together, and give
and fifth aortic arches, presently to be described.
Further Development of the Arteries. In the vitelline circulation, two arteries
were described as coming off from the primitive heart, and running down in
The first change consists in the fusion of
front of the developing vertebrae.
these arteries into one at some distance from the heart, thus forming the
descending thoracic and abdominal aorta. In consequence of the heart falling
backwards to the lower part of the neck and then into the thorax, as the head is
developed, the two original arteries, proceeding from the heart to the point of
fusion in the common descending aorta, become elongated, and assume an
arched form, curving backwards on each side, from the front of the body towards
the vertebral column (fig. 102, a). These are the first or primitive aortic arches.
As the heart recedes into the thorax, and these arches, which correspond in
position to the first pharyngeal or mandibular arch, become elongated, four
The
pairs of arches are formed behind them around the pharynx (fig. 102).
arches, five in number, remain permanent in fishes, giving off from their convex
borders the branchial arteries to supply the gills. In many animals the five
pairs do not exist together, for the first two have disappeared before the others
but this is not so in man, where all five arches are present and
are formed
pervious during a certain period of embryonic existence. Only some of the
arches in mammalia remain as permanent structures other arches, or portions
The first two arches entirely
of them, become obliterated or disappear.
disappear.
The third remains as a part of the internal carotid artery,
the remainder being formed by the upper part of the posterior aortic
root, i.e. the descending pa.rt of the original vessel which proceeded from
the rudimentary tubular heart.
The common and external carotid are
formed from the anterior aortic root, that is, the ascending portion of the
same primitive vessel. The fourth arch on the left side becomes developed into
the permanent arch of the aorta in mammals but in birds it is the fom'th arch
on the right side which forms the aortic arch w^hile in reptiles the fourth arch
on both sides persists, as there is a permanent double aortic arch. The fourth
arch on the right side forms the subclavian artery, and by the junction of its
commencement with the anterior aortic root, from which the common carotid is
developed, it forms the innominate artery.* The fifth arch on the left side forms
the pulmonary artery and the ductus arteriosus that on the right side becomes
atrophied and disappears. The first part of the fifth left arch remains connected with that part of the bulbous aorta which is separated as the pulmonary
stem, and with it forms the common pulmonaiy artery.
From about the middle
of this arch two branches are given off, which form the right and left piilmonary arteries respectively, and the remaining portion, i.e. the part beyond the.
origin of the branches, communicating with the left fourth arch
that is, the
of

the heart, whilst

origin to the fourth

—

;

;

;

;

;

—

—

descending part of the arch of the aorta constitutes the ductus arteriosus.
This duct remains pervious during the whole of fcetal life, and after birth

becomes obliterated.
The development of the arteries in the lower part of the body is going on
during the same time. We have seen that originally there were two primitive
arteries coming off from the primary tubular heart, and that these two vessels,
at some distance from the heart, became fused together to form a single median
artery, which coursed down in front of the vertebrae to the bottom of the spinal
column, forming the permanent descending aorta. From the extremity of this
the two vitelline arteries, which were originally parts of the primitive main trunks,
passed to the area vasculosa. As the umbilical vesicle dwindles and the allantois
grows, two large branches are formed as lateral offshoots of the median aorta.
These are the two uvihilical or hypogastric arteries, and are concerned in the
This is intere.sting in connection with the position of the recurrent laryngeal nerve,
is thus seen to hook round the same primitive foetal structure, which becomes on
the right side the subclavian artery, on the left the arch of the aorta.
*

which
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The portion of the median aorta beyond this point becomes
and eventually forms the sacra media artery, and thus
two umbilical branches become in appearance bifurcating branches of the

placental circulation.

much diminished
the

FiCx. I02.

in size,

— Diagram of the formation of the aortic arches and the large arteries.
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First, second, third, fourth, and fifth abrtic arches,
a. Common trunk from which the first pair
1. lii. IV. V.
spring the place where the succeeding pairs are formed is indicated by dotted lines, b. Common trunk, with
the
trace
of
fifth,
c.
Common
trunk,
a
with
the
and
three last pairs, the first two having been
four arches
obUterated. d. The persistent arteries, those which have disappeared being indicated by dotted lines, i.
trunk.
Thoracic
aorta.
Eight
2.
branch
of
the
common tnink which is only temporary.
arterial
3.
Common
Vertebral. 7, 8. Subclavian.
6.
Common carotid. 10.
Left branch, permanent. 5. Axillary artery.
9.
4.
Internal
carotid.
Aorta.
Pulmonary
12.
artery.
and
11,
13.
Eight and left pulmonary
External;
14, 15.
1

;

arteries.

main aorta. The common and internal iliac arteries are developed from the
proximal end of these umbilical arteries the middle portion of the vessel, after
birth, becomes partially atrophied, but in part remains pervious as the superior
the distal portion becomes obliterated, constituting part of the
vesical artery
The external iliac and femoral arteries are
superior ligament of the bladder.
;

;

Fig. 103.

— Diagram to show the destination of the arterial arches in man
From

(Modified from Rathke.

Quain's 'Anatomy,' vol.

i.

pt.

and mammals,

I.

1890.)

i/cvi7as nerve-

arch op
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The truncus arteriosus and the
vessels in colours

five arterial

arches springing from

it

are represented in outline only

—those belonging to the aortic system red, to the pulmonary system

;

the permanent

blue.

developed from a small branch given off from the umbilical arteries near their
and are at first of comparatively small size.
Developme7it of the Veins. The formation of the great veins of the embryo
may be best considered under two groups, visceral and parietal.

origin,

—
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The visceral are derived from the vitelhne and umbihcal veins. In the earhest
period of the circulation of the embryo, we have seen that there were two veins
(vitelline or omphalo-mesenteric) returning the blood from the vitelline memThese unite together to form a single channel, the sinus venosus, which
brane.
opens into the auricular extremity of the heart. As soon as the placenta begins
to be formed, two umbilical veins appear and open into the sinus venosus, close
The two vitelline veins enter the abdomen and run
to the vitelline veins.
upwards, at first in front of, and subsequently on either side of the intestinal
canal at the upper part of the abdomen, in the site of the future liver, which
now begins to form around them., transverse communications are formed, which
The portion of
encircle the duodenum and enclose it in two vascular rings.
veins above these vascular rings loses its connection with the sinus, whilst the
portion between them breaks up into a capillary plexus, which ramifies in the
now partially developed liver together with capillary vessels from the upper
venous ring. Of these latter, some pass towards the heart and join the sinus.
;

T^TG. 104.

— Diagrams illustrating the development of the great veins.

H
1

The
first figure shows the vertebral veins emptying' into the heart by two lateral trunks, 'the ducts of Cuvier.'
second figure shows the formation of the iliac and subclavian veins, a. Inferior vena cava. b. Left innominate
The third figure shows the vertebiul veins much diminished in size and the duct of Cuvier on the left side,
gradually disappearing, c. Vena azygos minor. The fourth figure shows the adult condition of the venous system.
I. Eight auricle of heart.
2. Vena cava superior.
3. Jugular veins.
4. Subclavian veins.
5. Vena cava inferior.
6. Iliac veins.
8. Vena azygos major.
10. Superior intercostal vein.
9. Vena azygos minor.
7. Lumbar veins.

The

vein.

(After Dalton.)

They have received the name of the vence hepaticce, revehentes, and eventually
become the hepatic veins others ramify in the liver, under the name of veitce
hepatica aclvehentes, and become the branches of the portal vein. The lower
vascular ring receives veins from the stomach and intestines, and becomes the
;

commencement of the portal vein.
The umbilical veins at first open

into the sinus venosus near to the vitelline
Subsequently this communication becomes interrupted by the development of a vascular network the vein on the right side atrophies and disappears,
whilst that on the left side greatly enlarges, as the placental circulation becomes
established, and communicates with the upper venous circle of the vitelline
circulation.
Finally a branch is formed between the upper venous circle and
the right hepatic veins, which becomes the ductus venosus, and by it most of the
blood from the umbilical vein is carried direct to the heart.
The Parietal Veins. The first appearance of a parietal system consists in the
appearance of two short transverse veins (the ducts of Cuvier), which open on
either side of the auricular portion of the heart.
Each of these ducts is formed
veins.

;

—

DEVELOPMENT OP THE VEINS

107

by an ascending and descending vein. The ascending veins return the blood
from the parietes of the trunk and the Wolffian bodies, and are called cardinal
The two descending ones return the blood (fig. 104) from the head, and
veins.
As the kidneys are developed, the veins
are called primitive jugular veins.
conveying the blood from them unite together to form a single trunk which
passes up the abdomen behind the intestines, and, joining the common trunk of
the vitelline and umbilical veins above the point of entrance of the venae
Two small veins receivingrevehentes, constitutes the inferior vena cava.
branches from the lower extremity unite to form the lower part of the inferior
vena cava, below the point of entrance of the veins from the kidneys. These
are the primitive iliac veins, and in their course upwards they cross the cardinal
The part of the iliac vein between this
veins and communicate with them.
point of communication and their junction with one another constitutes the
common iliac vein while the distal portion forms the external iliac vein. The
internal iliac vein is formed from that part of the cardinal vein which lies below
the point of communication. The greater
part of the remainder of the cardinal vein
Fig. 105.— Diagram of the formation of
the main systemic veins.
that is to say, of that portion above the
;

—

—

becomes obliterated a small
however, at the upper extremity
remains persistent, and becomes continuous with two new veins, which are
formed one on either side of the vertebral
column. These veins receive the interiliac

veins

;

part,

costal

and lumbar

veins,

and eventually

form the azygos veins. They become
joined by an oblique communicating
branch, which crosses the middle line,
and constitutes the junction of the vena
azygos minor with the vena azygos
major. These veins are termed \he posterior vertebral veins of Rathke.
The
upper part of the left one, with its continuation, the cardinal vein, forms the
superior intercostal of the left side.

The veins

first

formed in the upper

part of the trunk are, as above stated, the

In the greater
part of their extent they become the
external jugular vein.
Shortly, two
small branches may be noticed opening
into them near their termination
these
form the subclavian and internal jugular

primitive jugular veins.

;

From

the point of junction of
these veins on the left side, a communicating branch makes its appearance,

veins.

running obliquely across the neck downwards and to the right, to open into the
primitive jugular vein of the right side

A.

Heart aod venous system at the period when there

two venae cavse superiores, posterior view.
Left superior cava. 2. Eight superior cava.
Inferior cava. 4. Left inferior cardinal. 5. Right
Eight jugular. 7. Anastoinferior cardinal.
6.
are
I.

3.

mosing branch between the jugulars
nate).

8.

Subclavian.

9.

(left

innomi-

Internal jugular.

10.

External jugular. 11. Middle obliterated portion
12. Newly-formed
of the posterior cardinal veins.
posterior vertebral veins. 13. Anastomosis between
azygos.
small
tmnk
of
14. Iliac
the two vertebrals
veins, proceeding from anastomosis between the
cardinals.
inferior cava and posterior
15. Cniral.
i5. Hypogastric— originally the distal ends of the
posterior
permanent
veins,
cardinals, b. Heart and
view. I. Obliterated left superior cava. 6. Right
Subclavian.
innominate. 7. Left innominate. 8.
17.
10. Jugular.
13. Trunk of the small azygos.
Coronary sinus receiving the coronary vein. 18.
Superior intercostal. 19. Superior small azygos.
20. Inferior small azygos.

—

below the point of entrance of the subAt the same time, in consequence of the alteration in the position
of the heart, and its descent into the thorax, the direction of the ducts of Cuvier
becomes altered, and they assume an almost vertical position. Prom the portion of the primitive jugular veins, above the branch
of communication, the
internal jugulars are formed, except that part of the right one which lies between
the point of entrance of the subclavian of this side, and the termination of the
The
communicating branch, which becomes the right innominate vein.
clavian vein.

GENEEAL ANATOMY

io8

communicating branch becomes the left innominate vein. The primitive jugular
below the communicating vein and the right duct of Cuvier,
becomes the vena cava superior, into which the right cardinal (vena azygos
major) enters. The lower part of the left primitive jugular, and the left duct
of Cuvier become almost entirely obliterated, except the lower end, which
remains as a fibrous band, or sometimes a small vein, and runs obliquely over
of the right side,

left auricle.
The termination of the
and forms the coronary sinus (fig. 105).

the posterior surface of the
x-emains persistent,

The

fcetal circulation is

left

duct of Cuvier

described at a future page.

—

Development of the Alimentary Canal. The development of the intestinal
cavity is, as shown above (page 82), one of the earliest phenomena of embryonic
Fig. 106.- -Diagrammatic outline of a longitudinal vertical section of the
chick on the fourth dav.

s,m. Somatic mesoblast.
vm. Visceral mesoblast: af. Cephalic fold. pf. Caudal fold.
hy. Hypoblast,
am. Cavity of true amnion, ijs. Yolk-sac. i. Intestine. «. Stomach and pharyns. a. Future anus, still closed.
in. Themoutb.
me. The mesentery, al. The allantoic vesicle, pp. Space between inner and outer folds of amnion.
(From Quain's 'Anatomy,' Allen Thomson.)

ep. Epiblast.

The original intestine consists of an inflection of the blastodermic layers
extending from one end of the embryo to the other, and is situated just below
the primitive vertebral column. At either extremity it forms a closed tube, in
consequence of the cephalic and caudal
Fict. 107.
Early form of the alimentary
flexures (page 81), and this manifestly
canal.
(From Kolliker, after Bischoff.)
divides it into three parts
a front

life.

—

;

enclosed in the cephalic fold,
called the fore-gut a posterior part,
enclosed in the caudal fold, the hindgut and a central part or mid-gut,
which at this time freely communicates with the umbilical vesicle (fig.
106). The ends of the fore- and hindgut do not communicate with the surface of the body, the buccal and
anal orifices being subsequently formed
by involutions of the epiblast, which
later on form communications with
the gut. From the fore-gut are developed the pharynx, oesophagus,
stomach, and duodenum; from the
hind-gut a part of the rectum and
from the middle division the rest of
The
the intestinal tube (fig. 107).
changes which take place in the foreThe middle porgut are as follow
part,

;

;

;

In A a front view, and in b an antero-posterior section are
represented, a. Pour pharyngeal or visceral plates. 6.
The pharynx, c, c. The commencing lungs, d. The
stomach. /, /. The diverticula connected with the
formation of the liver, g. The yolk-sac into which the
middle intestinal groove opens, h. The posterior part of
the intestine.

:

tion

becomes

dilated

to

form the

stomach, and undergoes a vertical rotation to the right, so that the posterior
border, by which it is attached to the vertebral column by a mesentery, is now
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left, and the anterior border to the right.
At this time it is
soon undergoes a lateral curve or bend to the right at its upper
It thus assumes an oblique direction, and the left border (originally the
end.
posterior or attached border) becomes inferior, and forms the great curvature.
The mesentery by which it was attached forms the great omentum. The portion
of the fore-gut above this dilatation remains straight, forming the pharynx and
oesophagus, and in consequence of the mesoblast being here undivided, there is
no serous investment to this part of the tube. Below this, division of the mesoblast has taken place, and the splanchnopleure alone forms the walls of the
remainder of the intestinal canal, the space between this layer and the somato-

directed to the
straight, but

it

pleure constituting the pleuro-peritoneal cavity.

The part of the fore-gut below the dilated stomach forms the duodenum, and
connection with this the liver and pancreas are developed.
The hind-gut is also a closed tube, and from it the middle third of the rectum
is developed, as well as the allantois (page 85), which will be again referred to in
connection with the development of the bladder.
The mid-gut is at first an open cavity freely communicating with the umbilical
vesicle.
As the body-walls grow, this communication contracts very materially,
though it still exists to a certain extent, and the open cavity becomes converted
into a straight tube, still open where it communicates with the umbilical vesicle.
This tube grows rapidty in length, and presents a primitive curve or loop downwards and forwards, and, in consequence of its grov^h exceeding that of the walls
of the body-cavity, a portion of the loop protrudes into the stalk of the umbilical
vesicle.
At a subsequent period, however, the walls of the abdomen grow more
rapidly than the intestine, which again recedes into the body-cavity.
At a short
distance below the most prominent point of this loop a diverticulum arises, which
marks the separation between the large and small intestine. The lower part of
this diverticulum forms the vermiform appendix
the proximal part, by its continued growth, constitutes the caecum.
After this the anterior or upper part of
the gut, corresponding to the small intestine, rapidly increases in length, and
about the eighth week becomes convoluted. The lower or posterior part, corresponding to the large intestine, is at first less in calibre than the upper part, and
lies wholly to the left side of the convolutions of the small intestine
but later
on the curve of the large intestine begins to form, and the first part (ascending
colon) slowly crosses over to the right side, first lying in the middle line, just
below the liver. It is not until the sixth month that the caecum descends into
the right iliac fossa, and so drags the ascending colon into its normal position in
in

;

;

the right flank.

The peritoneal

cavity is the space left between the visceral and parietal layers
mesoblast, and the serous membrane is developed from these structures.
The mesenteries are formed from mesoblastic tissue extending between the
notochord and the gut which develops the vascular and connective-tissue
elements of these parts.
of the

The buccal cavity is formed by an involution of the external layers of the
blastodermic membrane, which passes inwards and meets the pharynx, or upper
part of the fore-gut.
The two cavities are, however, at first completely separated
from each other by all the layers of the blastoderm but at an early period of
;

development a vertical slit appears between them this gradually widens and
becomes the opening by which the common cavity of the nose and mouth communicates with the pharynx. The common cavity is afterwards divided into
nose and mouth by the development of the palate, in the manner spoken of above.
The tongue appears about the fifth week as a small elevation behind the
inferior maxillary arch, to which another projection from the second pharyngeal
arch is united.
The epithelial layer is furnished by the epiblast. The tonsils
appear about the fourth month.
The anus is also formed by an inflection of the epiblast, which extends
inwards to a slight extent, and approaches the termination of the hind-gut.
;

;
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and finally communicates with it by a solution of continuity in the septum
between the two. The persistence of the foetal septum at either the buccal or
anal orifices constitutes a well-known deformity imperforate oesophagus or

—

imperforate rectum, as the case may be.
The liver appears after the Wolffian bodies, about the third week, in the form
of a bifid mass of cells, connected with the epithelial and mesoblastic layers of
the splanchnopleure. It projects from the intestine at that part which afterwards forms the duodenum. This mass of cells becomes hollowed out into a
cavity, lined by hypoblast, the rudiment of the main duet of the liver, the cells
on either side being developed into the right and left lobes. These grow very
rapidly around the vitelline and, later, the umbilical veins, which break up into a
About the third month the liver
capillary plexus and ramify in its substance.
almost fills the abdominal cavity. From this period the relative development of

the liver is less active, more especially that of the left lobe, which now becomes
smaller than the right but the liver remains up to the end of foetal life relatively
larger than in the adult.
The gall-bladder appears about the second month, as an extension of the
cavity from which the main duct of the liver is developed and bile is detected
in the intestines by the third month.
The pancreas is also an early formation, being far advanced in the second
month. It, as well as the salivary glands, which appear about the same period,
;

;

which afterwards forms a
gland are developed from the ramifications of this
It is generally admitted that the epithelial lining of the ducts is furcavity.
nished by the hypoblast, in the development of both the pancreas and the liver

originates in a projection from the epithelial layer,
cavity,

and the lobules

of the

their origin to the mesoblast.
But authorities differ as
formation of the parenchyma, as to whether this is entirely of
mesoblastic origin, or whether the hypoblast shares in its development.
The spleen, on the other hand, is apparently entirely of mesoblastic origin,
for there is never any connection between the intestinal cavity and the substance
It originates from the mesenteric fold which connects the stomach
of this organ.
to the vertebral column (mesogastrium).
Development of tlie Respiratory Organs. The lungs appear somewhat later
than the liver. They are developed from a small median cul-de-sac or diverticulum from the upper part of the fore-gut, immediately behind the fourth visceral
cleft, as a projection from the epithelial and fibrous laminae of the intestines.
During the fourth week a pouch is formed on either side of the central diverFrom these,
ticulum, and opens freely through it into the fore-gut (pharynx).
other (secondary) pouches are given off, so that by the eighth week the form of
the lobes of the lungs may be made out. The two primary pouches have thus
This is developed into
a common pedicle of communication with the pharynx.
the trachea (fig. loi, b), the cartilaginous rings of w^hich are perceptible about
the seventh week. The parts which afterw^ards form the larynx are recognised
as early as the sixth week viz. -a projection on either side of the pharyngeal
opening, which is the rudiment of the arytenoid cartilage and a transverse elevation from the third pharyngeal arch, which afterwards becomes the epiglottis
the vocal cords and ventricles of the larynx are seen about the fourth month.
Traces of the diaphragm appear in the form of a fine membrane, separating the
lungs from the Wolffian bodies, the stomach and the liver, whilst the heart is still
near the head. As the diaphragm extends forwards from the vertebral column
it separates the common pleuro-peritoneal cavity into two parts, a thoracic and
abdominal.
Development of the Urinary Organs. The urinary organs appear to be entirely
of mesoblastic origin, and are developed from a mass of cells, which makes its
appearance below the heart and behind the common pleuro-peritoneal cavity,
from the mesoblast at the point of separation of its two layers into somatopleure and splanchnopleure. As this ridge is situated in front of the epiblast

and that the vessels owe

to the

mode

of

—

—

;

—

;
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and behind
has been named the intermediate cellIt is at first solid, and in it is formed a cord-like arrangement of some of
mass.'
the cells, which extends longitudinally from just below the heart to the posterior
extremity of the body-cavity. In this cord-like structure a tube is hollowed out
it gradually becomes separated from the rest of the intermediate cell-mass, and
Its posterior end becomes connected with and
is then named the Wolffian duct.
On either side of its anterior end an invagieventually opens into the hind-gut.
nation of hypoblast takes place, and in the mesoblastic tissue between these
invaginations a vascular glomerulus is formed which projects into the peritoneal
It is known as the head-kidney or pronephros (Lankester), and it is
cavity.
It is a very rudimentary organ
situated in the region of the rudimentary heart.
and speedily disappears. Behind this body and to the inner side of the Wolffian
duct, between it and the body-cavity, a number of tubes are formed, which communicate by one extremity with the Wolffian duct, and, passing transversely
towards the body-cavity, terminate in coecal extremities. These tubes are called
segmental tubes, and the whole mass is known as the mid-kidney, Wolffian body,
After a time the coecal extremities become dilated
or mesonephros (Lankester).
and enclose a tuft or glomerulus of capillary blood-vessels. The Wolffian body
is not a permanent organ, at all events as regards its greater part, for as soon as
In the male,
the permanent kidneys are formed, it for the most part disappears.
however, the vasa efferentia and rete testis of the testicle are formed as outgrowths from it. In the female traces of it are left as the parovarium and
(reflected

the

from the medullary cavity)

common

,

pleuro-peritoneal cavity,

at the side of the protovertebrte
'

it

epoophoron.
Finally, in that portion of the intermediate cell-mass which lies behind the
Wolffian body, a differentiation of cells takes place which results in the formation
of a number of convoluted tubes
into this a hollow protrusion of the lower end
of the Wolffian duct grows up, and thus is formed the hind-kidney or metanephros
This is the rudimentary permanent kidney. The uriniferous con(Lankester).
;

voluted tubes and Malpighian corpuscles are formed from the intermediate cellmass, and the collecting tubules and ureter from the protrusion from the posterior

end

of the Wolffian duct.
Shortly after the formation of the Wolffian body, a second duct becomes
developed.
It arises on the outer side of this body as a slight .thickening of the
hypoblast.
This thickening then be-

comes invaginated into the mesoblast
and extends as a cord along the outer
Wolffian body, to the posextremity of the embryo.
It
speedily acquires a lumen, and is then
known as the Milllerian duct (fig. io8).
In its passage to the posterior extremity
side of the
terior

of

the

embryo

it

comes

—

FiG. io8.
Enlarged view from the front of
the left Wolffian body before the establish,
ment of the distinction of sex. (From
Farre, after Kobelt.)

into close

relation with the Wolffian duct,

the two ducts on either side

and
become
on the

connected with their fellows
opposite side by cellular substance
into a single

mass — the

genital cord

—in which the Wolffian ducts lay side

a, b, d. Tubular structure of tlie Wolffian body.
e.
Wolffian duct. /. Its upper extremity, g. Its termination
in .(•, tlie urogenital sinus, h. The duct of Miiller.
Its
i.
upper, funnel-shaped extremity, k. Its lower end, terminating in the urogenital sinus. Z. The mass of blastema
for the reproductive organ, ovary or testicle.

by side in front, and the ducts of
Miiller behind.
These latter tubes in
the substance of the genital cord become fused together, and open by a single
orifice into the hind-gut (cloaca).
At their anterior extremities the ducts of
Miiller open by a somewhat funnel-shaped orifice into the pleuro-peritoneal
cavity.
The greater part of the Mlillerian duct is in the female developed into the
Fallopian tube, but the posterior fused portion of the ducts is converted into the
uterus and vagina. In the male the greater part of the ducts disappear the fused
;
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is believed to be represented hy the simis 2^oc alar is {jiterus masculinus) of
the urethra.

It will be seen, therefore, that the Wolffian ducts, which in the male becouje
the epididymis and vas deferens, and in the female a functionless tube, the duct
of Gartner, and the Miillerian ducts, open into the common urogenital sinus
or cloaca, which is the termination of the intestinal cavity, into which the

allantois also opens in front (fig. 109).
As the allantois expands into the
urinary bladder this common cavity is divided into two by a septum, to form
the bladder in front and the rectum behind.
The urinary bladder, as before stated, is formed bj^a dilatation of a part of the
stalk of the allantois.
At the end of the second month this forms a spindleshaped cavity, the bladder.
Between
the lower extremity of the spindle-shaped
Fig. log.
Diagram of the primitive
dilatation and the primitive intestine is a
urogenital organs in the embryo
previous to sexual distinction. The
small tract of undilated allantois, formparts are shown chiefly in profile,
ing
short
canal,
which at first
a
but the MitUerian and Wolffian
opens into the urogenital sinus, but subducts are seen from the front.
sequently becomes closed by the septum
just mentioned.
From this short canal is
formed the first part of the urethra in the
male and the whole of the urethra in the
female.
The upper part of the stalk of the
allantois, which is not dilated, forms the
urachus this extends up into the umbilical
cord, and at an early period of embryonic
existence forms a tube of communication
with the allantois. It is obliterated before
the termination of foetal life, but the cord

—

;

formed by
throughout

its
life,

obliteration

perceptible

is

passing from the upper part

of the bladder to the umbilicus.

sionally remains patent in the
stituting a

well-known malformation.

The suprarenal bodies
from two

It occa-

adult, con-

different sources.

are

developed

The medul-

lary part of the organ is of epiblastic origin,

and

.

Ureter.

I'linary bladder.
5. Uraelius.
ot.
The mass of blastema from wlxicli ovary or
testicle is afterwards formed.
W. Left WoUHan
body,
u; w. Right and left Wolffian ducts.
m, m. Right and left Miillerian ducts uniting
together and with the Wolffian ducts in gc, the
genital cord. ug. Sinus urogenitalis. i. Lower
part of the intestine, cl. Common opening of the
intestine aud urogenital sinus, cp. Elevation
wliich becomes clitoris or penis. Js. Ridge from
which the lal3ia majora or scrotum are formed.
4.

is derived from the tissues forming the
sympathetic ganglia of the abdomen, while
the cortical portion is of mesoblastic origin,

and originates as an outgi'owth from the
The two
of the Wolffian body.
parts are at first quite distinct, but become
combined in the process of development.
The suprarenal capsules are at first larger
than the kidney, but become equal in size
upper part

about the tenth week, and from that time decrease relatively to the kidney,
though they remain, throughout fcetal life, much larger in proportion than in
the adult.

—

Development of the Generative Organs. The first appearance of the reproductive organs is essentially the same in the two sexes, and consists in a
thickening at one spot of the epithelial layer which lines the peritoneal or body
This is termed the germinal epithelium, and consists of two, three, or
layers of columnar cells. Beneath them an increase in the mesoblast takes
place, forming a distinct projection or ridge.
This is termed the genital ridge,
cavity.

more

and

situated on the mesial side of each Wolffian body, and from it the testicle
one sex, and the ovary in the other, are developed. Amongst the cells of
the germinal epithelium are to be seen some larger cells these eventually become
the ova or spermatozoa of the completed organ, either ovary or testes, as the
is

in the

;
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may be. The genital ridge, as the embryo grows, gradually becomes pinched
from the Wolf&an body, with which it is at first continuous, though it still
remains connected to the remnant of this body by a fold of peritoneum, the
mesorchium or mesovarium. About the seventh week the distinction of sex begins
case

off

to

be perceptible.

Development of the Ovary.—The ovary, thus formed from the genital ridge,
has become pinched off from the remains of the Wolffian body, though still
attached to it by a mesovarium, before it can be distinguished from the testicle.
It now consists of a central part of connective tissue covered by a layer or
layers of germ epithelium.
A mingling of these two tissues takes place in the
following manner.
The epithelium undergoes repeated division, so that it
apidly increases in thickness and grows downwards in the form of columns
into the central connective tissue, carrying with it some of the larger cells,
which, as above stated, are to form the ova.
Simultaneously with this an
upward growth of the connective tissue takes place between the epithelial cells.
Fig.

1

10.

—Female genital organs of the embryo, with the remains of the
Wolffian bodies.

(After J. Miiller.)

A

A.

B

From a foetal sheep a. The kidneys, b. The ureters, c. The ovaries, d. Eemains of Wolftiaii bodies, e. Fallopian tubes. /. Their abdominal openings, b. More advanced, fi-om a fcetal deer a. Body of tiie uterus, b. Cornua.
c. Tubes,
d. Ovaries,
e. Remains of "Wolffian bodies,
c. Still more advanced, from "the human foetus of three
months a. The body of the uterus. 6. The round ligament, c. The Fallopian tubes, rf. The ovaries, e. Remains
of the WolflBan bodies.
:

:

:

from this that the columns of cells, which are sometimes termed eggbecome enclosed in meshes of connective tissue. They then become
Droken up into rounded masses of epithelial cells, enclosing one or more of the
arger cells or primordial ova.
These rounded masses form the Graafian vesicles.
The larger cells form the ova, the other cells form the epithehum of the
araafian follicle, whilst the connective tissue around forms the stroma of the
)vary.
The remains of the genital epithelium on the surface of the ovary
orm the permanent epithelium of this organ.
Development of the Testicle. The testicle is developed in a very similar way

It

results

hihes,

—

the ovary, but the processes are not so well marked.
Like the ovary, in its
earliest stages it consists of a central mass of connective tissue covered by germ

pithehum, amongst which
)rimordial ova of the female.

lownward growth

of

may be seen
A thickening

columns

larger

cells,

corresponding to the

of this epithelium takes place

and a

of epithelium into the central connective tissue,

^roni these the seminiferous tubules are developed

and become connected with

aitgrowths from the Wolffian body, which, as before mentioned, form the rete

andvasa efferentia.
With regard to the other

estis

parts of the internal female organs, the Fallopian
I
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tube, as has already been mentioned,

is developed from the upper part of the
duct of Miiller, while the lower part of the two ducts approach each other, and,
lying side by side, finally coalesce to form the cavity of the uterus and vagina.
This coalescence commences in the middle of the genital cord, and corresponds
to the body of the uterus.
The upper parts of the Miillerian ducts in the
genital cord constitute the cornua of the uterus, little developed in the human
With regard to the further changes in the female organs the
species (fig. in).
only remains of the Wolffian body in the complete condition are two rudimentary
or vestigial structures, which can be found, on careful search, in the broad

Fig, III.

—Adult ovary, parovarium,
(From

ligament
near
the
ovary; i\\e. parovarium
or 0,-^^,^ of Bosenmuller
and the epooplioron (fig.
III).
The organ of
Eosenmiiller consists of
tubes
a number of
which converge to a
transverse portion, the
epoophoron, and this
is sometimes prolonged

and

Falloi^ian tube.
Farre, after Kobelt.)

into

a

distinct

running
the

duct of

which

is

duct,

transversely,

Gartner,

much more

conspicuous and extends further in some
of the lower animals.
This is the remains
of the Wolffian duct.
About the fifth month
an annu-lar constriction marks the position of the neck of the uterus, and after
the sixth month the walls of the uterus begin to thicken. The round ligament
is derived from a band containing involuntary muscular fibres, which runs down
a,

Epoophoron formed from the upper part of the Wolffian body. h.
Remains of the uppermost tubes sometimes forming liydatids. c. Middle
set of tubes, d. Some lower atrophied tubes, e. Atrophied remains of the
Wolffian duct. /. The terminal bulb or hydatid, h. The Fallopian tube,
originally the duct of Miiller.
i. Hydatid
attached to the extremity.
I. The ovary.
a.

wards from the lower part of the Wolffian body to the groin, and which in the
male forms the gubernaculum testis the peritoneum constitutes the broad liga
ment the superior ligament of the Wolffian body, which serves to connect it
;

;

with the diaphragm, disappears with that structure.
W^ith regard to the other parts of the male organs, the Miillerian ducts dis
appear, with the exception of their lower ends.
These unite in the middle line,
and open by a common orifice into the urogenital sinus. This constitutes the
utriculus hominis or sinus prostaticus.
Occasionally, however, the upper end of
the duct of Miiller remains visible in the male, constituting the little pedunculated body, called the hydatid of Morgagni, sometimes found in the neighbourhood of the epididymis,* between the testes and globus major.
The head of the epididymis, its canal, the vas deferens and ejaculatory duct
are formed from the canals and duct of the Wolffian body.
One or more of the
tubes of the Wolffian body form the vas aberrans and a structure described by
Giraldes, and called, after him, the organ of Giraldes,' which bears a good deal
of resemblance to the organ of Eosenmiiller in the other sex.
It consists of a
number of convoluted tubules, lying in the cellular tissue in front of the cord
'

and

close to the

The descent
in the

body

head

of the epididymis.

of the testis

of the

and the formation

of the

gubernaculum are described

work.

* Mr. Osborn, in the St. Thomas's Hospital Eeports,
1875, has written an interesting
paper pointing out the probable connection between this fcetal structure and one form of

hydrocele.
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The external organs of generation, like the internal, pass through a stage in
which there is no distinction of sex (fig. 112, i, 11, iii). We must therefore describe
this stage, and then follow the development of the female and male organs
respectively.

As

stated above, the anal depression at

lution of the external epithelium,

Fig. 112.

and the

an early period
intestine

—Development of the external

is

is

still

crenital

formed by an invoclosed at

lower

its

organs.

c

Iml Afferent

liipe, i. ii. m. Female. A. and B. At the middle of the fifth month.
Male.
C. At the begiiming of tlie sixth.
a'. At the begiuniug of the fom-th month,
e'. At the middle of the fourth month,
c'. At the end of the fourth
mouth. I. Cloaca. 2. Genital tubercle. 3. Glans penis or clitorldis. 4. G-enital furrow. 5. External genital folds
(labia majora or scrotum). 6. Umbilical cord. 7. Anus. 8. Caudal extremity and coccygeal tubercle. 9. Labia
minora. 10. Urogenital sinus. 11. Frrenum clitoridis. 12. Preputium penis or clitorldis. 13. Opening of the
urethra. 14. Opening of the vagina. 15. Hymen. 16. Scrotal raphe.

When the septum between the two opens, which is about the fourth, week,
the m-achus in front and the intestine behind both communicate with the anal
depression.
This, which is now called the cloaca, is afterwards divided by a
end.

Two

transverse septum, the perinaum, which appears about the second month.
I

2

GENERAL ANATOMY

ii6

tubes are thus formed the posterior becomes the lower part of the rectum, the
In the sixth week a tubercle, the genital tubercle,
is the urogenital sinus.
is formed in front of the cloaca, and this is soon surrounded by two folds of skin,
the genital folds. Towards the end of the second month the tubercle presents,
on its lower aspect, a groove, the genital furrotv, turned towards the cloaca. All
these parts are well developed by the second month, yet no distinction of sex is
;

anterior

possible.

—

Female Organs (fig. ii2,A, b, c). The female organs are developed by an
easy transition from the above. The urogenital sinus persists as the vestibule of
the vagina, and forms a single tube with the upper part of the vagina, which, as
we have aheady seen, is developed from the united Mlillerian ducts. The
genital tubercle forms the chtoris, the genital folds the labia majora, and the
An involution
lips of the genital furrow the labia minora, which remain open.
of the epithelium takes place on either side close to the root of the genital
tubercle, which becomes the glands of Bartholin.
Male Organs (fig. 112, a', b', c'). In the male the changes are greater. The
genital tubercle is developed into the penis, the glans appearing in the- third
month, the prepuce and corpora cavernosa in the foxu'th. The genital furrow
The urogenital
closes and thus forms a canal, the spongy portion of the urethra.
The genital folds
sinus becomes elongated and forms the membranous urethra.
unite in the middle line to form the scrotum, at about the same time as the
A similar
genital furrow closes
viz. between the third and fourth month.
involution of epithelium to that which in the female forms the glands of
Bartholin takes place in the male and becomes the glands of Cowper.
The following table is translated from the work of Beaunis and Bouchard,
with some alterations, especially in the earlier weeks. It will serve to present a
resume of the above facts in an easily accessible form.*

—

—

*

be noticed that the time assigned in this table for the appearance of the first
some of the bones varies in some cases from that assigned in the description
This is a point on which anatomists differ, and which
of the various bones in the sequel.
probably varies in different cases.
It will

rudiment

of

CHEONOLOGICAL TABLE
OF

THE DEVELOPMENT OE THE ECETUS
(From Beaunis and Bouchard)

—During

this period the ovum is in the Fallopian tube.
Having been
upper part of the tube, it slowly passes down, undergoing segmentation, and reaches tlae uterus probably about the end of the first week.
During this
time it does not undergo much increase in size.
Second Week. The ovum rapidly increases in size and becomes embedded in the
deeidua, so that it is completely enclosed in the decidua refiexa by the end of this
period.
An ovum believed to be of the thirteenth day after conception is described
by Eeichert. There was no appearance of any embryonic structure. The equatorial
margins of the ovum were beset with villi, but the surface in contact with the
uterine wall and the one opposite to it were bare.
In another ovum, described by His,
believed to be of about the fourteenth day, there was a distinct indication of an
embryo. There was a medullary groove bounded by folds. In front of this a slightly
prominent ridge, the rudimentary heart. The amnion was formed and the embryo
was attached by a stalk, the allantois, to the inner surface of the chorion. It may be
said, therefore, that these parts, the amnion and the aUantois, and the first rudiments
of the embryo, the medullary groove and the heart, are formed at the end of the
second week.
Third Week. By the end of the third week the flexures of the embryo have taken place,
so that it is strongly curved.
The protovertebral discs, which begin to be formed
early in the third week, present theu' full complement.
In the nervous system the
primary divisions of the brain are visible, and the primitive ocular and auditory
vesicles 'are already forraed.
The primary circulation is established. The alimentary
canal presents a straight tube communicating with the yolk-sac. The pharyngeal
arches are formed. The limbs have appeared as short buds. The Wolffian bodies

First

WeeJc.

fertilised in the

—

—

•

are visible.

—

The umbilical vesicle has attained its fuU development. The caudal
extremity projects. The upper and the lower limbs and the cloacal aperture appear.
The heart separates into a right and left heart. The si^ecial ganglia and anterior
roots of the spuial nerves, the olfactory fossae, the lungs and the pancreas can be

Fourth Week.

made

out.

—

The allantois is vascular in its whole extent. The first traces of the hands
and feet can be seen. The primitive aorta divides into aorta and pulmonary artery.
The duct of Miiller and genital gland are visible. The ossification of the clavicle
and the lower jaw commences. The cartilage of Meckel occupies the first post-oral

Fifth Week.

arch.

—

The activity of the umbilical vesicle ceases. The pharyngeal clefts
disappear. The vertebral column, primitive cranium, and ribs assume the cartilaginous
condition.
The posterior roots of the nerves, the men:ibranes of the nervous centres,
the bladder, kidney, tongue, larynx, thyroid body, the germs of teeth, and the genital
tubercle and folds are apparent.
Seventh Week. The muscles begin to be perceptible. The points of ossification of the
ribs, scapula, shaft of humerus, femur, tibia, palate, and upper jaw appear.
Eighth Week. The distinction of arm and forearm, and of thigh and leg, is apparent, as
well as the interdigital clefts.
The capsule of the lens and pupillary membrane, the
interventricular and commencement of the interauricular septum, the salivary glands,
the spleen and suprarenal capsules are distinguishable. The larynx begins to become
cartilaginous.
All the vertebral bodies are cartilaginous.
The points of ossification

Sixth Week.

—
—
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for the ulna, radius, fibula,

hard palate unite.

and ilium make

their appearance.
are now for

The sympathetic nerves

The two halves
the

first

of the

time to be

discerned.

Ninth WeeA\

—

The corpus striatum and the pericardium are first apparent. Tlie ovary and
can be distinguished from each other. The genital furrow appears. The
osseous nuclei of the bodies and arches of the vertebrae, of the frontal, vomer, and
malar bones, of the shafts of the metacarpal and metatarsal bones, and of the
phalanges appear. The luiion of the hard palate is completed. The gall-bladder is
testicle

seen.
Montli,.

—

The formation of the foetal placenta advances raj)idly. The projection of
It is possible to distinguish the male and female
the caudal extremity disappears.
organs from each other. The cloacal aperture is divided into two parts. The
cartilaginous arches on the dorsal region of the spine close.
The points of ossification
for the occipital, sphenoid, lachrynaal, nasal, squamous portion of temporal and ischium
appear, as well as the orbital centre of the superior maxillary. The pons Varolii and
fissure of Sylvius can be made out.
The eyelids, the hair, and the nails begin to form.
The mammary gland, the epiglottis, and prostate are beginning to develop. The
union of the testicle with the canals of the Wolffian body takes place.
Fourth Montli. The closure of the cartilaginous arches of the spine is complete.
Osseous points for the first sacral vertebra and os pubis appear. The ossification of the
malleus and incus takes place. The corpus callosiun, the membrana lamina spiralis,
the cartilage of the Eustachian tube, and the tyrapanic ring are seen. Fat is first
developed in the si;bcutaneous cellular tissue. The tonsils are seen, and the closure
of the genital furrow and the formation of the scrotum and prepuce take place.
Fifth Month. The two layers of the decidua begin to coalesce. Osseous nuclei of the
axis and odontoid process, of the lateral points of the first sacral vertebra, of the median
points of the second, and of the lateral masses of the ethmoid make their appearance.
Ossification of the stapes and the petroiis bone, and ossification of the germs of the
teeth take place.
The germs of the permanent teeth and the organ of Corti appear.
The eruption of hair on the head commences. The sudoriferous glands, Brunner's
glands, the follicles of the tonsil and base of the tongue, and the lymphatic glands
appear at this period. The differentiation between the uterus and vagina becomes
Third

—

—

ajjparent.

—

Sixth Month. The pomts of ossification for the anterior root of the transverse process
of the seventh cervical vertebra, the lateral points of the second sacral vertebra, the

The
of the third, the manubrium sterni and the os calcis appear.
sacro-vertebral angle forms. The cerebral hemispheres coA'er the cerebellum.
The
papillte of the skin, the sebaceous glands, and Peyer's patches make their appearance.
The free border of the nail projects from the corium of the dermis. The walls of the
uterus thicken.
Seventh Month. The additional points of the first sacral vertebra, the lateral points of
the third, the median point of the fourth, the first osseous point of the body of tlie
sternum, and the osseous point for the astragalus appear. Meckel's cartilage disappears.
The cerebral convolutions, the island of Eeil, and the tubercula quadrigemina are apparent. The pupillary membrane atrophies. The testicle passes into
the vaginal process of the peritoneum.
Eighth Month. Additional points for the second sacral vertebra, lateral points for the
fourth and median points for the fifth sacral vertebrae, can be seen.
Ninth Month: Additional points for the third sacral vertebra, lateral points for the fifth,
osseous points for the middle turbinated bone, for the body and great cornu of the
hj^oid, for the second and third pieces of the body of the sternum, and for the lower
end of the feinur appear. Ossification of the bony lamina spiralis and axis of the
cochlea takes place.
The eyelids open, and the testicles are in the scrotum.
median points

—

—
—

—

DBSCEIPTIVE AND SUEGICAL

ANATOMY
THE SKELETON
rpHE

entire skeleton in the adult consists of 200 distinct bones.

The Spine
Cranium

or vertebral

These are

column (sacrum and coccyx included)

26
8

Face

Hyoid bone, sternum, and
Upper extremities
Lower extremities

.

14
26

ribs

64
62

200

In this enumeration the patellae are included as separate bones, but the smaller
sesamoid bones, and the ossicula auditus, are not reckoned. The teeth belong
to the tegumentary system.
These bones are divisible into four classes Long, Short, Flat, and Irregular.
The Long Bones are found in the limbs, w^here they form a system, of levers,
which have to sustain the weight of the trunk, and to confer the power of
locomotion. A long bone consists of a shaft and two extremities.
The shaft is
a hollow cylinder, contracted and narrowed to afford gi'eater space for the bellies
of the muscles
the walls consist of dense, compact tissue of great thickness in
the middle, but becoming thinner towards the extremities
the spongy tissue is
scanty, and the bone is hollowed out in its interior to form the medullary canal.
The extremities are generally somewhat expanded, for greater convenience of
mutual connection, for the purposes of articulation, and to afford a broad surface
for muscular attachment.
Here the bone is made up of spongy tissue with only
a thin coating of compact substance.
The long bones are not straight, but
curved the curve generally taking place in two directions, thus affording greater
strength to the bone.
The bones belonging to this class are the clavicle,
humerus, radius, ulna, femur, tibia, fibula, metacarjjal and metatarsal bones, and
the phalanges.
Short Bones. Where a part of the skeleton is intended for strength and compactness, and its motion is at the same time slight and limited, it is divided into
a number of small pieces united together by ligaments, and the separate bones
These
are short and compressed, such as the bones of the carpus and tarstis.
bones, in their structure, are spongy throughout, excepting at their surface,
where there is a thin crust of compact substance. The patellce also, together
with the other sesamoid bones, are by some regarded as short bones.
Flat Bones. Where the principal requirement is either extensive protection
or the provision of broad surfaces for muscular attachment, we find the osseous
structure expanded into broad, flat plates, as is seen in the bones of the skull and
the shoulder-blade. These bones are composed of two thin layers of compact
In the
tissue enclosing between them a variable quantity of cancellous tissue.
:

;

;

;

:

—

—

.
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compact tissue are familiarly known as the tables
thick and tough
the inner one thinner, denser,
and more brittle, and hence termed the vitreous table. The intervening canThe flat bones are the occipital, parietal,
cellous tissue is called the diploe.
frontal, 7iasal, lachrymal, vomer, scapula, os innominatum, sternum, ribs, &ndp)atella.
The Irregular or Mixed Bones are such as, from their peculiar form, cannot
be grouped under either of the preceding heads. Their structure is similar to
that of other bones, consisting of a layer of compact tissue externally, and of
spongy cancellous tissue within. The irregular bones are the vertebrce, sacrum,
cranial bones, these layers of

of the skull

;

the outer one

is

;

:

:

coccyx, temporal, sphenoid, ethmoid, malar, superior maxillary, inferior maxillary,

and hyoid.

palate, inferior turbinated,

—

the surface of any bone is examined, certain eminences
and depressions are seen, to which descriptive anatomists have given the following names.
articular and nouThese eminences and depressions are of two kinds
Surfaces of Bones.

If

:

Well-marked examples of articular eminences are found in the heads
and of articular depressions, in the glenoid cavity of
of the humerus and femur
the scapula, and the acetabulum. Non-articular eminences are designated
according to then' form. Thus, a broad, rough, uneven elevation is called a
tuberosity
a small, rough prominence, a tubercle
a sharp, slender, pointed
eminence, a spine
a narrow^ rough elevation, running some way along the
articular.

;

;

;

;

surface, a ridge or line.

The non-articular depressions

and are described
These non-articular eminences
and depressions serve to increase the extent of surface for the attachment of
ligaments and muscles, and are usually well-marked in proportion to the musare also of very variable form,

as fossa, grooves, furroivs, fissures, notches, etc.

cularity of the subject.

A prominent process projecting from the surface of a bone, which it has
never been separate from or movable upon, is termed an apophysis (from
dTTo^vcrts, an excrescence)
but if such process is developed as a separate piece
from the rest of the bone, to which it is afterwards joined, it is termed an
epiphysis (from iTrL<f>vcn<;, an accretion).
;

THE SPINE
The Spine

is

a flexuous

and

flexible

column, formed of a series of bones called

vertebrcB (from vertere, to turn).

The Vertebrae are thirty-three in number, exclusive of those which form the
and have received the names cervical, dorsal, lumbar, sacral, and coccygeal,
according to the position which they occupy seven being found in the cervical
region, twelve in the dorsal, five in the lumbar, five in the sacral, and four in the
skull,

;

coccygeal.

This number

is

sometimes increased by an additional vertebra in one region,

number may be diminished

or the

by an additional vertebra

in another region, the deficiency being supplied

in another.

cervical portion of the spine, the
increased or diminished.

These observations do not apply to the
of bones forming which is seldom

number

The Vertebrae in the upper three regions of the spine are separate throughout
the whole of life but those found in the sacral and coccygeal regions are in the
adult firmly united, so as to form two bones five entering into the formation
of the upper bone or sacrum, and four into the terminal bone of the spine or
;

—

coccyx.

Geneeal Characters of a Vertebra
Each vertebra
body,

—

consists of two essential parts
an anterior solid segment or
and a posterior segment or arch. The arch (neural) is formed of two
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—

and two lamince, supporting seven processes viz. four articular, two
and one spinous.
The bodies of the vertebrae are piled one upon the other, forming a strong
the arches forming a hollow
pillar, for the support of the cranium and trunk
pedicles,

transverse,

;

The

different

of the articular processes

and the

cylinder behind the bodies for the protection of the spinal cord.
vertebrae are connected together

by means

while the transverse and spinous processes serve as
levers for the attachment of muscles which move the different parts of the spine.
Lastly, between each pair of vertebrae apertures exist through which the spinal
nerves pass from the cord. Each of these constituent parts must now be
separately examined.
The Body or centrum is the largest and most solid part of a vertebra. Above
and below, it is flattened its upper and lower surfaces are rough, for the
attachment of the intervertebral fibro-cartilages, and present a rim around their
circumference. In front, it is convex from side to side, concave from above
downwards. Behind, it is flat from above downwards and slightly concave from
side to side.
Its anterior surface is perforated by a few small apertures, for the
passage of nutrient vessels whilst on the posterior surface is a single large,
irregular aperture, or occasionally more than one, for the exit of veins from the
body of the vertebra the vence basis vertebrce.
The Pedicles are two short, constricted columns of bone, which project
backwards, one on each side, from the upper part of the body of the vertebra, at
the line of junction of its posterior and lateral surfaces.
The concavities above
and below the pedicles are the intervertebral notches they are four in number,
two on each side, the inferior ones being generally the deeper. When the
vertebrae are articulated, the notches of each contiguous pair of bones form the
intervertebral foramina, which communicate with the spinal canal and transmit
the spinal nerves and blood-vessels.
The Laminae are two broad plates of bone which complete the neural arch
behind, enclosing a foramen, the spinal foramen, which serves for the protection
of the spinal cord
they are connected to the body by means of the pedicles.
The Spinous Process projects backwards from the junction of the two laminae,
and serves for the attachment of muscles.
The Articular Processes, four in number, two on each side, spring from the
junction of the pedicles with the laminae.
The two superior project upwards,
their articular surfaces being directed more or less backwards
the two inferior
project downwards, their articular surfaces looking more or less forwards.*
The Transverse Processes, two in number, project one at each side from the
point where the lamina joins the pedicle, between the superior and inferior
articular processes.
They also serve for the attachment of muscles.
intervertebral

cartilages

;

;

;

—

;

;

;

Charactee of the Ceevical Veetebe^

(fig.

113)

The Cervical Vertebrae are smaller than those in any other region of the
and may readily be distinguished by the foramen in the transverse
process, which does not exist in the transverse process of either the dorsal or
spine,

lumbar

vertebrae.

The Body

is small, comparatively dense, and broader from side to side than
from before backwards. The anterior and posterior surfaces are flattened and
of equal depth
the former is placed on a lower level than the latter, and its
inferior border is prolonged downwards, so as to overlap the upper and fore part
of the vertebra below.
Its upper surface is concave transversely, and presents
a projecting lip on each side
its lower surface is convex from side to side,
concave from before backwards, and presents laterally a shallow concavity,
which receives the corresponding projecting lip of the adjacent vertebra. The
;

;

It may, perhaps, be as well to remind the reader that the direction of a sm-face
determined by that of a line drawn at right angles to it.

is
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and backwards, and are attached to the body
the upper and lower borders, so that the superior intervertebral
notch is as deep as the inferior, but it is, at the same time, narrower. The
lamince are narrow, long, thinner above than below, and overlap .each other,
enclosing the spinal foramen, which is very large, and of a triangular form.

pedicles are directed outwards

midway between

The spinous

and

bifid at the extremity to afford greater extent
muscles, the two divisions being often of
unequal size. They increase in length from the fourth to the seventh. The
the superior are of an oval form, flattened, and
articular processes are oblique
the inferior forwards and downwards. The
directed backwards and upwards
transverse processes are short, directed downwards, outwards, and forwards, bifid
at their extremity, and marked by a groove along their upper surface, which runs
downwards and outwards from the superior intervertebral notch, and serves for
They are situated in front of the
the transmission of one of the cervical nerves.

processes are short,

attachment

of surface for the

of

:

;

and on the outer side of the pedicles. The transverse processes are pierced at their base by a foramen, for the transmission of the vertebral
Each process is fornied by two roots the
artery, vein, and plexus of nerves.
articular processes

:

anterior root, sometimes called the costal process, arises from the side of the
Fig. 113.

— Cervical vertebra.

Anterior tubercle of transverse process

Foramen for

nsverse iwocess
vertehi

artery
Posterior tubercle of,transverse process

Superior articular
process
Inferior articular

process

body, and

the

is

homologue

of the rib in the dorsal region of the spine

posterior root springs from the junction of

;

the

the pedicle with the lamina, and

corresponds with the transverse process in the dorsal region. It is by the
junction of the two that the foramen for the vertebral vessels is formed. The
extremity of each of these roots forms the anterior and posterior tubercles of the
transverse processes.*
The peculiar vertebrse in the cervical region are the first, or Atlas; the
second, or Axis and the seventh, or Vertebra prominens.
The great modifications in the form of the atlas and axis are designed to admit of the nodding and
rotatory movements of the head.
The Atlas (fig. 114) is so named from supporting the globe of the head.
The chief peculiarities of this bone are that it has neither body nor spinous
The body is detached from the rest of the bone, and forms the odontoid
process.
process of the second vertebra while the parts corresponding to the pedicles
;

;

form the anterior arch. The atlas consists of an anterior arch, a
posterior arch, and two lateral masses.
The anterior arch forms about one-fifth
of the bone
its anterior surface is convex, and presents about its centre a
join in front to

:

* The anterior tubercle of the transverse process of the sixth cervical vertebra is of
large size, and is sometimes known as Chassaignac's or the carotid tubercle.'
It is in
close relation with the carotid artery, which lies
front and a little external to it so
that, as was iirst pointed out by Chassaignac, the vessel can with ease be compressed
'

'

m

asrainst

it.

'

;
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posteriorly it is concave,
t'uhercle, for the attachment of the Longus coUi muscle
and marked by a smooth, oval or circular facet, for articulation with the odontoid
process of the axis. The upper and lower borders give attachment to the anterior
occipito-atlantal and the anterior atlanto-axial ligaments which connect it with
the occipital bone above and the axis below. The posterior arch forms about
it terminates behind in a tubercle,
two-fifths of the circumference of the bone
which is the rudiment of a spinous process, and gives origin to the Eectus capitis
;

;

The diminutive size of this process prevents any interference in
movements between it and the cranium. The posterior part of the arch pre-

posticus minor.
the

sents above

and behind a rounded edge

for the attachment of the posterioi'
whilst in front, immediately behind each superior
a gxoove, sometimes converted into a foramen by a delicate

occipito-atlantal ligament,
articular process, is

bony spiculum which arches backwards from the posterior extremity of the
These grooves represent the superior intervertebral
superior articular process.
notches, and are peculiar from being situated behind the articular processes,

They serve for the transmission of the vertebral artery, which, ascending through the foramen in the
transverse process, winds round the lateral mass in a direction backwards and
inwards. They also transmit the suboccipital (first spinal) nerve. On the under
surface of the posterior arch, in the same situation, are two other grooves, placed
instead of in front of them, as in the other vertebrse.

—First cervical vertebra, or Atlas.
Diagram of
Tubercle —

Fig. 114.

5,

section of odontoid

jjrocess

Diagram of section of
transverse ligament

Foramen for
Transv.

vertebral artery

2n~oc.

Groove for vertebral artery
and 1st spinal nerve

Hudimentary spinons 'process

behind the lateral masses, and representing the inferior intervertebral notches of
other vertebrae.
They are much less marked than the superior. The lower border
also gives attachment to the posterior atlanto-axial ligament, which connects it
with the axis. The lateral masses are the most bulky and solid parts of the atlas,
in order to support the weight of the head
they present two articulating processes above, and two below.
The two superior are of large size, oval, concave, and approach each other in front, but diverge behind they are directed
upwards, inwards, and a little backwards, forming a kind of cup for the condyles of the occipital bone, and are admirably adapted to the nodding movements of the head. Not unfrequently they are partially subdivided by a more
or less deep indentation which encroaches upon each lateral margin.
The
inferior articular processes are circular in form, flattened or slightly concave
and directed downwards and inwards, articulating with the axis, and permitting the rotatory movements.
Just below the inner margin of each superior
articular surface is a small tubercle, for the attachment of the transverse
ligament which, stretching across the ring of the atlas, divides it into two
unequal parts the anterior or smaller segment receiving the odontoid process
of the axis, the posterior allowing the transmission of the spinal cord and its
membranes. This part of the spinal canal is of considerable size, to afford
space for the spinal cord
and hence lateral displacement of the atlas may
:

:

—

;
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occur withoufc compression of this structure. The transverse processes are of
large size, project directly outwards from the lateral masses, and serve for the
attachment of special muscles which assist in rotating the head. They are
their base by a canal for the vertebral
upwards and backwards.
The Axis (fig. 115) is so named from forming the pivot upon which the first
The most distinctive character of this
vertebra, carrying the head, rotates.

long,

artery,

not

and perforated

bifid,

which

is

at

directed from below,

Fig. 115.

— Second cervical vertebra, or Axis.
Odonioid

Bough

jirocess

surface for check ligaments-

—Articular surface for
atlas

Articular surfcLce foi tiaitsveise Tigament-

Body
Spinous process'
Transverse pirocess
Inferior articular process

prominent process, tooth-like in form (hence
perpendicularly from the upper surface of
The body is of a triangular form, deeper in front than behind, and
downwards anteriorly so as to overlap the upper and fore part of

bone

is

odontoid),

the

strong,

which

rises

the name
the body.

prolonged
the adja-

cent vertebra. It presents in front a median longitudinal ridge, separating two
lateral depressions for the attachment of the Longus colli muscle of either

The odontoid process presents two articulating surfaces one in front,
an oval form, for articulation with the atlas another behind for the transverse ligament the latter frequently encroaching on the sides of the process.
The apex is pointed, and gives
Fig. II 6.-Seventh cervical vertebra, or
attachment to one fasciculus
vertebra prommens.
,,.
.^ ,.
,,
of the odontoid hgament [ligaside.

:

of

;

—

„

-,

,

,

mentum suspensorium)

.

Below

the apex the process is somewhat enlarged, and presents
on either side a rough impression for the attachment of the
lateral fasciculi of the odontoid

check ligaments, which
connect it to the occipital
bone the base of the process,
where it is attached to the
body, is constricted, so as to
prevent displacement from the
or

;

which
ligament,
transverse
binds it in this situation to
the anterior arch of the atlas.
Sometimes, however, this pro-

process

cess does become displaced,
especially in children, in whom
the ligaments are more relaxed
:

the result of this accident. The pedicles are broad and strong,
especially their anterior extremities, which coalesce w^ith the sides of the body
instant death

is
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and the root of the odontoid process. The lamincB are thick and strong, and
The transverse
the spinal foramen large, but smaller than that of the atlas.
processes are very small, hot bifid, and perforated by the vertebral foramen, or
foramen for the vertebral artery, which is directed obliquely upwards and

The

outwards.

superior articular surfaces are round, slightly convex, directed

upwards and outwards, and are. peculiar in being supported on the body,
The inferior articular surfaces have the
pedicles, and transverse processes.
same direction as those of the other cervical vertebrae. The superior interthe
vertebral notches are very shallow, and lie behind the articular processes
The spinous proinferior in front of them, as in the other cervical vertebrae.
cess is of large size, very strong, deeply channelled on its under surface, and
presents a bifid, tubercular extremity for the attachment of muscles which
serve to rotate the head upon the spine.
Seventh Cervical (fig. 116). The most distinctive character of this vertebra is
the existence of a very long and prominent spinous process hence the name
;

—

;

vertebra prominens.'

This process is thick, nearly horizontal in direction, not
The transverse process
bifurcated, and has attached to it the ligamentum nuchae.
'

and prominent its upper
seldom presents more than a trace
The vertebral foramen is sometimes as large as
of bifurcation at its extremity.
in the other cervical vertebrae, but is usually smaller on one or both sides, and
sometimes wanting. On the left side it occasionally gives passage to the vertemore frequently the vertebral vein traverses it on both sides but
bral artery
the usual arrangement is for both artery and vein to pass in front of the transOccasionally the anterior root of
verse process, and not through the foramen.
It is
the transverse process exists as a separate bone, and attains a large size.
is

usually of large size, and

its

posterior tubercles large

sm'face has usually a shallow groove,

and

;

then

known

;

it

;

as a

'

cervical

rib.'

Chaeactees of the Doesal Veetebe^
The Dorsal Vertebrae are intermediate in size between those in the cervical
and those in the lumbar region, and increase in size from above downwards, the
upper vertebrae in this segment of the spine being much smaller than those in the
Fig. 117.

—A dorsal vertebra.

Superior articular process

Be mi -facet for head of rib

Facet for tubercle of rib

Demi-facet for head of rib

Inferior articular process

lower part of the region. The dorsal vertebras may be at once recognised by the
presence on the sides of the body of one or more facets or half-facets for the
heads of the ribs.

1
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The bodies of the dorsal vertebrae resemble those in the cervical and luujbar
regions at the respective ends of this portion of the spine but in the middle
of the dorsal region their form is very characteristic, being heart-shaped, and as
broad in the antero-posterior as in the lateral direction. They are thicker behind
than in front, flat above and below, convex and prominent in front, deeply concave behind, slightly constricted in front and at the sides, and marked on each
;

side,

near the root of the pedicle, by two demi-facets, one above, the other below.
Fig.

1

1

8.

— Peculiar dorsal vertebrae.

An

entire facet above
a demi-facet beloio

!^^W^Mflfm~^

^

(^emi-facet above

— One entire facet

n

entire facet
facet on trans. proc.

liich is

rudimentary

entire facet

I

No facet on
1

\

transv.

process
Infer, artic. process

convex and turned
ovvtivard

These are covered with cartilage

in the recent state, and,

when

articulated with

the adjoining vertebrae, form, with the intervening fibro-cartilage, oval surfaces
The 1)6(110168 are
for the reception of the heads of the corresponding ribs.
directed backwards, and the inferior intervertebral notches are of large size, and

deeper than in any other region of the spine. The lamincs are broad, thick, and
imbricated that is to say, overlapping one another like tiles on a roof. The

—
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foramen is small, and of a circular form. The spinous processes are long,
on transverse section, directed obliquely downwards, and terminate in
They overlap one another from the fifth to the eighth,
a tubercular extremity.
The articular processes are
but are less oblique in direction above and below.
flat, nearly vertical in direction, and project from the upper and lower parts of the
the superior being directed backwards and a little outwards and
pedicles
The
iipwards, the inferior forwards and a little inwards and downwards.
transverse processes arise from the same parts of the arch as the posterior roots
of the transverse processes in the neck, and are situated behind the articular
they are thick, strong, and of great length, directed
processes and pedicles
obliquely backwards and outwards, presenting a clubbed extremity, which is
tipped on its anterior part by a small, concave surface, for articulation with the
Besides the articular facet for the rib, three indistinct tubercles
tubercle of a rib.
may be seen rising from the transverse processes, one at the upper border, one
In man, they are comparatively of
at the lower border, and one externally.
small size, and serve only for the attachment of muscles. But in some animals
they attain considerable magnitude, either for the purpose of more closely
connecting the segments of this portion of the spine, or for muscular and
spinal

triangular

;

;

ligamentous attachment.

The peculiar
(fig.

dorsal vertebrae are the

first,

ninth, tenth, eleventh,

and twelfth

118).

The First Dorsal Vertebra presents, on each side of the tody, a single entire
head of the first rib, and a half-facet for the upper half of
The body is like that of a cervical vertebra, being broad transthe second.
The articular
versely its upper surface is concave, and lipped on each side.
surfaces are oblique and the spinous process thick, long, and almost horizontal.
The Ninth. Dorsal has no demi-facet below. In some subjects, however, the
ninth has two demi-facets on each side, then the tenth has a demi-facet at the
upper part none below.
The Tenth Dorsal has (except in the cases just mentioned) an entire articular
facet on each side above, which is partly placed on the outer surface of the pedicle.
It has no demi-facet below.
In the Eleventh Dorsal, the body approaches in its form and size to the
lumbar. The articular facets for the heads of the ribs, one on each side, are of
large size, and placed chiefly on the pedicles, which are thicker and stronger in
this and the next vertebra than in any other part of the dorsal region.
The
spinous process is short, and nearly horizontal in direction.
The transverse
processes are very short, tubercular at their extremities, and have no articular
articular facet for the

;

;

facets for the tubercles of the ribs.

The Twelfth Dorsal has the same general characters as the eleventh but
distinguished from it by the inferior articular processes being convex
and turned outwards, like those of the lumbar vertebrge by the general form of
the body,- laminae, and spinous process, approaching to that of the lumbar
vertebrae
and by the transverse processes being shorter, and marked by three
elevations, the superior, inferior, and external tubercles, which correspond to the
mammillary, accessory, and transverse processes of the lumbar vertebrae. Traces
of similar elevations are usually to be found upon the other dorsal vertebrae
;

may be

;

;

{vide

tit

supra).

ChAEACTEES of the LuMBAE VEETEBEiE
The Lumbar Vertebrse (fig. 119) are the largest segments of the vertebral
column, and can at once be distinguished by the absence of the foramen in the
transverse process, the characteristic point of the cervical vertebra, and by the
absence of any articulating facet on the side of the body, the distinguishing mark
of the dorsal vertebra.

The body is large, and has a greater diameter from side to side than from
before backwards, slightly thicker in front than behind, flattened or slightly

THE SKELETON

128

concave above and below, concave behind, and deeply constricted in front and
prominent margins, which afford a broad basis for the
support of the superincumbent weight. The pedicles are very strong, directed
backwards from the upper part of the bodies consequently, the inferior inteiThe lamince are broad, short, and
vertebral notches are of considerable depth.
at the sides, presenting

;

Fig.
Stijierior articular

9.

1
1

— Lumbar vertebra.

proc C56

and the spinal foramen triangular, larger than in the dorsal, smaller
than in the cervical, region. The spinous processes are thick and broad, somewhat quadrilateral, horizontal in direction, thicker below than above, and
strong

;

terminating by a rough, uneven border.
concave, and look backwards and inwards
YiG.

1

20.

The
;

superior articular processes are
the inferior, convex, look forwards

— Lumbar vertebra.

Inf. aiticularj^rocess

Ma m milla ry pi'ocess
Arcesso')

y process

Sup. articular process

\

the former are separated by a much wider interval than the
embracing the lower articulating processes of the vertebra above. The
transverse processes are long, slender, directed transversely outwards in the upper
three lumbar vertebrae, slanting a little upwards in the lower two. They are

and outwards
latter,

;
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situated in front of the articular processes instead of behind them as in the
Of the three tubercles
dorsal vertebrae, and are homologous with the ribs.

noticed in connection with the transverse processes of the twelfth dorsal vertebra,
the superior ones become connected in this region with the back part of the
superior articular processes, and have received the name of mammillary prothe inferior are represented by a small process pointing downwards,
cesses
;

situated at the back part of the base of the transverse process, and called the
these are the true transverse processes, which are
accessory processes

—

the external ones are the so-called
rudimental in this region of the spine
transverse processes, the homologue of the rib, and hence sometimes called
Although in man these are comparatively small, in
costal processes (fig. 120).
some animals they attain considerable size, and serve to lock the vertebrae more
;

closely together.
is characterised by having the body much
which accords with the prominence of the sacroby the smaller size of its spinous process by the wide
vertebral articulation
and by the greater size and
interval between the inferior articulating processes

The

Fifth.

Lumbar

vertebra

thicker in front than behind,
;

;

;

thickness of

its

transverse processes.

—

The structure of a vertebra differs in different
composed of light, spongy, cancellous tissvie, having a thin
coating of compact tissue on its external surface perforated by numerous orifices,
some of large size, for the passage of vessels its interior is traversed by one or
two large canals, for the reception of veins, which converge towards a single
Structure of the Vertebrae.

The body

parts.

is

;

small apertures, at the posterior part of the
each bone. The arch and processes projecting from it have, on the
contrary, an exceedingly thick covering of compact tissue.
Development. Each vertebra is formed of four primary centres of ossification
Ossifica(fig. 121), one for each lamina and its processes, and two for the body.*

large, irregular aperture, or several

body

of

—

tion

commences

in the laminje abovit the sixth

week

of foetal

life,

in the situation

where the transverse processes afterwards project, the ossific granules shooting
backwards to the spine, forwards into the pedicles, and outwards into the transOssification in the body commences in the middle
verse and articular processes.
of the cartilage about the eighth week by two closely approximated centres,
which speedily coalesce to form one central ossific .point. According to some
authors, ossification commences in the laminae, only in the upper vertebrae
i.e.
the first ossific points in the lower vertebrae
in the cervical and upper dorsal
being those which are to form the body, the osseous centres for the laminse
appearing at a subsequent period. At birth these three pieces are perfectly
During the first year the lamina become united behind by a portion
separate.
of cartilage in which the spinous process is ultimately formed, and thus the
arch is completed. About the third year the body is joined to the arch on each
side, in such a manner that the body is formed from the three original centres of
ossification, the amount contributed by the pedicles increasing in extent from
below upwards. Thus the bodies of the sacral vertebrae are formed almost
the bodies of the lumbar are formed laterally
entirely from the central nuclei
and behind by the pedicles in the dorsal region, the pedicles advance as far
forward as the articular depressions for the head of the ribs, forming these
cavities of reception
and in the neck the lateral portions of the bodies are
formed entirely by the advance of the pedicles. Before puberty, no other changes
occur, excepting a gradual increase in the growth of these primary centres
the
upper and under surfaces of the bodies, and the ends of the transverse and

—

;

;

;

;

;

* By many observers it is asserted that the bodies of the vertebrae are develoi^ed from
a single centre which speedily becomes bilobed, so as to give the appearance of two nuclei,
but that there are two centres, at all events sometimes, is evidenced by the fact that the
two halves of the body of the vertebra may remain distinct throughout life, and be
separated by a fissure through which a protrusion of the spinal membranes may take
place, constituting an anterior spina bifida.

K
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spinous processes, being tipped with cartilage, in which ossific gi-anules are not
At sixteen years (fig. 122), four secondary centres appear, one
as yet deposited.
for the tip of each transverse proFig. 121. Development of a vertebra.
cess, and two (sometimes united
By A jirimarij centres
into one) for the end of the spinous
2 for body {8th iveek)
process.
At twenty-one years (fig.
123), a thin circular epiphysial
plate of bone is formed in the layer
of cartilage situated on the upper
and under surfaces of the body,
1 for each lamina (6th iveeh)
the former being the thicker of
the two. All these become joined,
Fig. 122.
By 4 secondary centres
and the bone is completely formed
between the twenty-fifth and
thirtieth year of life.
Exceptions to this mode of
development occur in the first,
1 for each
second, and seventh cervical, and
trans, process
in the vertebrae of the lumbar
16 years

—

I

region.

—

1-

{sometimes

X)

for sinnous process (K) years)

Fig. 123.
Bji 2 addilioiial plates
.1

for up2)er s^irface.
of body
-21 years

l/or under surface
'
of body
1

Fig. 124.

By

The Atlas (fig. 124). The number of centres of ossification of the
atlas is very variable.
It may ])e
developed from two, three, four, or
five centres.
The most frequent
arrangement is by three centres.
Two of these are destined for the
two lateral or neural masses, the
which commences

ossification of

about the seventh week near the
articular processes, and extends
backwards these portions of bone
are separated from one another

—Atlas.

3 centres

;

r outer, arch. {1st yr.) not

constant
'] for each
lateral

mass

\
)

j,,f^,.,
•'

u.-th

behind,

at

interval

filled

birth,

by a

in with

naiTow
cartilage.

Between the second and
Fig. 125.

By

—Axis.

6 centres
o for
' s^

odontoid process
{6th

month)

H
^m\--

1

1

for each lateral mass

for body {6th month)

Fig. 126.
2

— Lumbar vertebra.

additional centres

third

years they unite either directly or
through the medium of a separate
centre, developed in the cartilage
in the middle line.
The anterior
arch, at birth, is altogether carti
laginous, and in this a separate
nucleus appears about the end of
the first year after birth, and extending laterally joins the neural
processes in front of the pedicles
Sometimes there are two nuclei
developed in the cartilage, one on
either

side

which

join to

the median line
form a single mass

of

And

for tubercles on superior articular p)rocess

occasionally there is nc
separate centre, but the anterioi
arch is formed by the gradual exten
sion forwards and ultimate June
tion of the two neural processes.

The Axis (fig. 125) is developed by six centres. The body and arch of this
bone are formed in the same manner as the corresponding parts in the othei

—
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one centre (or two, which speedily coalesce) for the lower part of the

The odontoid process consists originally of an
body, and one for each lamina.
extension upwards of the cartilaginous mass, in w^hich the lower part of the body
formed. At about the sixth month of foetal life, two osseous nuclei make their
appearance in the base of this process they are placed laterally, and join before
the interval between the
birth to form a conical bilobed mass deeply cleft above
cleft and the summit of the process is formed by a wedge-shaped piece of cartilage, the base of the process being separated from the body by a cartilaginous
interval, which gradually becomes ossified at its circumference, but remains carFinally, as Humphry has demontilaginous in its centre until advanced age.*
strated, the apex of the odontoid process has a separate nucleus, which appears
In addition to these there
in the second year and joins about the twelfth year.
is a secondary centre for a thin epiphysial plate on the under surface of the body

is

:

;

of

the bone.

of

the seventh cervical

The Seventh Cervical.
sixth

month

of foetal

verse process

—The anterior or costal part

is

of the transverse process
developed from a separate osseous centre at about the

life,

between the

tinues as a separate piece,

and

body and posterior division of the transand sixth years. Sometimes this process conand, becoming lengthened outwards, constitutes what
joins the

fifth

known as a cervical rib.
The Lumhar Vertebrae (fig. 126) have tivo additional centres (besides those
common to the vertebras generally) for the mammillary tubercles, which project
from the back part of the superior articular processes. The transverse process

is

the first lumbar is sometimes developed as a separate piece, which may remain
permanently unconnected with the remaining portion of the bone, thus forming
a lumbar rib
a peculiarity which is rarely met with.
Progress of Ossification in the Spine generally.
Ossification of the laminae of
the vertebrae commences at the upper part of the spine, and proceeds gradually
downwards. Ossification of the bodies, on the other hand, commences a little
below the centre of the spinal column (about the ninth or tenth dorsal vertebra),
and extends both upwards and downwards. Although, however, the ossific nuclei
make their first appearance in the lower dorsal vertebrge, the lumbar and first

of

—

—

which these nuclei are largest at birth.
Attachment of Muscles. To the Atlas are attached nine pairs the Longus
colli, Eectus capitis anticus minor, Eectus laterahs, Obliquus capitis superior and
inferior, Splenius colh. Levator anguli scapulae, First Intertransverse, and Eectus
sacral are those in

—

:

'

minor.
are attached eleven pairs the Longus colli, Levator anguli
scapulae, Splenius colli, Scalenus medius, Transversalis colli, Intertransversales,
Obliquus capitis inferior, Eectus capitis posticus major, Semi-spinahs colli,

capitis posticus

To the Axis

:

Multifidus spinae, Interspinales.

To the remaining

vertebrae, generally, are attached tlurty-five pah^s

and

a

major, Longus colli,
Scalenus anticus, medius, and posticus, Psoas magnus and parvus, Quadratus
lumborum. Diaphragm, Obliquus abdominis internus, and Transversalis abdominis, posteriorly, the Trapezius, Latissimus dorsi, Levator anguli scapulae,
Rhomboideus major and minor, Serratus posticus superior and inferior, Splenius,
Erector spinae, Iho-costalis, Longissimus dorsi, Spinalis dorsi, Cervicalis
ascendens, Transversalis colli, Trachelo-mastoid, Complexus, Biventer cervicis,
Semi-spinalis dorsi et colli, Multifidus spinae, Eotatores spinae, Interspinales,
Supraspinales, Intertransversales, Levatores costarum.

single

muscle

:

anteriorly,

the Eectus capitis anticus

Saceal and Coccygeal Vertebra

The Sacral and Coccygeal Vertebrae consist at an
pieces which are united in the adult, so

separate

*

See Cunningham, Journ. Anat.

early period of
as to form

life

of nine

two bones,

vol. xx. p. 238.

K

2

five
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entering into the formation of the sacrum, four into that of the coccyx,
sionally, the coccyx consists of five bones.*

Occa-

1

The Sacrum

The Sacrum (sacer, sacred) is a large, triangular bone (fig. 127), situated at
the lower pari of the vertebral column, and at the upper and back part of the
pelvic cavity, where it is inserted like a wedge between the two innominate
bones its upper part or base, articulating with the last lumbar vertebra, its
apex with the coccyx. The sacrum is curved upon itself, and placed very
obliquely, its upper extremity projecting forwards, and forming, with the last
;

lumbar vertebra, a very prominent angle, called the lyromontory or s aero -vertebral
angle

;

whilst

its

central part

is

Fig. 127.

directed backwards,

so as to give increased

— Sacrum, anterior surface.
JPromontoru

capacity to the pelvic

cavity.

It

presents for examination an anterior and

posterior surface, two lateral surfaces, a base, an apex

and a central

canal.

concave from above downwards, and slightly so from
In the middle are seen four transverse ridges, indicating the
side to side.
original division of the bone into five separate pieces.
The portions of bone
intervening between the ridges correspond to the bodies of the vertebrae. The
body of the first segment is of large size, and in form resembles that of a lumbarvertebra the succeeding ones diminish in size from above downwards, are
flattened from before backwards, and curved so as to accommodate themselves to
the form of the sacrum, being concave in front, convex behind. At each end of
the ridges above mentioned are seen the anterior sacral foramina, analogous to
the intervertebral foramina, four in number on each side, somewhat rounded in

The Anterior Surface

is

;

*

The

coccyx.

late

Sir

George

Humphry

O71 tJie Skeleton, p. 456.

described this as the

usual composition of

the

;
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form, diminishing in size from above downwards, and directed outwards and
they transmit the anterior branches of the sacral nerves and the lateral
External to these foramina is the lateral mass, consisting, at an
sacral arteries.

forwards

:

early period of hfe, of separate segments

these become blended, in the adult,
with the bodies, with each other, and
Fig. 128. Vertical section of the sacrum.
with the posterior transverse processes. Each lateral mass is traversed
by four broad, shallow grooves, which
lodge the anterior sacral nerves as they
pass outwards, the grooves beingseparated by prominent ridges of bone
which give attachment to the slips of
the Pyriformis muscle.
If
a vertical section is made
through the centre of the bone (fig.
128), the bodies are seen to be united
at their chcumference by bone, a wide
interval being left centrally, which, in
the recent state, is filled by interverteIn some bones, this
bral substance.
union is more complete between the
lower segments than between the
upper ones.
The Posterior Surface (fig. 129) is
convex and much narrower than the
anterior. In the middle line are three
or four tubercles, which represent the
rudimentary spinous processes of the
sacral vertebrae.
Of these tubercles,
the first is usually prominent, and
perfectly distinct from the rest
the
second and third are either separate
or united into a tubercular ridge, which
diminishes in size from above downwards the fourth usually, and the
fifth always remaining undeveloped.
External to the spinous processes on each side are the lamina, broad and
well marked in the first three pieces
sometimes the fourth, and generally
the fifth, are only partialty developed and fail to meet in the middle line.
These
partially-developed lamina are prolonged downwards, as rounded processes, the
sacral cornua, and are connected to the cornua of the coccyx.
Between them
the bony w^all of the lower end of the sacral canal is imperfect, and is liable to
be opened in the sloughing of bed-sores.
External to the laminae is a linear
series of indistinct tubercles representing the articular i^rocesses
the upper pair
ire large, well developed, and correspond in shape and direction to the superior
irticulating processes of a lumbar vertebra
the second and third are small
the fourth and fifth (usually blended together) are situated on each side of the
sacral canal and assist in forming the sacral cornua.
External to the articular
processes are the iouv ]30sterior sacral foramina they are smaller in size and less
egular in form than the anterior, and transmit the posterior branches of the
sacral nerves.
On the outer side of the posterior sacral foramina is a series of
tubercles, the rudimentary transverse processes of the sacral vertebrae.
The first
pair of transverse tubercles are of large size, very distinct, and correspond with
iach superior angle of the bone the second, small in size, enter into the f ornation of the sacro-iliac articulation the third give attachment to the oblique
[asciculi of the posterior sacro-iliac ligaments
and the fourth and fifth to the
?reat sacro-sciatic ligaments.
The interspace between the spinous and trans-'
;

—

;

;

;

;

;

;

;

;
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verse processes on the back of the sacrum presents a wide, shallow concavity,
it is continuous above with the vertebral groove, and
called the sacral groove
;

lodges the origin of the Erector spinas.
The Lateral Surface, broad above, becomes narrowed into a thin edge below.
Its upper half presents in front a broad, ear-shaped surface for articulation with
the ilium. This is called the auricular surface, and in the fresh state is coated
with fibro-cartilage. It is bounded posteriorly by deep and uneven impressions,
The lower half is thin
for the attachment of the posterior sacro-iliac ligaments.

and sharp, and gives attachment to the greater and lesser sacro-sciatic ligaments,
and to some fibres of the Gluteus maximus below, it presents a deep notch,
;

Fig. 129.

— Sacrum, posterior

siu-face.

Multifi

''V of fifth
erior sacral foramen

which

is converted into a foramen by articulation with the transverse process of
the upper piece of the coccyx, and transmits the anterior division of the fifth
sacral nerve.

The Base

sacrum, which is broad and expanded, is directed upwards
In the middle is seen a large oval articular surface, which is
connected with the under surface of the body of the last lumbar vertebra by a
fibro-cartilaginous disc.
It is bounded behind by the large, triangular orifice of
the sacral canal. The orifice is formed behind by the laminae and spinous process of the first sacral vertebra the superior articular processes project from it
on each side they are oval, concave, directed backwards and inwards, like the
superior articular processes of a lumbar vertebra and in front of each articular
process is an intervertebral notch, which forms the lower half of the last intervertebral foramen.
Lastly, on each side of the large oval articular surface is a
broad and flat triangular surface of bone, which extends outwards, supports the
Psoas magnus muscle and lumbo-sacral cord, and is continuous on each side with
the iliac fossa.
This is called the ala of the sacrum, and gives attachment to a
few of the fibres of the Ihacus muscle.
of the

and forwards.

:

;

;
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The Apex, directed downwards and forwards, presents a

small, oval, concave

surface for articulation with the coccyx.

The Spinal Canal runs throughout the greater part of the bone it is large
and triangular in form above small and flattened, from before backwards, belowIn this situation its posterior wall is incomplete, from the non-development of
;

;

It lodges the sacral nerves, and is perthe laminae and spinous processes.
forated by the anterior and posterior sacral foramina, through which these pass
out.

—

much loose, spongy tissue within, invested externally
compact tissue.
Differences in the Sacrum of the Male and Female.
The sacrum in the
female is usually wider than in the male the lower half forms a greater angle
with the upper the upper half of the bone being nearly straight, the lower half
presenting the greatest amount of curvature. The bone is also directed more
but the
obliquely backwards, which increases the size of the pelvic cavity
In the male the curvature is more evenly
sacro-vertebral angle projects less.
distributed over the whole length of the bone, and is altogether greater than in
Structure.

by a thin layer

It consif^ts of

of

—

;

;

;

the female.
of the

Peculiarities

pieces

;

occasionally, the

Sacrum.

— This

number

is

bone,

in

some

cases,

consists

of

six

Sometimes the bodies of
or the laminge and spinous processes

reduced to

four.

the first and second segments are not joined,
have not coalesced. Occasionally, the upper pair of transverse tubercles are not
and, lastly, the sacral canal
joined to the rest of the bone on one or both sides
may be open for nearly the lower half of the bone, in consequence of the imThe sacrum, also,
perfect development of the laminge and spinous processes.
From the examination
varies considerably with respect to its degree of curvature.
of a large number of skeletons, it would appear that, in one set of cases, the
anterior surface of this bone was nearly straight, the curvature, which was very
slight, affecting only its lower end.
In another set of cases, the bone was
curved throughout its whole length, but especially towards its middle. In a
third set, the degree of curvature was less marked, and affected especially the
lower third of the bone.
Development (fig. 130). The sacrum, formed by the union of five vertebrae,
has thirty-five centres of ossification.
The bodies of the sacral vertebree have each three ossific centres one for the
central part, and one for the epiphysial plates on its upper and under surface.
Occasionally the primary centres for the bodies of the first and second piece of
;

—

:

the

sacrum are double.
The arch of each sacral vertebra

is developed by two centres, one for each
These unite with each other behind, and subsequently join the body.
The lateral masses have six additional centres, two for each of the first three
vertebrae.
These centres make their appearance above and to the outer side of
the anterior sacral foramina (fig. 130), and are developed into separate segments
(fig. 131)
they are subsequently blended with each other, and with the bodies
and transverse processes, to form the lateral mass.
Lastly, each lateral surface of the sacrum is developed by two epiphysial
plates (fig. 132)
one for the auricular surface, and one for the remaining part of

lamina.

;

:

the thin lateral edge of the bone.

Period of Development.

— At about the eighth or ninth week

of foetal

fication of the central part of the bodies of the first three vertebrae

and, at a somewhat later period, that of the last two.
eighth month ossification of the laminae takes place

;

life,

ossi-

commences

;

Between the sixth and
and at about the same

period, the characteristic osseous tubercles for the first three sacral vertebrae

make

their appearance.
The period at which the arch
the junction of the laminae with the bodies in front, and
varies in different segments.
The junction between the
takes place first in the lower vertebrae as early as the

becomes completed by
with each other behind,
laminae and the bodies
is not

second year, but
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effected in the

uppermost

vmtil the fifth or

About the sixteenth

sixth j^ear.

year the epiphyses for the upper and under surfaces of the bodies are formed
and between the eighteenth and twentieth years, those for each lateral surface
of the sacrum make their appearance.
The bodies of the sacral vertebrae are,
during early life, separated from each
other by intervertebral discs. But about
Fig. 130, Development of the sacrum.
the eighteenth year the two lowest seg;

—

Adclitional centres

for the first three jjieces

''

ments become joined together by

ossifi-

cation extending through the disc.

This
process gradually extends upwards until
all the segments become united
and the
bone is completely formed from the
twenty-fifth to the thirtieth year of life.
Articulations.
With four bones the
last lumbar vertebra, coccyx, and the two
innominate bones.
Attachment of Muscles. To eight
pairs
in front, the Pyriformis and
Coccygeus, and a portion of the Iliacus
to the base of the bone
behind, the
Gluteus maximus, Latissimus dorsi,
Multifidus spinae, and Erector spinas,
and sometimes the Extensor coccygis.
;

At

birth

—

:

—

Fig. 131.

:

;

At

U

ijrs.

The Coccyx

Fig. 132.
Tiuo ejnjihysial lamina
for each lateral surface *

The Coccyx (kokkv^, cuckoo), so called
from having been compared to a cuckoo's
beak (fig. 133), is usually formed of four
small segments of bone, and is the most
rudimentary part of
the vertebral
column. In each of the first three segments may be traced a rudimentary
body, articular and transverse processes
the last piece (sometimes the third) is a
mere nodule of bone, without distinct
processes.
All the segments are destitute of pedicles, laminae, and spinous
;

At
25th year

processes

;

and, consequently, of inter'

foramina and spinal canal.
The first segment is the largest it
resembles the lowermost sacral vertebra,

vertebral

;

and often

exists as a separate piece

;

the

diminishing in size from above
downwards, are usually blended together
so as to form a single bone.
The gradual diminution in the size of the pieces
gives this bone a triangular form, the base of the triangle joining the end of the
sacrum. It presents for examination an anterior and posterior surface, two
borders, a base, and an apex.
The anterior surface is slightly concave, and
marked with three transverse grooves, indicating the points of junction of the
different pieces.
It has attached to it the anterior sacro-coccygeal ligament and
Levator ani muscle, and supports the lower end of the rectum. Th^ posterior
surface is convex, marked by transverse grooves similar to those on the anterior
surface and presents on each side a lineal row of tubercles, the rudimentary
articular processes of the coccygeal vertebrse.
Of these, the superior pair are
large, and are called the cornua of the coccyx
they project upwards, and articulate with the cornua of the sacrum, the junction between these two bones comlast three,

;

:

;
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pleting the fifth posterior sacral foramen for the transmission of the posterior
division of the fifth sacral nerve.
The lateral borders are thin, and present a

eminences, which represent the transverse processes of the
coccygeal vertebrae. Of these, the first on each side
is the largest, flattened from before backwards,
-Coccyx.
Fig. 1
and often ascends to join the lower part of the thin
Corniia
lateral edge of the sacrum, thus completing the
series of small

fifth

anterior sacral

foramen

for the transmission

of the anterior division of the fifth sacral

nerve
above down-

the others diminish in size from

wards, and are often wanting. The borders of
the coccyx are narrow, and give attachment on
each side to the sacro-sciatic ligaments, to the

Coccygeus muscle in front of the ligaments, and
Gluteus maximus behind them. The base
presents an oval surface for articulation with the
sacrum. The ajyex is rounded, and has attached
Anterior surface
to it the tendon of the external Sphincter muscle.
It is occasionally bifid, and sometimes deflected
to one or other side.
Development. The coccyx is developed by
four centres, one for each piece. Occasionally
one of the first three pieces of this bone is
developed by two centres, placed side by side.
The ossific nuclei make their appearance in the
following order in the first segment at birth in
the second piece, at from five to ten years in
the third, from ten to fifteen years in the fourth
from fifteen to twenty years. As age advances,
these various segments become united in the folPosterior surface
lowing order the first two pieces join then the
third and fourth
and, lastly, the bone is completed by the union of the second and third.
At a late period of life, especially
in females, the coccyx often becomes joined to the end of the sacrum.
Articulation.
With the sacrum.
Attachment of Muscles. To four pairs and one single muscle on either side,
the Coccygeus behind, the Gluteus maximus and Extensor coccygis, when
present at the apex, th^ Sphincter_affli j_3ndJLn^i3?€aiii/ the Levator ani.
to the

—

:

;

;

;

:

;

;

—

—

:

;

;

Of the Spine

in

general

The Spinal Column, formed by the junction of the vertebrse, is situated in the
median hne, at the posterior part of the trunk its average length is about two
feet two or three inches, measuring along the curved anterior surface of the
column. Of this length the cervical part measures about five, the dorsal about
eleven, the lumbar about seven inches, and the sacrum and coccyx the remainder.
The female spine is about one inch less than the male.
Viewed in front, it presents two pyramids joined together at their bases, the
upper one being formed by all the vertebrae from the second cervical to the
When examined more
last lumbar, the lower one by the sacrum and coccyx.
The
closely, the upper pyramid is seen to be formed of three smaller pyramids.
uppermost of these consists of the six lower cervical vertebrae its apex being
formed by the axis or second cervical, its base by the first dorsal. The second
pyramid, which is inverted, is formed by the four upper dorsal vertebrae, the base
being at the first dorsal, the smaller end at the fourth. The third pyramid
commences at the fourth dorsal, and gradually increases in size to the fifth
;

;

lumbar.
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Fig. 134.

— Lateral view

of the spine.

Viewed laterally (fig. 134), the spinal
column presents several curves, which
correspond to the different regions of the
column, and are called cervical, dorsal,
lumbar, and 2)d vie. The cervical curve
commences at the apex of the odontoid
process, and terminates at the middle of
the second dorsal vertebra it is convex
;

the least marked of all
the curves. The dorsal curve, which
is concave forwards, commences at the

and

in front,

is

middle of the second and terminates at
the middle of the twelfth dorsal vertebra.
Its most prominent point behind
corresponds to the spine of the seventh
dorsal.
The lumbar curve commences
at the middle of the last dorsal vertebra,
and terminates at the sacro-vertebral
angle.
It is convex anteriorly
the
convexity of the lower three vertebrae
being much greater than that of the
upper ones. The pelvic curve com;

mences at the sacro-vertebral articulation, and terminates at the point of the
coccyx.
It is concave anteriorly.
The
dorsal and pelvic curves are the primary
curves, and begin to be formed at an
early period of foetal life, and are due to
the shape of the bodies of the vertebra.
cervical and lumbar curves are

The

secondary, and are
developed after birth in order to maintain the erect position.
They are due
mainly to the shape of the intervertebral

compensatory or

discs.

The spine has

1st

lum

also a slight lateral
convexity of which is
directed towards the right side.
This
is most probably produced, as Bichat

curvature,

first

the

'chiefly by muscular
most persons using the right

explained,

action

;

arm in preference to the left, especially
making long-continued efforts, when

in

the body

In
is curved to the right side.
support of this explanation, it has been
found, by Beclard, that in one or two
individuals

who were

lateral curvature

was

left-handed, the

directed to the

left

side.

The

spinal

column presents

for ex-

amination an anterior, a posterior, and
two lateral surfaces a base, summit,
:

and spinal

canal.

The anterior surface presents the
bodies of the vertebrae separated in the
recent state by the intervertebral discs.
The bodies are broad in the cervical
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narrow in the upper part of the dorsal, and broadest in the lumbar region.
The whole of this surface is convex transversely, concave from above downwards
in the dorsal region, and convex in the same direction in the cervical and lumbar
region,

regions.

The

posterior surface presents in the

These are short, horizontal, with

median

dorsal region, they are directed obliquely above,
tion in the middle,
vertebrge.

They

line the

spinous processes.

bifid extremities, in the cervical region.

assume almost a

and are horizontal below, as are

In the

vertical direc-

lumbar
by narrower

also the spines of the

are separated by considerable intervals in the loins,

and are closely approximated in the middle of the dorsal
Occasionally one of these processes deviates a little from the median
line
a fact to be remembered in practice, as irregularities of this sort are attendant also on fractures or displacements of the spine. On either side of the
spinous processes, extending the whole length of the column, is the vertebral
groove formed by the laminae in the cervical and lumbar regions, where it is
shallow, and by the laminae and transverse processes in the dorsal region, where
it is deep and broad.
In the recent state, these grooves lodge the deep muscles
of the back.
External to the vertebral grooves are the articular processes, and
still more externally the transverse process.
In the dorsal region, the latter
processes stand backwards, on a plane considerably posterior to the same processes in the cervical and lumbar regions.
In the cervical region, the transverse
processes are placed in front of the articular processes, and on the outer side of
the pedicles, between the intervertebral foramina.
In the dorsal region they are
posterior to the pedicles, intervertebral foramina, and articular processes.
In the
lumbar, they are placed also in front of the articular processes, but behind the
intervertebral foramina.
The lateral surfaces are separated from the posterior by the articular processes in the cervical and lumbar regions, and by the transverse processes in the
dorsal.
These surfaces present in front the sides of the bodies of the vertebrae,
marked in the dorsal region by the facets for articulation with the heads of the
ribs.
More posteriorly are the intervertebral foramina, formed by the juxtaposition of the intervertebral notches, oval in shape, smallest in the cervical and
upper part of the dorsal regions, and gradually increasing in size to the last
lumbar. They are situated between the transverse processes in the neck, and
in front of them in the back and loins, and transmit the spinal nerves.
The base of that portion of the vertebral column formed by the twenty-four
movable vertebrae is formed by the under surface of the body of the fifth lumbar
vertebra and the summit by the upper surface of the atlas.
The vertebral or spinal canal follows the different curves of the spine it is
largest in those regions in which the spine enjoys the greatest freedom of movement, as in the neck and loins, where it is wide and triangular and narrow and
roimded in the back, where motion is more limited.
intervals in the neck,

region.

—

;

;

;

Surface Form.

—

Tlie only part of the vertebral column which lies closely under the
These
so directly influences surface form, is the apices of the spinous processes.
are always distinguishable at the bottom of a median furrow, which, more or less evident,
runs down the mesial line of the back from the external occipital protuberance above to
the middle of the sacrum below.
In the neck the furrow is broad, and terminates in a
conspicuous projection, which is caixsed by the spinous process of the seventh cervical
vertebra (vertebra prominens). Above this the spinous process of the sixth cervical
skin,

and

vertebra inay sometimes be seen the other cervical spines are sunken, and are not visible,
though the spine of the axis can be felt, and generally also the spines of the third, fourth,
and fifth cervical vertebras. In the dorsal region, the farrow is shallow, and during
stooping disappears, and then the spinous processes become more or less visible. The
markings produced by these spines are small and close together. In the lumbar region
the furrow is deep, and the situation of the lumbar spines is frequently indicated by little
pits or depressions, especially if the muscles in the loins are weU developed and the spine
incurved. They are much larger and farther apart than in the dorsal region. In the
sacral region the furrow is shallower, presenting a flattened area which terminates below
at the most prominent part of the posterior surface of the sacrum, formed by the spinous
;
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of the third sacral vertebra.
At the bottom of the furrow inay be felt tlie
irregular posterior surface of the bone.
Below this, in the deep groove leading to the
anus, the coccyx may be felt. The only other portions of the vertebral column which can
be felt from the surface are the transverse processes of three of the cervical vertebrae viz.
the iirst, the sixth, and the seventh. The transverse process of the atlas can be felt as a
rounded nodule of bone just below and in front of the apex of the mastoid process, along
the anterior border of the sterno-mastoid. The transverse process of the sixth cervical
vertebra is of surgical importance. If deep pressure be made in the neck, in the course of
the carotid artery, oj)posite the cricoid cartilage, the prominent anterior tubercle of the
transverse process of the sixth cervical vertebra can be felt. This has been named
Cliassaignac' s tubercle, and against it the carotid artery may be most conveniently comThe transverse process of the seventh cervical vertebra can also
pi'essed by the finger.
Occasionally the aiaterior root, or costal process, is large and segmented off,
often be felt.
forming a cervical rib.

process

—

—

Surgical Anatotny. Occasionally the coalescence of the laminae is not completed, and
the arches of the vertebrae, through Avhich a protrusion of
consequently a cleft is left
the spinal membranes (dm'a mater and arachnoid), and sometimes of the spinal cord
This disease is most
itself, takes place, constituting the disease known as sjpina hificla.
common in the lumbo-sacral region, on account of the fact, previously' stated, that the closure
but it may occur in the dorsal
of the arches takes place gradually from above downwards
or cervical region, or the arches throughout the whole length of the canal may remain
unapproximated. In some rare cases, in consequence of the non- coalescence of the two
primary centres from which the body is formed, a similar condition may occur in front of
the canal, the bodies of the vertebrte being found cleft and the tumour projecting into the
thorax, abdomen, or pelvis, between the lateral halves of the bodies affected.
The construction of the spmal column of a number of pieces, seciu'ely connected together
and enjoyuag only a slight degree of movement between any two individual pieces, though
permitting of a very considerable range of movement as a whole, allows a sufficient degree
The inany joints of which the
of mobility without any material diminution of strength.
spine is composed, together with the very varied movements to which it is subjected,
render it liable to sprains but so closely are the individual vertebrae articulated that these
sprains are rarely or ever severe, and any amotmt of violence sufficiently great to produce
tearing of the ligaments Avould tend rather to cause a dislocation or fracture. The further
safety of the column and its less liability to injury is provided for by its disposition in
curves, instead of in one straight line.
For it is an elastic column, and must first bend
before it breaks under these circumstances, being made up of three curves, it represents
three columns, and greater force is required to produce bending of a short column, than
of a longer one that is equal to it in breadth and material.
Again, the safety' of the column
is provided for by the interposition of the intervertebral disc between the bodies of the
vertebrae, which act as admirable buffers in counteracting the effects of violent jars or
shocks. Fracture-dislocation of the spine may be caused by direct or indn-ect violence or
by a combination of the two, as when a person, falling from a height, strikes against some
prominence and is doubled over it. The fractures from indirect violence are the more
common, and here the bodies of the vertebrae are compressed, whilst the arches are torn
asunder in fractures from direct violence, on the other hand, the arches are compressed and
the bodies of the vertebras separated from each other. It will therefore be seen that in both
classes of injury the spmal marrow is the part least likely to be injured, and may escape
damage even where there has been considerable lesion of the bony framework. For, as Mr.
Jacobson states, being lodged in the centre of the cokimn, it occupies neutral ground in
respect to forces which might cause fracture. For it is a law in mechanics that when a
beam, as of timber, is exposed to breakage and the force does not exceed the limits of the
strength of the material, one division resists compression, another laceration of the
particles, while the third, between the two, is in a negative condition.' *
Applying this
prmciple to the spine, it will be seen that, whether the fractm-e-dislocation be produced
by direct violence or indirect, one segment, either the anterior or posterior, will be exposed to compression, the other to laceration, and the intermediate part, where the cord
is situated, will be in a neutral state.
When a fracture-dislocation is produced bj^ indirect
violence, the displacement is almost always the same the upj)er segment bemg driven
forwards on the lower, so that the cord is compressed between the body of the vertebra
below and the arch of the vertebra above.
The parts of the spine most liable to be injured are (i) the dorsi-lumbar region, for
this part is near the middle of the column and there is therefore a greater amount of
leverage, and moreover the portion above is comparatively fixed, and the vertebrae which
form it, though much smaller, have nevertheless to bear almost as great a weight as those
below (2) the cervico-dorsal region, because here the flexible cervical portion of the spine
joins the more fixed dorsal i'egion and (3) the alto-axoid region, because it enjoys an
extensive range of movement, and, beiiig near the skull, is influenced by violence applied
to the head.
In fi-acture-dislocation it has been proi^osed to trephine the spine and remove
portions of the laminae and spinous processes. The operation can only be of use when

m

;

;

;

;

'

;

;

;

*

Holmes's System of Sm-gery,

vol.

i.

p. 529.

1883.
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the paralysis is due to the pressure of bone or the effusion of blood, and not to cases,
which are by far the most common, where the cord is crushed to a pulp. And even in
those cases where the cord is compressed by bone, the portion of displaced bone which
presses on the cord is generally the body of the vertebra below, and is therefore inaccessible
The operative proceeding is one of great severity, involving an extensive
to operation.
and deep wound and great risk of septic meningitis, and as the advantages to be derived
from it are exceedingly problematical and confined to a very few cases, it is not often
Trephining has also been employed in some cases of paraplegia, due to
resorted to.
Here the paralysis is due to the presstire of inflammatory
Potts's disease of the spine.
products, and where this is new scar-tissue, formed by the organisation of granulation
tissue, its removal has been attended with a very considerable amount of success.

THE SKULL
The Skull, or superior expansion of the vertebral cokTmn, has been described
composed of four vertebrae, the elementary parts of which are specially
modified in form and size, and almost immovably connected, for the reception of
These vertebrae are the occipital,
the brain and special organs of the senses.
Descriptive anatomists, however, divide the skull
parietal, frontal, and nasal.
The Cranium {Kpavo<s, a helmet) is
into two parts, the Cranium and the Face.
composed of eigM bones viz. the occipital, two parietal, frontal, two temporal,
The face is composed of fourteen bones viz. the two
sphenoid, and ethmoid.
nasal, two superior maxillary, t^fo lachrymal, two malar, iy^o palate, iy^o inferior
The ossicula auditils, the teeth, and
turbinated, vomer, and inferior maxillary.
Wormian hones are not included in this enumeration.
as

if

—

—

Occipital.

Two
'

Skull, 22 bones

parietal.

Frontal.

Cranium, 8 hones

Two

Temporal.
Sphenoid.
^Ethmoid.
/Two Nasal.
Two Superior Maxillary.

i

Face, 14

bojies
\

Two
Two
Two
Two

Lachrymal.
Malar.
Palate.

Inferior Turbinated.

Vomer.
\

Inferior Maxillary.

The Occipital Bone
The Occipital Bone (ob, caput, against the head) is situated at the back part and
base of the cranium. It is trapezoid in shape and is much curved on itself (fig. 135).
It presents at its front and lower part a large oval aperture, the forct^nen magnum,
by which the cranial cavity communicates with the spinal canal. The portion
of bone behind this opening is flat and expanded and forms the tahula
the
portion in front is a thick, elongated mass of bone, the hasilar process whilst on
either side of the foramen are situated processes bearing the condyles, by which
These processes are known as the condylar
the bone articulates with the atlas.
portions.
It presents for examination two surfaces, four borders, and four
;

;

angles.

The external surface is convex. Midway between the summit
and the posterior margin of the foramen magnum is a prominent

of the

bone

tubercle, the

external occipital protuherance, for the attachment of the Ligamentum nuchse
and descending from it as far as the foramen, a vertical ridge, the external occipital
;

This tubercle and crest vary in prominence in different skulls. Passingoutwards from the occipital protuberance is a semicircular ridge on each side,

crest.
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the superior curved,

marked

line.

Above

this

Hne there

is

often a second less distinctl}-

ridge, called the highest curved line {linea supremo), to

it the epicranial
aponeurosis is attached. The bone between these two lines is smoother and
denser than the rest of the surface. Running parallel with these from the middle
of the crest is another semicircular ridge on each side, the inferior curved line.
The surface of the bone above the linea suprema is rough and porous, and, in the
recent state, is covered by the Occipito-frontalis muscle, whilst the ridges, as
well as the surface of the bone between them, serve for the attachment of
numerous muscles. The superior curved line gives attachment internally to the
Trapezius, externally to the muscular origin of the Occipito-frontalis, and to the
Sterno-cleido-mastoid, to the extent show^n in fig. 135
the depressions between
the curved lines to the Complexus internally, the Splenius capitis and Obliquus
;

Fig. 135.

The

capitis superior externally.
it,

— Occipital bone.

inferior

Outer surface.

curved

afford insertion to the Eectus capitis posticus,

line, and the depressions below
major and minor.

The foramen magnum is a large, oval aperture, its long diameter extending
from before backwards. It transmits the medulla oblongata and its membranes,
the spinal accessory nerves, the vertebral arteries, the anterior and posterior
Its back part is wide for the
spinal arteries, and the occipito-axial ligaments.
transmission of the medulla, and the corresponding margin rough for the attachment of the dura mater enclosing it the fore part is narrower, being encroached
upon by the condyles it has projecting towards it, from below, the odontoid
process, and its margins are smooth and bevelled internally to support the
medulla oblongata. On each side of the foramen magnum are the condyles, for
they are convex, oblong or reniform in shape, and
articulation with the atlas
they converge in front, and encroach
directed downwards and outwards
slightly upon the anterior segment of the foramen.
On the inner border of each
;

;

;

;

:
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condyle is a rough tubercle for the attachment of the ligaments (check) which
connect this bone with the odontoid process of the axis whilst external to them
is a rough tubercular prominence, the transverse or jugular process (the representative of the transverse .process of a vertebra), channelled in front by a deep
notch, which forms part of the jugular foramen, or foramen lacerum posterius.
The under surface of this process presents an eminence, which represents the
;

IKtramastoid process of some mammals.
The eminence is occasionally large, and
extends as low as the transverse process of the atlas. This surface affords
attachment to the Eectus capitis lateralis muscle and to the lateral occipitoatlantal ligament
its upper or cerebral surface presents a deep groove which
lodges part of the lateral sinus, whilst its external surface is marked by a quadri;

rough

covered with cartilage in the fresh state, and articulating with
on the petrous portion of the temporal bone. On the outer
side of each condyle, near its fore part, is a foramen, the anterior condyloid it is
directed downwards, outwards, and forwards, and transmits the hypoglossal
nerve, and occasionally a meningeal branch of the ascending pharyngeal artery.
This foramen is sometimes double. Behind each condyle is a fossa,* sometimes
perforated at the bottom by a foramen, the p)osterior condyloid, for the transmission of a vein to the lateral sinus. In front of the foramen magnum is a
strong quadrilateral plate of bone, the basilar process, wider behind than in
front
its under surface, which is rough, presenting in the median line a
tubercular ridge, the pharyngeal spine, for the attachment of the tendinous
raphe and Superior constrictor of the pharynx and on each side of it, rough
depressions for the attachment of the Eectus capitis anticus, major and minor.
lateral

facet,

a similar surface

;

;

;

The Internal

or Cerebral Surface (fig. 136) is deeply concave.
The posterior
divided by a crucial ridge into four fossae.
The two superior
fossae, receive the occipital lobes of the cerebrum, and present slight eminences
and depressions corresponding to their convolutions. The two inferior, which

part or tabula

is

receive the hemispheres of the cerebellum, are larger than the former,

paratively
arteries.

and comsmooth both are marked by slight grooves for the lodgment of
At the point of meeting of the four divisions of the crucial ridge is an
;

eminence, the internal occipital protuberance. It nearly corresponds to that
on the outer surface, and is perforated by one or more large vascular foramina.
From this eminence, the superior division of the crucial ridge runs upwards to the
superior angle of the bone it presents a deep groove for the superior longitudinal
sinus, the margins of which give attachment to the falx cerebri.
The inferior
division, the internal occipital crest, runs to the posterior margin of the foramen
magnum, on the edge of which it becomes gradually lost this ridge, which is
bifurcated below, serves for the attachment of the falx cerebelli. It is usually
marked by a single groove, which commences at the back part of the foramen
magnum and lodges the occipital sinus. Occasionally the groove is double where
two sinuses exist. The transverse grooves pass outwards to the lateral angles
they are deeply channelled, for the lodgment of the lateral sinuses, their prominent
margins affording attachment to the tentorium cerebelli.t At the point of meeting
of these grooves is a depression, the torcular IIerophili,t placed a little to one or
the other side of the internal occipital protuberance.
More anteriorly is the
foramen magnum, and on each side of it, but nearer its anterior than its posterior
part, the internal openings of the anterior condyloid foramina
the internal
;

;

;

;

many

variations in size. It is usually shallow, and the foramen
small occasionally wanting on one or both sides. Sometimes both fossa and foramen
are large, but confined to one side only
more rarely, the fossa and foramen are very large
*

Tills fossa presents
;

;

on both sides.
t Usually one of the transverse grooves is deeper and broader than the other
occasionally, both grooves are of equal depth and breadth, or both equally indistinct.
The broader of the two transverse grooves is nearly always continuous with the vertical
groove for the superior longitudinal sinus.
X The columns of blood coming in different directions were supposed to be pressed
together at this point {torcular, a wine-press).
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openings of the posterior condyloid foramina are a little external and posterior to
them, protected by a small arch of bone. At this part of the internal sm-face
there is a very deep groove, in which the posterior condyloid foramen, when it
This groove is continuous, in the complete skull,
exists, has its termination.
with the transverse groove on the posterior part of the bone, and lodges the end
In front of the foramen magnum is the basilar
of the same sinus, the lateral.
process, presenting a shallow depression, the basilar groove, which slopes from
behind, upwards and forwards, and supports the medulla oblongata and part of
the pons Varolii, and on each side of the basilar process is a narrow channel,
Fig. 136.

— Occipital bone.

Inner surface.

Siqierior angle

\^5\Lateral

Infei

10)

angle

which, when united with a similar channel on the petrous portion of the temporal
bone, forms a groove, which lodges the inferior petrosal sinus.
Angles. The superior angle is received into the interval between the posterior
superior angles of the two parietal bones it corresponds with that part of the
The inferior angle is
skull in the foetus which is called the posterior fontanelle.

—

:

represented by the square-shaped surface of the basilar process. At an early
period of life, a layer of cartilage separates this part of the bone from the
sphenoid but in the adult, the union between them is osseous. The lateral
angles correspond to the outer ends of the transverse grooves, and are received
into the interval between the posterior inferior angles of the parietal and the
mastoid portion of the temporal.
Borders.
The superior border extends on each side from the superior to the
lateral angle, is deeply serrated for articulation with the parietal bone, and forms,
;

—
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by this union, the lambdoid suture the inferior border extends from the lateral to
its upper half is rough, and articulates with the mastoid
the inferior angle
the inferior half
portion of the temporal, forming the masto-occipital suture
articulates with the petrous portion of the temporal, forming the petro-occipital
;

;

;

suture; these two portions are separated from one another by the jugular process.
In front of this process is a deep notch, which, with a similar one on the petrous
portion of the temporal, forms the foramen lacerum posterius or jugular foramen.

This notch is occasionally subdivided into two parts by a small process of bone,
and it generally presents an aperture at its upper part, the internal opening of
the posterior condyloid foramen.
The occipital bone consists of two compact laminae, called the
Structure.
this bone is
outer and inner tables, having between them the diploic tissue
esx^ecially thick at the ridges, protuberances, condyles, and anterior part of the
whilst at the bottom of the fossse, especially the inferior, it is
basilar process
thin, semi-transparent, and destitute of diploe.
Development (fig. 137). At birth the bone consists of four distinct parts: a
tabular or expanded portion, which lies behind the foramen magnum; two
condylar parts which form the sides of the foramen and a basilar part which lies
The number of nuclei for the tabular part vary. As a
in front of the foramen.
rule there are four, but there may be only one (Blandin), or as many as eight

—

;

;

—

;

(Meckel).
the eighth

They appear about
week of foetal life,

•

Fig. 137.- -Development of occipital bone.

By

and soon unite to form a
single piece
which is, how-

seven centres.

;

ever, fissured in the direction

indicated in the plate.

and

The

3

two

condyloid
4 /o?' occipital
portions are each developed
2}ortio7i
from a single nucleus, which
appears a little later.
The
upper portion of the tabular
At hirtli
— 1 fo7- each condyloid
the ipieces
surface, that is to say, the
portion
separate
portion above the transverse
fissures, is developed from
1 for basilar piortion
membrane the rest of the
bone is developed from cartilage.
At about the fourth year, the tabular and the two condyloid pieces
join
and about the sixth year, the bone consists of a single piece. At a later
period, between the eighteenth and twenty-fifth years, the occipital and sphenoid
become united, forming a single bone.
Articulations.
With six bones two parietal, two temporal, sphenoid, and
basilar

,

;

;

—

atlas.

:

—

Attachment of Muscles. To twelve pairs
to the superior curved line are
To the
attached the Occipito-frontalis, Trapezius, and Sterno-cleido-mastoid.
space between the curved lines, the Complexus,* Splenius capitis, and Obliquus
capitis superior
to the inferior curved line, and the space between it and the
foramen magnum, the Eectus capitis posticus, major and minor to the transverse process, the Eectus capitis lateralis and to the basilar process, the Eectus
capitis anticus, major and minor, and Superior constrictor of the'pharynx.
;

;

;

;

The Parietal Bones
The

Parietal Bones (paries, a ivall) form, by their union, the sides and roof of
the skull.
Each bone is of an irregular quadrilateral form, and presents for

examination two surfaces, four borders, and four angles.
*

To these the Biventer

muscle.

cervicis should be added, if

it

is

regarded as a separate

1
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—

its

Surfaces.
The external surface (fig. 138) is convex, smooth, and marked about
centre by an eminence, called the parietal eminence, which indicates the poi
1

where

1

commenced.

Crossing the middle of the bone in an arched
direction are two well-marked curved lines or ridges, of which the lower is the
more distinct and is termed the temporal ridge it marks the upper attachment of
the temporal muscle, and follows a semicircular course across the bone. The
upper ridge is less marked, and pursues a similar course across the bone, but
about two-fifths of an inch above the temporal ridge it marks the attachmen
of the temporal fascia.
Above these ridges, the surface of the bone is rough and
porous, and covered by the aponeurosis of the Occipito-frontalis between them
the bone is smoother and more polished than the rest below them the bone
forms part of the temporal fossa, and affords attachment to the Temporal muscle.
At the back part of the superior border, close to the sagittal suture, is a small
ossification

;

;

t

;

;

Fig. 138.

—Left parietal bone.

External surface.

Articulates with opiJosite 2Jnrietal bone

^*^,
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foramen, the parietal foramen, which transmits a vein to the superior longitudinal
sinus, and sometimes a small branch of the occipital artery.
Its existence is not
constant, and

The

its size

varies considerably.

eminences and depressions
cerebrum, and numerous furrows for the
ramifications of the meningeal arteries the latter run upwards and backwards
from the anterior inferior angle, and from the central and posterior part of the
lower border of the bone. Along the upper margin is part of a shallow groove,
which, when joined to the opposite parietal, forms a channel for the superior
longitudinal sinus, the elevated edges of which afford attachment to the falx
Near the groove are seen several depressions, especially in the skulls
cerebri.
internal surface

(fig.

139), concave, presents

for lodging the convolutions of the

;
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they lodge the Pacchionian bodies. The internal opening of the
is also seen when that aperture exists.
The superior, the longest and thickest, is dentated to articulate
Borders.
with its fellow of the opposite side, forming the sagittal suture. The inferior is
of old

persons

parietal

;

foramen

—

of these, the anterior is thin and pointed, bevelled at
divided into three parts
the expense of the outer surface, and overlapped by the tip of the great wing of
the sphenoid the middle portion is arched, bevelled at the expense of the outer
surface, and overlapped by the squamous portion of the temporal
the posterior
:

;

;

thick and serrated for articulation with the mastoid portion of the
temporal. The anterior border, deeply serrated, is bevelled at the expense of the
outer surface above and of the inner below it articulates with the frontal bone,
forming the coronal suture. The posterior border, deeply denticulated, articulates
with the occipital, forming the lambdoid siiture.

portion

is

;

Fig. 139.

Post. sup.

an ale

—Left parietal bone.

Internal surface.

— <^
r~/

int. sup.

angle

Post, infer

angle

Ant. infer, angle

—

Angles. The anterior superior angle, thin and pointed, corresponds with that
portion of the skull which in the foetus is membranous, and is called the anterior

The anterior inferior angle is thin and lengthened, being received in
the interval between the great wing of the sphenoid and the frontal. Its inner
surface is marked by a deep groove, sometimes a canal, for the anterior branch

fontanelle.

of the middle meningeal artery.
The posterior superior angle corresponds with
the junction of the sagittal and lambdoid sutures.
In the foetus this part of the

skull is membranous, and is called the posterior fontanelle. The posterior i?iferior
angle articulates with the mastoid portion of the temporal bone, and generally
presents on its inner surface a broad, shallow gToove for lodging part of the lateral
sinus.

—

Development. The parietal bone is formed in membrane, being developed by
one centre, which corresponds with the parietal eminence, and makes its first
appearance about the seventh or eighth week of foetal life. Ossification gradually
li

2
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extends from the centre to the cncumference of the bone the angles are consequently the parts last formed, and it is in their situation that the fontanelles
exist previous to the completion of the growth of the bone.
With five bones the opposite parietal, the occipital, frontal,
Articulations.
temx^oral, and sphenoid.
Attachment of Muscles. One onl}-, the Temporal.
:

—

:

—

The Feontal Bone
The Frontal Bone (frons, the forehead) resembles a cockle-shell in form, and
a vertical or frontal portion situated at the anterior
consists of two portions
part of the cranium, forming the forehead and a horizontal oy orhito-nasal portion
which enters into the formation of the roof of the orbits and nasal fossae.

—

;

—External

Vertical Portion.-

Fig. 140.

Surface

(fig.

140).

— Frontal bone.

— In the median hne, traversing

Outer surface.

Internal
angula') jpiocess

Nasal

I

External
angulai jpiocess

sjnne

the bone from the upper to the lower part,

is

occasionally seen a slightly elevated

young subjects a suture, which represents the line of union of the
two lateral halves of which the bone consists at an early period of life in the
adult this suture is usually obliterated, and the bone forms one piece traces of

ridge,

and

in

:

;

the obliterated suture are, however, generally perceptible at the lower part.
On
either side of this ridge, a little below the centre of the bone, is a rounded
eminence, the frontal eminence. These eminences vary in size in different
individuals, and are occasionally unsymmetrical in the same subject.
They are
The whole
especially prominent in cases of well-marked cerebral development.
surface of the bone above this part is smooth, and covered by the aponeurosis of
the Occipito-frontalis muscle. Below the frontal eminence, and separated from

by a slight groove, is the su])ercHiary ridge, broad internally, where it is continuous with the nasal eminence, but less distinct as it arches outwards. These
it
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ridges are caused by the projection outwards of the frontal sinuses,*
attachment to the Orbicularis palpebrarum and Corrugator supercilii..

and give
Between

the two superciliary ridges is a smooth surface, the glabella or nasal eminence.
Beneath the superciliary ridge is the suiyra-orhital arch, a curved and prominent

margin, which forms the upper boundary of the orbit, and separates the vertical
from the horizontal portion of the bone. The outer part of the arch is sharp and
prominent, affording to the eye, in that situation, considerable protection from
At the junction of the internal and
injury; the inner part is less prominent.
middle third of this arch is a notch, sometimes converted into a foramen by a
bony process, and called the supra-orbital notch or foramien. It transmits the
A small aperture is seen in the upper part
supra-orbital artery, vein, and nerve.
of the notch, which transmits a vein from the diploe to join the supra-orbital
The supra-orbital arch terminates externally in the external angular provein.
The external angular process
cess, and internally in the internal angular process.
running upwards and
is strong, prominent, and articulates with the malar bone
backwards from it are two well-marked lines, which, commencing together from
the external angular process, soon diverge from each other and run in a curved
The lower one, the temporal ridge, gives attachment
direction across the bone.
Beneath them is
to the Temporal muscle, the upper one to the temporal fascia.
a slight concavity, that forms the anterior part of the temporal fossa, and gives
;

Temporal muscle. The internal angular processes are less marked
and articulate with the lachrymal bones. Between the
internal angular processes is a rough, uneven interval, the nasal notch, which
articulates in the middle line with the nasal bone, and on either side with the
origin to the

than

the

external,

nasal process of the superior maxillary bone. From the concavity of this notch
projects a process, the nasal process, which extends beneath the nasal bones and

nasal processes of the superior maxillary bones, and supports the bridge of the
nose.
On the under surface of this is a long pointed process, the nasal spine,
and on either side a small grooved surface enters into the formation of the roof
The nasal spine forms part of the septum of the nose, articuof the nasal fossa.
lating in front w^ith the nasal bones

the ethmoid.

and behind wdth the perpendicular plate

of

—

Along the middle line is a vertical groove, the
Internal Surface (fig. 141).
edges of which unite below to form a ridge, the frontal crest the groove lodges
the superior longitudinal sinu.s, whilst its margins afford attachment to the falx
cerebri.
The crest terminates below at a small notch which is converted into a
foramen by articulation with the ethmoid. It is called the foramen ccBCum, and
varies in size in different subjects; it is sometimes partially or completely
impervious, lodges a process of the falx cerebri, and, when open, transmits a vein
from the lining membrane of the nose to the superior longitudinal sinus. On
either side of the groove the bone is deeply concave, presenting eminences and
depressions for the convolutions of the brain, and numerous small furrows for
lodging the ramifications of the anterior meningeal arteries.
Several small,
irregular fossae are also seen on either side of the groove, for the reception of the
Pacchionian bodies.
Horizontal Portion. External Surface. This portion of the bone consists of
two thin plates, the orbital plates, which form the vault of the orbit, separated
from one another by a median gap, the ethmoidal notch. Each orbital plate consists of a smooth, concave, triangular lamina of bone, marked at its anterior and
;

—

—

Some

confusion is occasioned to students commencing the study of anatomy by the
sinuses having been given to two perfectly different kinds of spaces connected
with the skull. It may be as well, therefore, to state here, at the outset, that the smuses
in the interior of the cranium which produce the grooves on the mner surface of the bones
are venous channels along which the blood runs in its passage back from the brain, while the
sinuses external to the cranial cavity (the frontal, sphenoidal, ethmoidal, and maxillary)
are hollow spaces in the bones themselves which communicate with the nostrils, and
contain air.
*

name

'

'

'

'

'

'
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external part (immediately beneath the external angular process) by a shallow
depression, the lachrymal fossa, for lodging the lachrymal gland and at its
;

and internal

by a depression (sometimes a small tubercle), the
trochlear fossa, for the attachment of the cartilaginous pulley of the Superior
oblique muscle of the eye.
The ethmoidal notch separates the two orbital
plates
it is
quadrilateral, and filled up, when the bones are united, by the
cribriform plate of the ethmoid.
The margins of this notch present several halfcells, which, when united with corresponding half-cells on the upper surface of
the ethmoid, complete the ethmoidal cells two gi'ooves are also seen crossing
these edges transversely they are converted into canals by articulation with the
ethmoid, and are called the anterior and ]posterior ethmoidal canals they open
on the inner wall of the orbit. The anterior one transmits the nasal nerve and
anterior ethmoidal vessels, the posterior one the posterior ethmoidal vessels.
In
anterior

part,

;

;

;

:

Fig. 141.

—Frontal bone.
lis

With

Slip,

maxill.

Inner surface.

%^^S^\''^

Fi ontal sinus

With nasal
With per2:)endicular 2}late of ethmoid

J

Under surface of nasal j^rocess,
forming part of roof of nose

front of the ethmoidal notch, on either side of the nasal spine, are the openings
of the frontal sinuses.

These are two irregular cavities, w^hich extend upwards
and outwards, a variable distance, between the two tables of the skull, and are
separated from one another by a thin, bony septum. They give rise to the prominences above the supra-orbital arches called the superciliary ridges. In the
child they are generally absent,

and they become gradually developed as age
advances. These cavities vary in size in different persons, are larger in men than
in women, and are frequently of unequal size on the two sides, the right being
commonly the larger. They are subdivided by a bony lamina, which is often displaced to one side. They are lined by mucous membrane, and communicate
with the nose by the infundibulum, and occasionally wdth each other by apertures
in their septum.

The

internal surface of the horizontal portion presents the convex upper
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surfaces of the orbital plates, separated froni each other in the middle line by the
ethmoidal notch, and marked by eminences and depressions for the convolutions
of the frontal lobes of the brain.

—

The border of the vertical portion is thick, strongly serrated,
Borders.
bevelled at the expense of the internal table above, where it rests upon the parietal bones, and at the expense of the external table at each side, where it receives
the lateral pressure of those bones
angular, rough surface,

The border
wing

lesser

which

;

below into a triwing of the sphenoid.
and articulates with the

this border is continued

articulates with the great

of the horizontal portion is thin, serrated,
of the sphenoid.

—The

and external angular processes are very
between two compact laminae. The
horizontal portion is thin, translucent, and composed entirely of compact tissue
hence the facility with which instruments can penetrate the cranium through this
Structure.

vertical portion

thick, consisting of diploic tissue contained

;

part of the orbit.

—

Development (iig. 142). The frontal bone is formed in membrane, being developed by tivo centres, one for each lateral half, which make their appearance
about the seventh or eighth week, above the orbital arches. From this point
extends, in
a radiating
ossification
manner, upwards into the forehead, and
Fig 142
Frontal bone at birth.
l)e\ eloped b-\ t\\o latoial halves.
backwards over the orbit. At birth

—

the bone consists of two pieces, which
afterwards become united, along the

middle hne, by a suture which runs from
This
the vertex to the root of the nose.
usually
becomes obliterated
suture
within a few years after birth but it
occasionally remains throughout life.
Occasionally secondary centres of ossification appear for the nasal spine
one
on either side at the internal angular
process where it articulates with the
lachrymal bone and sometimes there
is one on either side at the lower end of the coronal suture.
This latter centre
sometimes remains ununited, and is known as the pterion ossicle or it may join
with the parietal, sphenoid, or temporal bone.
With twelve bones two parietal, the sphenoid, the ethmoid,
Articulations.
two nasal, two superior maxillary, two lachrymal, and two malar.
Attachment of Muscles. To three pairs the Corrugator supercilii, Orbicularis
;

;

;

;

—

:

—

:

palpebrarum, and Temporal on each

side.

The Temporal Bones
The Temporal Bones (tempus, tivie) are situated at the sides and base of the
and present for examination a squamous, mastoid, and petrous portion.
The squamous portion (squama, a scale), the anterior and upper part of the
bone, is scale-like in form, and thin and translucent in texture (fig. 143). Its
otiter surface is smooth, convex, and grooved at its back part for the deep tem-

skull,

poral arteries
it affords attachment to the Temporal muscle, and forms part of
the temporal fossa. At its back part may be seen a curved ridge part of the
temporal ridge it serves for the attachment of the temporal fascia, Hmits the
;

—

;

Temporal muscle, and marks the boundary between the squamous
and mastoid portions of the bone. Projecting from the lower part of the
squamous portion is along, arched process of bone, the zygoma or zygomatic
process.
This process is at first directed outwards, its two surfaces looking
upwards and downwards it then appears as if twisted upon itself, and runs
forwards, its surfaces now looking inwards and outwards. The superior border
origin of the

;

;;
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and sharp, and serves for the attachment of the
and arched, has attached to it some
Its outer surface is convex and subcutaneous
fibres of the Masseter muscle.
The extremity,
its inner is concave, and also affords attachment to the Masseter.
broad and deeply serrated, articulates with the malar bone. The zygomatic
process is connected to the temporal bone by three divisions, called its roots an
The anterior, which is short, but broad and
anterior, middle, and posterior.
strong, is directed inwards, to terminate in a rounded eminence, the eminentia
This eminence forms the front boundary of the glenoid fossa, and
articularis.
of the process is long, thin,

temporal

fascia.

The

inferior, short, thick,

—

covered with cartilage. The middle root forms the outer
running obliquely inwards, it terminates at the
commencement of a well-marked fissure, the Glaserian fissure; w^hilst the
posterior root, which is strongly marked, runs from the upper border of the
zygoma, backwards over the external auditory meatus. It is termed the snprain the recent state is

margin

of the glenoid fossa;

FiG. 143.

—Left temporal bone.

Outer surface.

m
b (y'z^'-^OL,-i^z,ou^s:Fo

mastoid

At

its

crest,

,-^

t l-o

i

\

and separates the squamous from the mastoid portion of the bone.
At
it becomes continuous with the temporal ridge.

posterior extremity

the junction of the anterior root with the zygoma is a projection, called the
tubercle, for the attachment of the external lateral ligament of the lower jaw
and between the anterior and middle roots is an oval depression, formixig part of
the glenoid fossa {yXrjvrj, a socket), for the reception of the condyle of the
lower jaw. This fossa is bounded, in front, by the eminentia articularis behind,
;

by the tympanic plate and, externally, by the middle root of the zygoma and
is divided into two parts by a narrow slit, the Glaserian fissure.
The anterior
part, formed by the squamous portion of the bone, is smooth, covered in the
recent state with cartilage, and articulates with the condyle of the lower jaw.
;

;

This part of the glenoid fossa presents posteriorly a small conical eminence,
situated at the extremity of the middle root and in front of the external auditory
meatus it is known as the 2^ost-glenoid process, and is the representative of a
prominent tubercle which, in some of the mammalia, descends behind the condyle
of the jaw, and prevents it being displaced backwards during mastication
;
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posterior part of the glenoid fossa,

which lodges a portion

of

the parotid gland, is formed chiefly by a lamina of bone, the tympanic plate,
which forms the anterior wall of the tympanum and external auditory meatus.

This plate of bone terminates above in the Glaserian fissure, and below forms
a sharp edge, the vaginal process, which gives origin to some of the fibres of the
Tensor palati muscle. The Glaserian fissure, which leads into the tj'-mpanum,
lodges the processus gracilis of the malleus, and transmits the tympanic branch
The chorda tympani*lierve passes through a
of the internal maxillary artery.
separate canal, parallel to the Glaserian fissure {canal of Huguier), on the outer
side of the Eustachian tube, in the retiring angle between the squamous and
petrous portions of the temporal bone.*
The internal surface of the squamous portion (fig. 144) is concave, presents
numerous eminences and depressions for the convolutions of the cerebrum, and
two well-marked grooves for the branches of the middle meningeal artery.
Fig.

144.-^

— Left temporal bone.

Inner surface.

Eminence f 01 su;penor semicircuLar caoial
Hiatus Fallopti
Opening f01 smaller petrosal nerve
Depression for Gasserian ganglion
Bristle passed through carotid canal

Depression

Meatus

— The superior border

is thin, bevelled at the expense of the internal
lower border of the parietal bone, forming the
squamous suture. The anterior inferior border is thick, serrated, and bevelled,
alternately at the expense of the inner and outer surfaces, for articulation with

Borders.

surface, so as to overlap the

wing of the sphenoid.
The Mastoid Portion (/Aao-ros, a

the great

nipple or teat)

is

situated at the posterior part

bone its outer surface is rough, and gives attachment to the Occipitofrontalis and Eetrahens aurem muscles.
It is perforated by numerous foramina
one of these, of large size, situated at the posterior border of the bone, is termed
the mastoid foramen it transmits a vein to the lateral sinus and a small artery
from the occipital, to supply the dura mater. The position and size of this
foramen are very variable. It is not always present sometimes it is situated in
of the

;

;

;

;

* This small fissure must not be confounded with the large canal which
Eustachian tube and transmits the Tensor tympani muscle.

lies

above the

-
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the occipital bone, or in the suture between the temporal and the occipital. The
mastoid portion is continued below into a conical projection, the mastoid jjrocess,
This process serves for the attachthe size and form of which vary somewhat.

ment

of the Sterno-mastoid, Splenius capitis, and Trachelo-mastoid muscles.
the inner side of the mastoid process is a deep groove, the digastric fossa,
and, running parallel with it, but
for the attachment of the Digastric muscle
more internal, the occipital groove, which lodges the occipital artery. The
internal surface of the mastoid portion presents a deep, ciu'ved groove, the fossa
and into it may be seen
sigmoidea, which lodges part of the lateral sinus

On

;

;

opening the mastoid foramen. A section of the mastoid process shows it to
be hollowed out into a number of cellular spaces, communicating mth each other,
These cells, at the upper and front part of the bone,
called the mastoid cells.
are large and irregular and contain air, but towards the lower part of the bone
they diminish in size, whilst those at the apex of the mastoid process are quite
small and usually contain marrow. In addition to these may be seen a large

—

Section through the petrous and mastoid portions of the temporal bone,
145.
showing the communication of the cavity of the tjTapanum with the mastoid antrum.

Fig.

/^ Malleus
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Styloid process

Pyramid

Aquceductiis Fallojpii

Marroiv

cells

upper and front part of the section. It
antrum and must be distinguished from the mastoid cells,
though it communicates with them. It is filled with air and is Uned by a
prolongation of the mucous membrane of the tympanum, which extends into it
through an opening, by which it communicates with the cavity of the tympanum.
The mastoid antrum is bounded above by a thin plate of bone, which separates
it from the middle fossa of the base of the skull on the anterior surface of the
petrous portion of the temporal bone below by the mastoid process externally
by the squamous portion of the bone just below the supra-mastoid crest, and
internally by the external semicircular canal of the internal ear which projects
into its cavity.
The opening by which it communicates with the tympanum is
situated at the superior internal angle of the posterior wall of that cavity, and
opens into that portion of the tympanic cavity which is known as the attic, that
is to say, that portion of the tympanum which is above the level of the superior
margin of the external auditory meatus.
irregular cavity
is

(fig.

145) situated at the

called the mastoid

;

The mastoid

cells, like

;

the other sinuses of the cranium, are not developed

;
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puberty hence the prominence of this process in the adult. But the
mastoid antrum is of large size at birth as however the bone increases in thickuntil after

;

;

ness the cavity becomes relatively smaller.
In consequence of the communication which exists between the tympanum and mastoid
antrum, inflammation of the lining membrane of the forixier cavity may easily travel backwards to that of the antrum, leading to caries and necrosis of its walls and the risk of
transference of the inflammation to the lateral sinus or encephalon.

—

The superior border of the mastoid portion is broad and rough, its
edge sloping outwards, for articulation with the posterior inferior
angle of the parietal bone. The posterior border, also uneven and serrated,
articulates with the inferior border of the occipital bone between its lateral angle
Borders.

serrated

and jugular process.

The Petrous Portion [irl-po'i, a stone), so named from its extreme density and
hardness, is a pyramidal process of bone, wedged in at the base of the skull
between the sphenoid and occipital bones. Its direction from without is inwards,
forwards, and a little downwards. It presents for examination a base, an apex,
three surfaces, and three borders and contains, in its interior, the essential parts
;

of

The

the organ of hearing.

base

is

applied against the internal surface of the

squamous and mastoid portions, its upper half being concealed but its lower
half is exposed by the divergence of these two portions of the bone, which brings
into view the oval expanded orifice of a canal leading into the tympanum, the
;

meatus aiiditorius externus. This canal is situated in front of the mastoid process,
and between the posterior and middle roots of the zygoma its upper margin is
smooth and rounded, but the greater part of its circumference is surrounded by a
curved plate of bone, the tympanic plate, the free margin of which is thick and
rough, for the attachment of the cartilage of the external ear.
The apex of the petrous portion, rough and uneven, is received into the angular
interval between the posterior border of the greater wing of the sphenoid and the
it presents the anterior or internal orifice of the
basilar process of the occipital
carotid canal, and forms the posterior and external boundary of the foramen
lacerum medium.
The anterior surface of the petrous portion (fig. 144) forms the posterior part
This surface is continuous with the squamous
of the middle fossa of the skull.
portion, to which it is united by a suture, the temporal ox petrosquamous suture,
the remains of which are distinct even at a late period of life it presents six
points for examination
i. an eminence near the centre, which indicates the
;

;

;

:

2. in front and a little to the outer
eminence a depression, indicating the position of the tympanum
here the layer of bone which separates the tympanum from the cranial cavity is
extremely thin, and is known as the tegmen tympani 3. a shallow groove, sometimes double, leading outwards and backwards to an oblique opening, the hiatus
Fallopii, for the passage of the petrosal branch of the Vidian nerve and the
petrosal branch of the middle meningeal artery 4. a smaller opening, occasionally

situation of the superior semicircular canal

:

side of this

:

:

seen external to the latter, for the passage of the smaller petrosal nerve 5. near
the apex of the bone, the termination of the carotid canal, the wall of which in
6. above this canal a shallow depression for
this situation is deficient in front
:

:

the reception of the Gasserian ganglion.
The posterior surface forms the front part of the posterior fossa of the skull,
and is continuous with the inner surface of the mastoid portion of the bone. It
i. about its centre, a large orifice, the
presents three points for examination
meatus auditorius internus, the size of which varies considerably; its margins are
smooth and rounded and it leads into a short canal, about four lines in length,
:

;

which runs directly outwards, and is closed by a vertical plate, the lamina cribrosa,
which is divided by a horizontal crest, the crista falciformis, into two unequal
portions

;

the lotuer presenting three foramina, or sets of foramina one, just
of the crest, consisting of a number of small openings

below the posterior part

;

;
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a second, below and posterior to this, for the nerve
and a third, in front and below the firs;
consisting of a number of small openings which terminate in the canalis centralis
cochleae and transmit the nerve to the cochlea the upper portion, that above the

for the nerves to the saccule

;

to the posterior semicircular canal

;

;

presents behind a series of small openings for the passage of filaments to
the vestibule and superior and external semicircular canals, and, in front, one
large opening, the commencement of the aquaeductus Fallopii, for the passage
of the facial nerve: 2. behind the meatus auditorius, a small slit almost hidden by
a thin plate of bone, leading to a canal, the aqucedtictus vestibuli, which transmits
crista,

a small artery and vein, and lodges a process of the dura mater 3. in the interval
between these two openings, but above them, an angular depression which lodges
a process of the dura mater, and transmits a small vein into the cancellous tissue
:

of the bone.

Fig. 146.

—Petrous portion.
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Vaginal process
Styloid process
Stylo-mastoid foram

Jugular

surft

Auricular fiss

The

inferior or basilar surface

(fig.

146)

is

rough and

irregular,

and forms part

base of the skull. Passing from the apex to the base, this surface presents
eleven points for examination i a rough surface, quadrilateral in form, which
serves partly for the attachment of the Levator palati and Tensor tympani
muscles 2. the large, circular aperture of the carotid canal, which ascends at

of the

:

.

:

and then, making a bend, runs horizontally forwards and inwards
transmits the internal carotid artery, and the carotid plexus: 3. the aqucBcluctus
cochlecB, a small, triangular opening, lying on the inner side of the latter, close to
the posterior border of the petrous portion it transmits a vein from the cochlea,
which joins the internal jugular: 4. behind these openings a deep depression, the
jugular fossa, which varies in depth and size in different skulls it lodges the
lateral sinus, and, with a similar depression on the margin of the jugular process
of the occipital bone, forms the foramen lacerum posterius, or jugular foramen
5. a small foramen for the passage of Jacohson's nerve (the tympanic branch of
first vertically,
it

;

;

:

—

;
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the glosso-pharyngeal) this foramen is seen in the bony ridge dividing the carotid
canal from the jugular fossa: 6. a small foramen on the wail of the jugular fossa,
for the entrance of the auricular branch of the pneumogastric (Arnold's nerve)
7. behind the jugular fossa, a smooth, square-shaped facet, the jugular surface
it is covered with cartilage in the recent state, and articulates with the jugular
process of the occipital bone 8. the vaginal process, a very broad, sheath-like plate
;

:

:

which extends backwards from the carotid canal and gives attachment
this plate divides behind into two laminae,
to part of the Tensor palati muscle
the outer of which is continuous with the auditory process, the inner with the
between these laminae is the 9th point for examination, the
jugular process
styloid process
a long, sharp spine, about an inch in length; it is directed downwards, forwards, and inwards, varies in size and shape, and sometimes consists
it affords attachment to three muscles, the
of several pieces united by cartilage
and two ligaments, the
Stylo-pharyngeus, Stylo-hyoideus, and Stylo-glossus
stylo-hyoid and stylo-maxillary: 10. the stylo-mastoid foramen, a rather large
it is the terminaorifice, placed between the styloid and mastoid processes
tion of the aqueeductus Eallopii, and transmits the facial nerve and stylomastoid artery: 11. the auricular fissure, situated between the tympanic plate
and mastoid processes, for the exit of the auricular branch of the pneumogastric
of bone,

;

:

;

;

;

;

nerve.

—The superior, the longest,

is grooved for the superior petrosal sinus,
the tentorium cerebelli
at its inner extremity is a
semilunar notch, upon which the fifth nerve lies. The posterior border is intermediate in length between the superior and the anterior. Its inner half is marked

Borders.

and has attached

to

it

;

hy a groove, which, when completed by its articulation with the occipital, forms
Its outer half presents a deep
the channel for the inferior petrosal sinus.
excavation the jugular fossa which, with a similar notch on the occipital, forms
A projecting eminence of bone occasionally
the foramen lacerum posterius.
stands out from the centre of the notch, and divides the foramen into two parts.
The anterior border is divided into two parts an outer joined to the squamous
portion by a suture, the remains of which are distinct an inner, free, articulating
with the spinous process of the sphenoid. At the angle of junction of the petrous
and squamous portions are seen two canals, separated from one another by a
thin plate of bone, the j^rocessus cochleariformis they both lead into the tympanum,
the upper one transmitting the Tensor tympani muscle, the lower one the Eusta-

—

—

;

;

chian tube.

— The squamous portion like that of the other cranial bones the
cellular, and the petrous portion dense and hard.
developed by ten centres,
147). — The temporal bone
one for the squamous
exclusive of those for the internal ear and the ossicula —
Structure.

is

mastoid portion
Development

:

is

(fig.

viz.

portion including the zygoma, one for the tympanic plate, six for the petrous and
mastoid parts, and two for the styloid process. Just before the close of foetal
life

i. The sguamo-zygomatic, which is
the temporal bone consists of four parts
membrane from a single nucleus, which appears at its lower part about
:

ossified in

2. The tympanic plate, an imperfect ring, which encloses the
tympanic membrane. This is also ossified from a single centre which appears
rather later than that for the squamous portion.
3. The petro -mastoid, which is
developed from six centres, which appear about the fifth or sixth month. Four of
these are for the petrous portion, and are placed around the labyrinth, and two for
the mastoid (Vrolik).
According to Huxley, the centres are more numerous, and
(i) including most of the labyrinth
are disposed so as to form three portions
with a part of the petrous and mastoid, he has named prootic (2) the rest of the
petrous, the opistliotic
and (3) the remainder of the mastoid, the epiotic. The

the second month.

:

;

;

petro-mastoid

is ossified

in cartilage.

4.

The

styloid process is also ossified in

from two centres one for the base, which appears before birth, and is
termed the tympano-hyal the other, comprising the rest of the process, is named
the stylo-hyal, and does not appear until after birth.
Shortly before birth the
cartilage

:

;

—a
;
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tympanic plate joins with the squamous. The petrous and mastoid join with
the squamous during the first year, and the tympano-hyal portion of the
process about

styloid
Fig. 147.

—Development of the temporal
bone.

^^^ W u

IfoT

By

cc

ten centres.

m

o

the rest of the
after puberty, and in

Port

2}ortion,

same

does

bone

some

ik.i

until

skulls

never becomes united. The subsequent changes in this bone are,
that the tympanic plate extends
outwards, so as to form the meatus

squamous
including

zygoma

the

stylo-hyal

join

s

It

The

time.

:

auditorius

2nd m-onth

;

the glenoid fossa be-

comes deeper and the mastoid
part, which at an early period of
;

1

is quite flat, enlarges
from
the development of the cellular
life

for tympanic
plate

cavities in its interior.

—
G

Articulations.

ferior maxillary,

f07- petrous

and mastoid

—With

fifteen

:

to the

the Temporal

Masseter

2 for styloid process

bones

and malar.

Attachment

portions

five

occipital, parietal, sphenoid, in-

;

;

of

Muscles.

squamous

—To

portion,

zygoma, the
mastoid portion,

to the

to the

the
Occipito- frontalis,
Sternomastoid, Splenius capitis, Trachelo-mastoid, Digastricus, and Eetrahens aurem
to the styloid process, the Stylo-pharyngeus, Stylo-hyoideus, and Stylo-glossus
and to the petrous portion, the Levator palati, Tensor tympani. Tensor palati,
;

and Stapedius.

The Sphenoid Bone
The Sphenoid Bone

a wedge) is situated at the anterior part of the base
with all the other cranial bones, which it binds firmly
In its form it somewhat resembles a bat with its wings
{(Tcf>-^v,

of the skull, articulating

and

solidly together.

extended and is divided into a central portion or body, two greater and two
lesser wings extending outwards on each side of the body, and tw^o processes
;

—

the pterygoid processes which project from it below.
The body is of large size, cuboid in form, and hollowed out in its interior so
It presents for examination four surfaces
as to form a mere shell of bone.

—

an anterior, and a posterior.
The Superior Surface (fig. 148). In front is seen a prominent spine, the
etlimoidal spine, for articulation with the cribriform plate of the ethmoid behind
this a smooth surface presenting, in the median line, a slight longitudinal eminence, with a depression on each side, for lodging the olfactory tracts. This
surface is bounded behind by a ridge, which forms the anterior border of a
narrow, transverse groove, the optic groove it lodges the optic commissure, and
terminates on either side in the optic foramen, for the passage of the optic nerve
and ophthalmic artery. Behind the optic goove is a small eminence, olive-like in
shape, the olivary process
and still more posteriorly, a deep depression, the
pituitary fossa, or sella turcica, which lodges the pituitary body. This fossa is
superior,

an

inferior,

—

;

;

;

perforated by^ numerous foramina, for the transmission of nutrient vessels into
the substance of ^the bone. It is bounded in front by two small eminences, one
on either side, called the middle clinoid processes {KXlviq, a bed), which are some-

times connected by a spiculum of bone to the anterior clinoid processes, and
behind by a square-shaped plate of bone, the dorsum ephippii or dorsum sellcs,
terminating at each superior angle in a tubercle, the posterior clinoid processes,
the size and form of which vary considerably in different individuals.
These
processes deepen the pituitary fossa, and serve for the attachment of prolonga-
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from the tentorium cerebelli. The sides of the dorsum ephippii are notched
passage of the sixth pair of nerves, and below present a sharp process,
the jJe^rosaZ process, which is joined to the apex of the petrous portion of the
temporal bone, forming the inner boundary of the middle lacerated foramen.
Behind this plate, the bone presents a shallow depression, which slopes obliquely
backwards, and is continuous with the basilar groove of the occipital bone it is
On either side
called the clivics, and supports the upper part of the pons Varolii.
it lodges
of the body is a broad groove, curved something like the italic letter /
the internal carotid artery and the cavernous sinus, and is called the carotid or
cavernous groove. Along the outer margin of this groove, at its posterior part, is
a ridge of bone, in the angle between the body and greater wing, called the
tions

for the

;

;

lingula.

The

posterior surface, quadrilateral inform,

is

joined to the basilar pro-

During childhood these bones are separated by a
but in after-life (between the eighteenth and twenty-fifth
layer of cartilage
years) this becomes ossified, ossification commencing above and extending downwards and the two bones then form one piece. The anterior surface (fig. 149)
cess of the occipital bone.
;

;

Fig. 148.

— Sphenoid bone.

Superior surface.

Ethmoidal
Middle clinoid process
Posterior clinoid process

spine
\

olfactory
tiact

Foramen

bo"^

Groove for
'

.

,

optician

'amen laceriim ant.,
r Sphenoidal fissure

Foramen rotundmn
Foramen Vesalii
Foramen ovale
Foramen spinosum

presents, in the middle line, a vertical ridge of bone, the sphenoidal crest, which
articulates in front with the perpendicular plate of the ethmoid, forming part of

septum of the nose. On either side of it are irregular openings leading into
the sphenoidal cells or sinuses.
These are two large, irregular cavities hollowed
out of the interior of the body of the sphenoid bone, and separated from one
the

another by a more or less complete perpendicular bony septum. Their
size vary considerably
they are seldom symmetrical, and are often
subdivided by irregular osseous laminge.
Occasionally, they extend
basilar process of the occipital nearly as far as the foramen magnum.
;

tum

is seldom quite
These sinuses do not

vertical,

being

commonly bent

to

form and
partially

into

the

The

sep-

one or the other

side.

exist in childi'en, but they increase in size as age advances.

They are partially closed, in front and below, by two thin, curved plates of bone,
the sphenoidal turbinated bones, leaving a round opening at their upper parts, by
which they communicate with the upper and back part

of the

nose and occa-

sionally with the posterior ethmoidal cells or sinuses.
The lateral margins of
this surface present a serrated edge, which articulates with the os planum of
the ethmoid,' completing the posterior ethmoidal cells the lower margin, also
;

rough and serrated, articulates with the orbital process

of

the palate bone

;

f
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and the upper margin with the

orbital

plate of

the frontal bone.

The

in-

middle line, a triangular spine, the rostrum,
which is continuous with the ethmoidal crest on the anterior surface, and is
On each side may
received into a deep fissiu^e between the alae of the vomer.
be seen a projecting lamina of bone, which runs horizontally inwards from
near the base of the pterygoid process: these plates, termed the vaginal proClose to the root of the pterycesses, articulate with the edges of the vomer.
goid process is a groove, formed into a complete canal when articulated with the
sphenoidal process of the palate bone it is called the pterygo-]jalatine canal,
and transmits the pterygo-palatine vessels and pharyngeal nerve.
The Greater Wings are two strong processes of bone, which arise from the
sides of the body, and are curved in a direction upwards, outwards and
backwards being prolonged behind into a sharp-pointed extremity, the spinous
Each wing presents three surfaces and a circumprocess of the sphenoid.
The superior or cerebral surface (fig. 148) forms part of the middle
ference.
it is deeply concave, and presents eminences and depresfossa of the skull
ferior

surface

presents, in the

;

;

;

FiG. 149.

— Sphenoid bone.

Anterior

siu-face.

Pte7

Hamidar process
sions for the convolutions of

the brain.

At

its

anterior

and internal part

is

seen a circular aperture, the foramen rotundum, for the transmission of the
second division of the fifth nerve. Behind and external to this is a large, oval
foramen, the foramen ovale, for the transmission of the third division of the
fifth nerve, the small meningeal artery, and sometimes the small petrosal nerve.
At the inner side of the foramen ovale, a small aperture may occasionally be
it
is the foramen Vesalii,
seen opposite the root of the pterygoid process
transmitting a small vein. Lastly, in the posterior angle, near to the spine
it
of the sphenoid, is a short canal, sometimes double, the foramen spinosum
transmits the middle meningeal artery. The external surface (fig. 149) is convex,
and divided by a transverse ridge, the pterygoid ridge,t into two portions. The
superior or larger, convex from above downwards, concave from before backwards, enters into the formation of the temporal fossa, and gives attachment
The inferior portion, smaller in size and conto part of the Temporal muscle.
;

;

* In this figure, both the anterior and inferior stirfaces of the body of the sphenoid
bone are shown, the bone being held with the pterygoid processes almost horizontal.
t The small petrosal nerve sometimes passes through a special foramen between the
foramen ovale and foramen spinosum.
X Sometimes called infra-ternj^oral crest.
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cave, enters into the formation of the zygomatic fossa, and affords attachment to
It presents, at its posterior part, a sharp-pointed
the External pterygoid muscle.
eminence of bone, the spinous -process, to which are connected the internal lateral

ligament of the lower jaw and the Tensor palati muscle. The pterygoid ridge,
dividing the temporal and zygomatic portions, gives attachment to part of the
External pterygoid muscle. At its inner and anterior extremity is a triangular
spine of bone, which serves to increase the extent of origin of this muscle.
The anterior or orbital surface, smooth, and quadrilateral in form, assists in
forming the outer wall of the orbit. It is bounded above by a serrated edge,
below, by a rounded border, which
for articulation with the frontal bone
enters into the formation of the spheno-maxillary fissure. Internally, it presents
a sharp border, which forms the lower boundary of the sphenoidal fissure, and
has projecting from about its centre a little tubercle of bone, which gives origin to
one head of the External rectus muscle of the eye and at its upper part is a
notch for the transmission of a branch of the lachrymal artery externally,
margin for articulation with the malar bone. One or
it presents a serrated
two small foramina may occasionally be seen for the passage of branches of
the deep temporal arteries
they are called the external orbital foramina.
Circumference of the great wing (fig. 148) commencing from behind; that portion of the circumference which extends from the body of the sphenoid to
the spine is serrated and articulates by its outer half with the petrous portion of the temporal bone
whilst the inner half forms the anterior boundary
of the foramen lacerum medium, and presents the posterior aperture of the
Vidian canal for the passage of the Vidian nerve and artery. In front of the
spine the circumference of the great wing presents a serrated edge, bevelled
at the expense of the inner table below, and of the external above, which
At the tip of
articulates with the squamous portion of the temporal bone.
the great wing a triangular portion is seen bevelled at the expense of the
internal surface, for articulation with the anterior inferior angle of the parietal
bone.
Internal to this is a broad, serrated surface, for articulation with the
frontal bone
this surface is continuous internally with the sharp inner edge of
the orbital plate, which assists in the formation of the sphenoidal fissure, and
externally with the serrated margin for articulation with the malar bone.
The Lesser Wings {processes of Ingrassias) are two thin, triangular plates of
bone, which arise from the upper and lateral parts of the body of the sphenoid, and, projecting transversely outwards, terminate in a sharp point (fig. 148).
The superior surface of each is smooth, flat, broader internally than exterThe inferior surnally, and supports part of the frontal lobe of the brain.
face forms the back part of the roof of the orbit, and the upper boundary
This fissure is of a
of the sphenoidal fissure or foramen lacerum anterius.
triangular form, and leads from the cavity of the cranium into the orbit it
above, by the lesser wing
is bounded internally by the body of the sphenoid
below, by the internal margin of the orbital surface of the great wing and is
converted into a foramen by the articulation of this bone with the frontal. It
transmits the third, the fourth, the three branches of the ophthalmic division of
the fifth, the sixth nerve, some filaments from the cavernous plexus of the sympathetic, the orbital branch of the middle meningeal grtery, a recurrent branch
The
from the lachrymal artery to the dura mater, and the ophthalmic vein.
anterior border of the lesser wing is serrated for articulation with the frontal
bone
the posterior, smooth and rounded, is received into the fissure of
Sylvius of the brain.
The inner extremity of this border forms the anterior
clinoid process.
The lesser wing is connected to the side of the body by two
roots, the upper thin and flat, the lower thicker, obhquely directed, and presenting on its outer side, near its junction with the body, a small tubercle, for the
attachment of the common tendon of origin of three of the muscles of the eye.
Between the two roots is the 02:)tic foramen, for the transmission of the optic
nerve and ophthalmic artery.
;

;

:

:

:

;

:

;

;

;

;

;

M

THE SKELETON

l62

The Pterygoid Processes {inlpv^, a wing et8os, likeness), one on each side,
descend perpendicularly from the point where the body and greater wing unite
(fig. 150).
Each process consists of an external and an internal plate, which
are joined together by their anterior borders above, but are separated below,
leaving an angular cleft, the pterygoid notch, in which the pterygoid process or
The two plates diverge from each other
tuberosity of the palate bone is received.
from their line of connection in front, so as to form a V-shaped fossa, the pteryqoicl fossa. The external pterygoid plate is broad and thin, turned a little outwards,
and, by its outer surface,
forms part of the inner wall
Posterior
surface.
Sphenoid
bone.
Fig. 150.
of the zygomatic fossa, giving
attachment to the External
;

—

pterygoid its inner surface
forms part of the pterygoid
;

fossa,

to

The
is

and gives attachment

the

Internal

pterygoid.

internal pterygoid plate

much narrower and longer,

curving outwards, at

its

ex-

tremity, into a hook-like pro-

bone, the hamular
around w^hich turns
the tendon of the Tensor
cess

of

p)rocess,

palati

muscle.

The

outer

surface of this plate forms

part of the pterygoid fossa,
the inner surface forming the outer boundar}^ of the posterior aperture of the
nares.
On the posterior surface of the base of the process, above the pterygoid
fossa, is a small, oval, shallow depression, the scapihoid fossa, from which arises
the Tensor palati, and above which is seen the posterior orifice of the Vidian
canal.

Below and

Vidian canal, on the posterior surface
prominence, which is known by the
The Superior constrictor of the pharynx is

to the inner side of the

of the base of the internal plate, is a little

name

of the pterygoid tubercle.
attached to the posterior edge of the internal plate. The anterior surface of the
pterygoid process is very broad at its base, and forms the posterior wall of the
spheno-maxillary fossa. It supports Meckel's ganglion. It presents, above, the
and below, a rough margin, which articulates
anterior orifice of the Vidian canal
with the perpendicular plate of the palate bone.
The Sphenoidal Spongy Bones are two thin, curved plates of bones, which
exist as separate "pieceLs until puberty, and occasionally are not joined to the
sphenoid in the adult. They are situated at the anterior and inferior part of the
body pf the sphenoid, an aperture of variable size being left in their anterior
wall, through which the sphenoidal sinuses open.into the nasal fossae.
They are
irregular in form, and taper to a point behind, being broader and thinner in front.
Their u^pper surface, which looks towards the cavity of the sinus, is concave;
their under surface conv^ex.
Bach bone articulates in front with the ethmoid,
externally with the palate its pointed posterior extremity is placed above the
vomer, and is received between the root of the pterygoid process on the outer
side, and the rostrum of the sphenoid on the inner.*
Development. Up to about the eighth month of foetal life the sphenoid bone
consists of two distinct parts
a posterior or pjost- sphenoid part, which comprises
the pituitary fossa, the greater wings, and the pterygoid processes
and an
anterior or pre-sphenoid part, to which the anterior part of the body and lesser
;

'

;

—

-.

:

;

A

*
small portion of the sphenoicTal turbinated bone sometimes enters into the formation 9f the inner wall of the orbit, between the os planum of the ethmoid in front, the
orbital plate of the palate below, and the frontal above.
Cleland, Roy. Soc. Trans. 1862.
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wings belong. It is developed by fourteen centres eight for the posterior
sphenoid division, and six for the anterior sphenoid. The eight centres for the
one for
posterior sphenoid are
each greater wing and external Fig. 151.— Plan of the development of sphenoid.
By fourteen centres.
pterygoid plate, one for each
:

—

two

for

the posterior part of the body,

and

internal pterygoid

plate,

one

one on each side for the lingula.
The six for the anterior sphenoid
are one for each lesser wing, two
for the anterior part of the body,
and one for each sphenoidal turbinated bone.
Post-sphenoid

Division.
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men rotundum and foramen

ovale
about the eighth week, and from them the external pterygoid plates are also
formed.
Soon after, the nuclei for the posterior part of the body appear, one on
either side of the sella turcica, and become blended together about the middle of
foetal life.
About the fourth month the remaining four centres appear, those for
the internal pterygoid -plates being ossified in membrane and becoming joined
to the external pterygoid plate about the sixth month.
The centres for the
lingulse speedily become joined to the rest of the bone.
Pre-sjjhenoid Division.
The first nuclei to appear are those for the lesser wings.
They make their appearance about the ninth week, at the outer borders of the
optic foramina.
A second pair of nuclei appear on the inner side of the foramina
shortly after, and becoming united, form the front part of the body of the bone.
The remaining two centres for the sphenoidal turbinated bones make their
appearance about the fifth month. At bu^th they consist of small triangular
laminae, and it is not till the third year that they become hollowed out and cone
shaped.
The pre-sphenoid is united to the body of the post-sphenoid about the eighth
month, so that at birth the bone consists of three pieces viz. the body in the
centre, and on each side the great wings with the pterygoid processes.
The
lesser wings become joined to the body at about the time of birth.
At the first
year after birth the greater wdngs and body are united. From the tenth to the
twelfth year the spongy bones are partially united to the sphenoid, their junction
being complete by the tw^entieth year.
Lastly, the sphenoid joins the occipital
from the eighteenth to the twenty-fifth year.
Articulations. ^The sphenoid articulates with all the bones of the cranium,
and five of the face the two malar, two palate, and vomer the exact extent of
articulation w^ith each bone is shown in the accompanying figures.*
Attaclimeht of Muscles. To eleven pairs the Temporal, External pterygoid.
Internal pterygoid, Superior constrictor, Tensor palati. Levator palpebrae,

—

—

—

:

—

:

Obliquus oculi superior, Superior rectus, Internal rectus, Inferior rectus, External
rectus.

The Ethmoid Bone
The Ethmoid {rjOfxo's, a sieve) is an exceedingly light, spongy bone, of a cubical
form, situated at the anterior part of the base of the cranium, between the two
orbits, at the root of the nose, and contributing to form each of these cavities.
It consists of three parts
a horizontal plate, which- forms part of the base of
the cranium a perpendicular plate, which forms par^ of the septum nasi and
:

;

two

lateral

* It also

masses

;

of cells.

sometimes articulates with the tuberosity of the superior maxilla

(see p. 170).

M
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The Horizontal

(fig. 152) forms part of the anterior fossa
received into the ethmoid notch of the frontal
bone between the two orbital plates. Projecting upwards from the middle line
of this plate is a thick, smooth, triangular process of bone, the crista galli, so
called from its resemblance to a cock's comb. Its base joins the cribriform plate.
Its posterior border, long, thin, and slightly curved, serves for the attachment of

or Cribriform Plate

of the base of the skull,

and

is

the falx cerebri.
Fig. 152.

—Ethmoid bone.
lateral

mass

short

border,

Outer surface ofrif :ht

Its anterior

and

thick,

articulates with

the frontal
bone, and presents two small
projecting alae, which are
received into corresponding

(enlarged).

depressions in the frontal,
completing
the
foramen
caecum behind.
Its sides
are smooth and sometimes
bulging in which case it is
found to enclose a small
sinus.*
On each side of the
;

crista

galli,

the

cribriform

narrow, and deeply
grooved, to support the bulb

plate

is

of the olfactory tract, and
perforated by foramina for
the passage of the olfactory
u'M infMarhinated b.

These foramina are
arranged in three rows the
innermost, which are the largest and least numerous, are lost in grooves on
the upper part of the septum
the foramina of the outer row are continued on
to the surface of the upper spongy bone.
The foramina of the middle row are
the smallest they perforate the bone, and transmit nerves to the roof of the
nose.
At the front part of the cribriform plate, on each side of the crista galli,
is a small fissure, which transmits the nasal branch of the ophthalmic nerve
and at its posterior part a triangular notch, which receives the ethmoidal spine
nerves.

:

;

;

;

of the

sphenoid.

The Perpendicular Plate

(fig.

153)

is

a thin, flattened lamella of bone, which

descends from the under surface of the cribriform plate, and assists in forming
the septum of the nose.
It is much thinner in the middle than at the circumference, and is generally deflected a little to one side.
Its anterior border
articulates with the nasal spine of the frontal bone and crest of the nasal bones.
Its posterior, divided into two parts, articulates by its upper half with the
sphenoidal crest of the sphenoid, by its lower half with the vomer. The
inferior border serves for the attachment of the triangular cartilage of the nose.
On each side of the perpendicular plate numerous grooves and canals are seen,
leading from foramina on the cribriform plate
they lodge filaments of the
;

olfactory nerves.

The Lateral Masses

ethmoid consist of a number of thin-walled cellular
interposed between two vertical plates of bone, the
outer one of which forms part of the orbit, and the inner one part of the nasal
fossa of the corresponding side.
In the disarticulated" bone many of these cells
appear to be broken; but when the bones are articulated, they are closed in at
every part. The upper surface of each lateral mass presents a number of apparently half-broken cellular spaces
these are closed in when articulated by the
edges of the ethmoidal notch of the frontal bone. Crossing this surface are two
cavities, the

ethvwidal

of the

cells,

;

* Sir George Humphry states that the crista galli is commonly inclined to one side,
nsually the opposite to that towards which the lower part of the perpendicular plate is
bent.
The Human Skeleton, 1858, p. 277.

—

;
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grooves on each side, converted into canals by articulation with the frontal they
are the anterior and posterior ethmoidal canals, and open on the inner wall of
The posterior surface also presents large, irregular cellular cavities,
the orbit.
which are closed in by articulation with the sphenoidal turbinated bones and
orbital process of the palate.
The cells at the anterior surface are completed
by the lachrymal bone and nasal process of the superior maxillary, and those
below by the superior maxillary. The outer surface of each lateral mass is
formed of a thin, smooth, square plate of bone, called the os planum it forms
part of the inner wall
of the orbit, and articuFig. 153.
Perpendicular plate of ethmoid (enlarged).
lates, above, with the
Shown by removing the right lateral mass.
orbital
plate of
the
frontal
below, with
the superior maxillary
in front, with the lach'ith Ethmoidac
rymal
and behind,
with the sphenoid and
orbital process of the
;

;

—

;

;

palate.

From

the

inferior

each lateral
mass, immediately beneath the OS planum,

part

of

there

down-

projects

wards and backwards
an irregular lamina of
bone,

form

called the

unci-

from

process,

.hook-like form

its

serves to close in the upper part of the orifice of the antrum,
and articulates with the ethmoidal process of the inferior turbinated bone. It is
often broken in disarticulating the bones.

The inner

;

it

surface of each lateral

fossa of the corresponding side.

It

mass forms part
is

formed

of the outer wall of the nasal

of a thin lamella of bone,

which

descends from the under surface of the cribriform plate, and terminates below in
a free, convoluted margin, the middle turbinated bone.
The whole of this surface
is rough, and marked above by numerous grooves, which run nearly vertically
downwards from the cribriform plate they lodge branches of the olfactory
nerve, which are distributed on the mucous membrane covering the bone.
The
back part of this surface is subdivided by a narrow oblique fissure, the superior
meatus of the nose, bounded
above by a thin, curved plate
FiG. 154. Ethmoid bone. Inner surface of
;

—

of bone, the superior turbinated

bone.

By means

of

an

right lateral

mass

(enlarged).

orifice

upper part of this fissure,
ethmoidal cells
open into the nose. Below, and

at the

the

posterior

in front of the superior meatiTS,
is seen the convex surface of the
middle turbinated bone.
It
extends along the whole length
of the inner surface of each
lateral mass
its lower margin
;

is

free

cavity,

and

thick,

and

its

directed outwards,

conas-

forming the middle meatus. It is by a large orifice at the upper and
front part of the middle meatus that the anterior ethmoidal cells, and through
them the frontal sinuses, communicate with the nose, bv means of a funnelsists in

1
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shaped canal, the infundihulum. The cellular cavities of each lateral mass, thus
walled in by the os planum on the outer side, and by the other bones already
mentioned, are divided by a thin transverse bony partition into two sets, which
do not communicate with each other they are termed the anterior and ijosterior
ethmoidal cells, or sinuses. The former, more numerous, communicate with the
frontal sinuses above, and the middle meatus below, by means of along, flexuous
canal, the infundihulum the posterior, less numerous, open into the superior
meatus, and communicate (occasionally) with the sphenoidal sinuses.
Development. By three centres one for the perpendicular lamella, and one
for each lateral mass.
The lateral masses are first developed, ossific granules making their appearance in the os planum between the fourth and fifth months of foetal life, and extending into the spongy bones. At birth, the bone consists of the two lateral
masses, which are small and ill-developed. During the first year after birth, the
perpendicular and horizontal plates begin to ossify, from a single nucleus, and
become joined to the lateral masses about the beginning of the second year.
The formation of the ethmoidal cells, which completes the bone, does not commence until about the fourth or fifth year.
With fifteen bones the sphenoid, two sphenoidal turbinated,
Articulations.
the frontal, and eleven of the face the two nasal, two superior maxillary, two
lachrymal, two palate, two inferior turbinated, and the vomer. No muscles are
attached to this bone.
;

;

—

:

—

:

—

Development of the Cranium
The

early stages of the development of the cranium have already been described (see
have seen that it is formed from a layer of mesoblast, derived from the
protovertebral plates of the trunk, which is spread over the whole surface of the rudimentary brain. That portion of tliis layer from which the bones of the skull are to be developed
consists of a thin, membranous capsule.
Ossification commences in tlie roof, and is preceded by the deposition of a membranous blastema upon the surface of the cerebral capsule, in which the ossifying prothe primitive membranous capsule becoming the internal periosteum, and
cess extends

page

90).

We

;

—

Skull at birth, showing the
Fig. 155.
anterior and posterior fontanelles.

Fig. 156.

—The lateral fontanelles.

bemg

ultimately blended with the dura mater. The ossification of the bones of the base
takes place for the most part in cartilage, and although the bones of the vertex of the
skull appear before those at the base, and make considerable progress in their growth, at
birth ossification is more advanced in the base, this portion of the skull forming a solid,

immovable groundwork.

The Fontanelles
and side of the skull are separated from each
in which bone is deficient.
These intervals are principally
found at the four angles of the parietal bones. Hence there are six of these intervals.
Before birth, the

other by

bones

at the vertex

membranous intervals,
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is due to the wave of ossitication being circular and the bones quadrithe ossific matter first meets at the margins of the bones, at the points nearest to
their centres of ossification, and vacuities or spaces are left at the angles, which are called
fontanelles, so named from the pulsations of the brain,- which are jjerceptible at the
anterior fontanelle, and were likened to the rising of water in a fountain.
The anterior
fontanelle is the largest, and corresponds to the junction of the sagittal and coronal
the posterior fontanelle, of smaller size, is situated at the junction of the
sutures
the remaining ones are situated at the inferior angles of
sagittal and lambdoid sutures
each parietal bone. The latter are closed soon after birth the two at the two superior
angles remain open longer the posterior being closed in a few months after birth the
anterior remaining open until the first or second year.
These spaces are gradually filled in
by an extension of the ossifying process, or by the development of a Wormian bone. Sometimes the anterior fontanelle remains open beyond two years, and is occasionally persistent

Their formation
lateral

;

;

;

;

;

throughout

;

life.

SUPERNUMEEAEY OR WOEMIAN * BONES
In addition to the constant centres of ossification of the skull, additional ones are
occasionally found in the course of the sutures. These form irregular, isolated bones,
interposed between the cranial bones, and have been termed Wormian hones or ossa
triquetra.
They are most frequently fomid in the course of the lambdoid suture,
but occasionally also occupy the situation of the fontanelles, especially the posterior
Frequently one is found between the anterior inferior
and, more rarely, the anterior.
angle of the parietal bone and the greater wing of the sphenoid, the 2^i^rion ossicle
(fig. 156).
They have a great tendency to be symmetrical on the two sides of the skull,
and they vary much in size, being in some cases not larger than a pin's head, and confined
in other cases so large that one pair of these bones may form the
to the outer table
whole of the occipital bone above the superior curved lines, as described by Beclard and
Ward. Their number is generally limited to two or three but more than a hundred
have been found
the skull of an adult hydrocephalic skeleton.
In their development,
structure; and mode of articulation, they resemble the other cranial bones.
;

;

m

Congenital Fissures and Gaps

An

arrest in the ossifying process

may

give rise to deficiencies, or gaps

;

or to fissures

which are of importance in a medico-legal point of view, as they are liable to be mistaken
for ft-actures.
The fissures generally extend from the margins towards the centre of the
bone, but the gaps may be found in the middle as well as at the edges.
In course of time
they may become covered with a thin lamina of bone.

Bones of the Pace
The Facial Bones

are fourteen in

number

—

viz.

Two
Two

Two Nasal.
Two Superior Maxillary.
Two Lachrymal.
Two Malar.

the
Palate.
Inferior Turbinated.

Vomer.
Inferior Maxillary.

Of these, the upper and lower jaws are the fundamental bones for masticaand the others are accessories for the chief function of the facial bones is
to provide an apparatus for mastication, while subsidiary functions are to provide for the sense-organs (eye, nose, tongue) and a vestibule to the respiratory and
vocal organs.
Hence the variations in the shape of the face in man and the
lower animals depend chiefly on the question of the character of their food and
'

tion,

their

;

mode

of obtaining it.'t

Nasal Bones
The Nasal (nasus, the nose) are two small oblong bones, varying in size and
form in different individuals they are placed side by side at the middle and
upper part of the face, forming, by their junction, the bridge of the nose
(fig. 157).
Each bone presents for examination two surfaces and four borders.
The outer surface is concave from above downwards, convex from side to side
;

'

'

;

*

Wormius, a physician in Copenhagen,

is

tion of these bones.

t

W. W. Keen.

American

edition, p. 185.

said to

have given the

first

detailed descrip-
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covered by the Pyramidalis and Compressor nasi muscles, and gives attachment at its upper part to a few fibres of the Occipito-frontahs muscle (Theile).
It is marked by numerous small arterial furrows, and perforated about its centre
by a foramen, sometimes double, for the transmission of a small vein. Sometimes this foramen is absent on one or both sides, and occasionally the foramen
caecum opens on this surface. The inner surface is concave from side to side,
convex from above downwards in which direction it is traversed by a longituit is

;

Fig. 157.

—Nasal bone and Lachrymal bone in

situ.

lc</hr0fTi^ hone

^

Jnfrui--Dr'btlaL

Qrooue

s

Vost, oUrdxd,
couzaLs

Mcux.MoWLf
'UiherosiA/y

the passage of a branch of the nasal
narrow, thick, and serrated for articulation with
the nasal notch of the frontal bone. The inferior border is broad, thin, sharp,
inclined obliquely downwards, outwards, and backwards, and serves for the
attachment of the lateral cartilage of the nose. This border presents, about its
middle, a notch, through which passes the branch of the nasal nerve above redinal groove (sometimes a canal), for

nerve.

The

superior border

FiG. 158.

is

— Right nasal bone.

Fig. 159.

— Left nasal bone.

WiiJi frontal hone

r\

With
frontal spine
Crest

With

With

opposite hone

perp)endiciilar

plate of

ethmoid

Groove for nasal nerve

Outer Surface
ferred to

when

;

and

is

prolonged at

Inner Surface
its

inner extremity into a sharp spine, which,

articulated with the opposite bone, forms the nasal angle.

The

external

border is serrated, bevelled at the expense of the internal surface above, and of
the external below, to articulate with the nasal process of the superior maxillary.
The internal border, thicker above than below, articulates with its fellow of the
opposite side, and is prolonged behind into a vertical crest, which forms part of
the septum of the nose this crest articulates, from above downwards, with the
:
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nasal spine of the frontal, the perpendicular plate of the ethmoid, and the triangular
septal cartilage of the nose.

Development.

— By one
—

centre for each bone, which appears about the

same

period as in the vertebrae.
With four bones two of the cranium, the frontal and ethmoid,
Articulations.
and two of the face, the opposite nasal and the superior maxillary.
Attachment of Muscles. A few fibres of the Occipito-frontalis muscle.
:

—

Superior Maxillary Bones

The Superior Maxillary Bones (maxilla, the jaw-bone) are the most important
bones of the face from a surgical point of view, on account of the number of
Their careful examination
diseases to which some of their parts are liable.
They are the largest
becomes, therefore, a matter of considerable interest.
bones of the face, excepting the lower jaw, and form, by their union, the
whole of the upper jaw. Each bone assists in the formation of three cavities.
Fig. 160.

-Left superior maxillary bone.

Outer surface.

Outer Surface.

Tendo

ociili

Posterior dental
canals
Incisive fossa

Maxillarij tuberosity.

Bicus/iidx.

the roof of the mouth, the floor

and outer wall

jvlol'*''

of the nasal fossge,

and .the

floor

the zygomatic and
spheno-maxillary, and two fissures, the spheno-maxillary and pterygo-maxillary.
The bone presents for examination a body and four processes malar, nasal,

of the

orbit

;

and

also enters into the formation of

two

fossae,

—

and
The body

alveolar,

palate.

somewhat cuboid, and is hollowed out in its interior to form a
antrum of Highmore. Its surfaces are four an external or facial,
a posterior or zygomatic, a superior or orbital, and an internal.
The external or facial surface (fig. 160) is directed forwards and outwards. It
presents at its lower part a series of eminences corresponding to the position of
is

large cavity, the

—

Just above those for the incisor teeth is a depression, the incisive or
myrtiform fossa, which gives origin to the Depressor alse nasi and, below it, to
Above and a little
the alveolar border is attached a slip of the Orbicularis oris.
external to it, the Compressor nasi arises.
More external is another depression,
the canine fossa, larger and deeper than the incisive fossa, from which it is
separated by a vertical ridge, the canine eminence, corresponding to the socket of

the teeth.

;
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the canine tooth. The canine fossa gives origin to the Levator anguh oris. Above
the canine fossa is the infra-orbital foramen, the termination of the infra-orbital
canal it transmits the infra-orbital vessels and nerve. Above the infra-orbital
;

foramen is the margin of the orbit, vv^hich affords partial attachment to the
Levator labii superioris proprius. To the sharp margin of bone which l)ounds
this surface in front and separates it from the internal surface is attached the
Dilator naris posterior.

The posterior or zygomatic surface is convex, directed backwards and outwards, and forms part of the zygomatic fossa. It is separated from the facial
surface by a strojig ridge of bone, which extends upwards from the socket of the
second molar tooth. It presents about its centre several apertures leading to
canals in the substance of the bone
they are termed the ijosterior dental
canals, and transmit the posterior dental vessels and nerves.
At the lower part
of this surface is a rounded eminence, the maxillary tuberosity, especially
prominent after the growth of the wisdom-tooth, rough on its inner side for
articulation with the tuberosity of the palate-bone and sometimes with the
external pterygoid plate.
It gives attachment to a few fibres of origin of the
Internal pterygoid muscle. Immediately above this is a smooth surface, which
forms the anterior boundary of the spheno-maxillary fossa it presents a groove,
which, running obliquely downwards, is converted into a canal by articulation
with the palate-bone, forming the j^osterior palatine canal.
The superior or orbital surface is thin, smooth, triangular, and forms part of
the floor of the orbit.
It is bounded internally by an irregular margin which
in front presents a notch, the lachrymal 7iotch, which receives the lachrymal
bone in the middle articulates with the os planum of the ethmoid, and behind
with the orbital process of the palate-bone it is bounded externally by a smooth,
rounded edge which enters into the formation of the spheno-maxillary fissure, and
which sometimes articulates at its anterior extremity with the orbital plate of the
sphenoid and it is bounded in front by part of the circumference of the orbit, which
is continuous, on the inner side with the nasal, on the outer side with the malar
process.
Along the middle line of the orbital surface is a deep groove, the infraorbital, for the passage of the infra-orbital vessels and nerve.
The groove commences at the middle of the outer border of this surface, and, passing forwards,
terminates in a canal, 'Which subdivides into two branches. One of the canals,
the infra-orbital, opens just below the margin of the orbit the other, which is
smaller, runs in the substance of the anterior wall of the antrum it is called the
anterior dental canal, and transmits the anterior dental vessels and nerve to the
;

;

;

;

;

;

;

From the back part of the infra-orbital canal, a
second small canal is sometimes given off, which runs in the substance of the
Occasionally,
bone, and conveys the middle dental nerve to the bicuspid teeth.
this canal is derived from the anterior dental.
At the inner and fore part of the
orbital surface, just external to the lachrymal groove for the nasal duct, is a
depression, w^hich gives origin to the Inferior oblique muscle of the eye.
The internal surface (fig. i6i) is unequally divided into two parts by a horizontal projection of bone, the iKilate process the portion above the palate process
forms part of the outer wall of the nasal fossae that below it forms part of the
cavity of the mouth.
The superior division of this surface presents a large, irregular opening leading into the antrum of Highmore. At the upper border of this
aperture are numerous broken cellular cavities, which, in the articulated skull, are
closed in by the ethmoid and lachrymal bones.
Below the aperture is a smooth
concavity which forms part of the inferior meatus of the nasal fossae, and behind
it is a rough surface which articulates wdth the perpendicular plate of the palatebone, traversed by a groove which, commencing near the middle of the posterior
border, runs obliquely downwards and forwards, and forms, when completed by
In front of the
its articulation with the palate-bone, the posterior palatine canal.
opening of the antrum is a deep groove, converted into a canal by the lachrymal
and inferior turbinated bones. It is called the lachrymal groove, and lodges the

front teeth of the upper jaw.

:

;
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is a well-marked rough ridge, the inferior turbinated
with the inferior turbinated bone. The concavity above
whilst that below it
this ridge forms part of the middle meatus of the nose
forms part of the inferior meatus. The portion of this surface below the palate
process is concave, rough and uneven, and perforated by numerous small foramina
It enters into the formation of the roof of
for the passage of nutrient vessels.
the mouth.
The Antrum of Highmore, or Maxillary Sinus, is a large pyramidal cavity,
hollowed out of the body of the maxillary bone its apex, directed outwards, is
formed by the malar process its base, by the outer wall of the nose. Its walls
are everywhere exceedingly thin, and correspond to the orbital, facial, and
zygomatic surfaces of the body of the bone. Its inner wall, or base, presents,
in the disarticulated bone, a large, irregular aperture, which communicates with
The margins of this aperture are thin and ragged, and the
the nasal fossa.
aperture itself is much contracted by its articulation with the ethmoid above, tile

nasal duct.

anteriorly

crest, for articulation

;

:

;

Fig. 161.

Bones jjartially closing

marked in

—Left superior maxillary bone.

orifice

Inner surface.

of antrum

outline

Ethmoid
Inferior tubinated

Palate

^>

h] V^X^i
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and the palate-bone behind.* In the articulated skull,
communicates with the middle meatus of the nasal fossae, generally
by two small apertures left between the above-mentioned bones. In the recent
state, usually only one small opening exists, near the upper part of the cavity
sufficiently large to admit the end of a probe, the other being closed by the
inferior turbinated below,
this cavity

lining

membrane

of the sinus.

Crossing the cavity of the antrum are often seen several projecting laminge
of bone, similar to those seen in the sinuses of the cranium and on its posterior
waU are the posterior dental canals, transmitting the posterior dental vessels and
nerves to the teeth. Projecting into the floor are several conical processes,
corresponding to the roots of the first and second molar teeth t in some cases
the floor is perforated by the teeth in this situation.
;

;

In some cases, at any rate, the lachrymal bone also encroaches slightly on the anterior
superior portion of the opening, and assists in forming the inner wall of the antrum.
_t The number of teeth whose fangs are in relation with the iloor of the antrum is
variable.
The antrum may extend so as to be in relation to all the teeth of the true
maxiha, from the canine to the dens sapienticB: See Mr. Salter on Abscess of the
Antrum, in a System of Surgery, edited by T. Holmes, 2nd edit. vol. iv. p. 356.
'

—

;
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from the extreme thinness of the walls of this cavity that we are enabled to
a tumour growing from the antrum encroaches upon the adjacent parts,
pushing up the floor of the orbit, and displacing the ej'eball, projecting inwards into the
nose, protruding forwards on to the cheek, and making its way backwards into the zygomatic fossa, and downwards into the mouth.
It is

explain

how

The Malar Process is a rough triangular eminence, situated at the angle of
separation of the facial from the zygomatic surface.
In front it is concave,
forming part of the facial surface behind, it is also concave, and forms part of
the zygomatic fossa above, it is rough and serrated for articulation with the
malar bone whilst below, a prominent ridge marks the division between the
facial and zygomatic surfaces.
A small part of the Masseter muscle arises from
;

;

;

this process.

The Nasal Process is a thick, triangular plate of bone, which projects upwards,
inwards, and backwards, by the side of the nose, forming part of its lateral
boundary. Its external surface is concave, smooth, perforated by numerous
foramina, and gives attachment to the Levator labii superioris alaeque nasi, the
Its internal surface forms part of the
Orbicularis palpebrarum, and Tendo oculi.
outer wall of the nasal fossae at its upper part it presents a rough, uneven surface,
which articulates with the ethmoid bone, closing in the anterior ethmoidal cells
below this is a transverse ridge, the superior turbinated crest, for articulation with
the middle turbinated bone of the ethmoid, bounded below by a smooth concavity which forms part of the middle meatus below this again is the inferior
turbinated crest (already described), where the process joins the body of the
The anterior border of
bone. Its upper border articulates with the frontal bone.
the nasal process is thin, directed obliquely downwards and forwards, and
presents a serrated edge for articulation with the nasal bone its posterior border
is thick, and hollowed into a groove, the lachrymal groove, for the nasal duct
of
the two margins of this groove, the inner one articulates with the lachrymal
bone, the outer one forms part of the circumference of the orbit. Just where
the latter joins the orbital surface is a small tubercle, the lachrymal tubercle
this serves as a guide to the position of the lachrymal sac in the operation for
fistula lachrymalis.
The lachrymal groove in the articulated skull is converted
into a canal by the lachrymal bone and lachrymal process of the inferior turbinated it is directed downwards, and a little backwards and outwards, is about
the diameter of a goose-quill, slightly narrower in the middle than at either
extremity, and terminates below in the inferior meatus.
It lodges the nasal
:

;

;

;

:

;

;

duct.

The Alveolar Process is the thickest and most spongy part of the bone,
broader behind than in front, and excavated into deep cavities for the reception
of the teeth.
These cavities are eight in number, and vary in size and depth
according to the teeth they contain. That for the canine tooth is the deepest
those for the molars are the widest, and subdivided into minor cavities those
for the incisors are single, but deep and narrow.
The Buccinator muscle arises
from the outer surface of this process, as far forward as the first molar tooth.
The Palate Process, thick and strong, projects horizontally inwards from the
inner surface of the bone. It is much thicker in front than behind, and forms a
considerable part of the floor of the nostril and the roof of the mouth.
Its inferior surface (fig. 162) is concave, rough and uneven, and forms part of
the roof of the mouth. This surface is perforated by numerous foramina for the
passage of the nutrient vessels channelled at the back part of its alveolar border
by a longitudinal groove, sometimes a canal, for the transmission of the posterior
palatine vessels, and the anterior and external palatine nerves from Meckel's
ganglion and presents little depressions for the lodgment of the palatine glands.
When the two superior maxillary bones are articulated together, a large orifice
may be seen in the middle line, immediately behind the incisor teeth. This is
the anterior jKilatine canal or fossa.
This canal, as it passes through the thickness of the palate process, is divided into four compartments that is to say, two
;

;

;

;
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canals branch off laterally to the right and left nasal fossae, and two canals, one
and one behind, lie in the middle line. The former pair of these canals
is named the foramina of Stenson, and through them passes the anterior or
terminal branch of the descending or posterior palatine arteries, which ascends
in front

from the mouth to the nasal fossae. The remaining pair of canals is termed the
foramina of Scarpa, and transmit the naso-palatine nerves, the left passing
through the anterior, and the right through the posterior canal. On the palatal
surface of the process, a delicate linear suture may sometimes be seen extending
from the anterior palatine fossa to the interval between the lateral incisor and
This marks out the intermaxillary, or incisive bone, which in
the canine tooth.
some animals exists permanently as a separate piece. It includes the whole
thickness of the alveolus, the corresponding part of the floor of the nose and the
anterior nasal spine, and contains the sockets of the incisor teeth.
One or two
small foramina in the alveolar margin behind the incisor teeth are occasionally
seen in the adult, almost constantly in the young subject. They are called the
Fig. 162.

— The palate and alveolar arch.

Anterior palatine carnal

Eoramen

ot Stenson

Founnen of Scarpa

Posterior palatine ca na 1

Accessory palatine foramen

incisive foramina, and transmit vessels and nerves to the incisor teeth.
The
upper surface is concave from side to side, smooth, and forms part of the floor of
the nose.
It presents the upper orifices of the foramina of Stenson and Scarpa,
the former being on each side of the middle line, the latter being situated in the
intermaxillary suture, and therefore not visible unless the two bones are placed
in apposition.
The outer border of the palate process is incorporated with the
rest of the bone.
The inner border is thicker in front -than behind, and is raised
above into a ridge, the nasal crest, which, with the corresponding ridge in the
opposite bone, forms a groove for the reception of the vomer.
In front, this

and this portion is named the incisor crest.
bounded by the thin, concave border of the opening

crest rises to a considerable height,

The

anterior

margin

is

nose prolonged forwards internally into a sharp process, forming, with
a similar process of the opposite bone, the anterior nasal spine.
The posterior
of the

border

is

serrated for articulation with the horizontal plate of the palate-bone.

Development.

— This

ossification jDroceeds in

bone commences to ossify at a very early period, and
with great rapidity, so that it is difficult to ascertain

it
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It appears, however, probable that
its precise number of centres.
i. One
from four centres, which are deposited in membrane.
which forms that portion of the body of the bone which hes internal to the infra-

with certainty
ossified

is

it

orbital cajial, including the floor of the orbit, the outer wall of the nasal fossa

and the nasal process

;

2.

At

birth.

from which

which gives origin
which lies external to the
malar process 3. a third

a second

Fig. 16".— Development of ^^ that portion of the bone
superior maxillary bone, infra-orbital canal and the

;

developed the palatine process posterior
to Stenson's canal and the adjoining part of the nasal
wall 4. and a fourth for the front part gf the alveolus
which carries the incisor teeth and corresponds to the
pre-maxillary bone of the lower animals. These centres
appear about the eighth week, and by the tenth week
the three first named centres have become fused
together and the bone consists of two portions, one the
is

;

greater part of the bone, and the other the premaxillary portion.
The suture between these two
portions on the palate persists till middle life, but is not
This is believed by
to be seen on the facial surface.
Callender to be due to the fact that the front wall of
the sockets of the incisive teeth is not formed by the
pre-maxillary bone, but by an outgrowth from the facial
part of the superior maxilla.
The antrum appears as
a shallow groove on the inner surface of the bone at
an earlier period than any of the other nasal sinuses, its
development commencing about the fourth month of
Inferior Surface.
The sockets for the teeth are formed by
foetal life.
the growing downw^ards of two plates from the dental
groove, which subsequently becomes divided by partitions jutting across from
the one to the other.
Articulations.
With nine bones two of the cranium, the frontal and ethmoid, and seven of the face viz. the nasal, malar, lachrymal, inferior turbinated,
palate, vomer, and its fellow of the opposite side.
Sometimes it articulates with
the orbital plate of the sphenoid, and sometimes with its external pterygoid
Akteeior Surface.

—

:

—

plate.

—

Attachment of Muscles, To twelve the Orbicularis palpebrarum, Obliquus
Levator labii superioris algeque nasi. Levator labii superioris proprius. Levator anguli oris. Compressor nasi. Depressor alge nasi, Dilatator naris
posterior, Masseter, Buccinator, Internal pterygoid, and Orbicularis oris.
:

oculi inferior.

Changes produced

in

the Upper Jaw by Age

At birth and during infancy the diameter of the bone is greater in an antero-posterior
than in a vertical direction. Its nasal process is long, its orbital surface large, and its
tuberosity well marked.
In the adult the vertical diameter is the greater, o-wing to the
development of the alveolar process and the increase in size of the antrum. In old age
tlie bone approaclies again in character to the infantile condition
its height is diminished,
and after tlie loss of the teeth the alveolar process is absorbed, and the lower part of the
bone contracted and dimmished in thickness.
:

The Lachrymal Bone
The Lachrymal (lachryma, a tear) are the smallest and most fragile bones of
They are situated at the front part of the inner wall of the orbit
face.
and resemble somew^hat in form, thinness, and size, a finger-nail;
(fig. 157),
hence they are termed the ossa ungnis. Each bone presents for examination two
surfaces and four borders.
The external or orbital surface (fig. 164) is divided
by a vertical ridge, the lachrymal crest, into two parts. The portion of bone in
the
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front of this ridge presents a smooth, concave, longitudinal groove, the free
margin of which unites with the nasal process of the superior maxillary bone,

completing the lachrymal groove. The upper part of this groove lodges the
lachrymal sac the lower part lodges the nasal duct. The portion of bone
behind the ridge is smooth, slightly concave, and forms part of the inner wall
The ridge, with a part of the orbital
of the orbit.
64.
Left lachrymal
surface immediately behind it, affords attachment to
Fig.
bone.
External surface.
the Tensor tarsi the ridge terminates below in z
;

,

—

:

(Slightly enlarged.)

small, hook-like projection, the hamular process,
which articulates with the lachrymal tubercle of
the superior maxillary bone, and completes the
upper orifice of the lachrymal groove. It sometimes
exists as a separate piece, which is then called the

with

'fiM^t
^/fl'^llf

lachrymal bone. The internal or nasal surface presents a depressed furrow, corresponding to

7)13*

i ^1^

lesser

si,

1^

\i

f

"^wH

/

\|

\^

/"111

^

The surface of bone
outer surface.
in front of this forms part of the middle meatus
and that behind it articulates with the ethmoid bone,
the ridge on

Frontal

its

Jl/^^^^*^

;

•^

rlm!^^^^^^

1

•§1

Of the four
the anterior ethmoidal cells.
borders the anterior is the longest, and articulates
with the nasal process of the superior maxillary
The posterior, thin and uneven, articulates with the os planum of the
bone.
ethmoid. The superior, the shortest and thickest, articulates with the internal
angular process of the frontal bone. The inferior is divided by the lower edge
the posterior part articulates with the orbital
of the vertical crest into two parts
the anterior portion is prolonged downplate of the superior maxillary bone
filling in

:

;

wards into a pointed process, which articulates with the lachrymal process
of the inferior turbinated bone, and assists in the formation of the lachrymal
groove.

— By a single centre, which makes appearance soon after
has commenced.
Articulations. — With four bones two of the cranium, the frontal and ethmoid, and two of the
the superior maxillary and the inferior turbinated.
Attachment of Muscles. — To one muscle, the Tensor
Development.

its

ossification of the vertebrae

:

face,

tarsi.

The Malae Bones
The Malar (mala, the cheek) are two small, quadrangular bones, situated at
and outer part of the face they form the prominence of the cheek,
part of the outer wall and floor of the orbit, and part of the temporal and zygomatic fossae (fig. 165). Each bone presents for examination an external and an
internal surface four processes, the frontal, orbital, maxillary, and zygomatic;
and four borders. The external surface (fig. 166) is smooth, convex, perforated
near its centre by one or two small apertures, the malar foramina, for- the passage
of nerves and vessels, covered by the Orbicularis palpebrarum muscle, and
affords attachment to the Zygomaticus major and minor muscles.
The internal surface (fig. 167), directed backwards and inwards, is concave,
the upper

:

;

presenting internally a rough, triangular surface, for articulation with the
superior maxillary bone
and externally, a smooth, concave surface, which above
forms the anterior boundary of the temporal fossa, and below, where it is wider,
forms part of the zygomatic fossa. This surface presents, a little above its
centre, the aperture of one or two malar canals, and affords attachment to
a portion of the Masseter muscle at its lower part.
Of the four pro;

_

cesses, the frontal is thick

and

lar process of the frontal bone.

tarsal ligament.

The

backwards from the

serrated,

To

its

orbital process
orbital

margin

is

and

articulates with the external angu-

orbital

a thick

margin is attached the external
and strong plate, which projects

of the bone.

;

Its supero-internal surface

;
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smooth and concave, forms, by its junction with the orbital sm-face of the
superior maxillary bone and with the great wing of the sphenoid, part of the
floor and outer wall of the orbit.
Its infero-external surface, smooth and convex,
forms part of the zygomatic and temporal fossae. Its anterior margin is smooth
and rounded, forming part of the circumference of the orbit. Its superior margin,
rough, and directed horizontally, articulates with the frontal bone behind the
external angular proFiG. 165.— Malar lione in situ.
cess. Its jJiosteno?- margin
is
rough,
and
serrated

for

articula-

tion with the sphenoid

internally

rated for

it is

also ser-

articulation

with the orbital surface
of the superior maxil-

At the angle of
junction of the sphenoidal and maxillary portions, a short, rounded,
non- articular margin is
generally seen
this
forms
the
anterior
boundary of the sphenomaxillary fissure
occasionally, no such nonlary.

;

:

articular

margin

exists,

the fissure being completed by the direct junction of the maxillary and sphenoid
bones, or by the interposition of a small Wormian bone in the angular interval
between them. On the uj^j^er surface of the orbital process are seen the orifices
of one or two temporo-malar canals
one of these usually opens on the posterior
surface, the other (occasionally two) on the facial surface they transmit filaments
;

:

Fig. 166.

— Left malar bone.

Outer

siu-face.

(temporo-malar) of the orbital
branch of the superior maxillary
nerve.
The maxillary process is
a rough, triangular surface which
articulates wnth the superior maxillary bone. The zygomatic process,
long, narrow, and serrated, articulates with the zygomatic process
Of the four
of the temporal bone.
the

borders,
orbital

is

antero-superior

smooth,

arched,

or

and

forms a considerable part of the
The
circumference of the orbit.
a ntero -inferior or maxillary border
is

rough, and bevelled at the ex-

pense of its inner table, to articulate
with the superior maxillary bone
affording attachment by its margin
to the Levator labii superioris proprius, just at its point of junction with the
superior maxillary.
The postero-superior or temporal border, curved like an
italic letter /, is continuous above with the commencement of the temporal ridge
below, with the upper border of the zygomatic arch
it affords attachment to
The 'j^ostero-inferior or zygomatic border is continuous with
the temporal fascia.
the low^er border of the zygomatic arch, affording attachment by its rough edge
to the Masseter muscle.
Development. The malar bone ossifies generally from two, but occasionally
;

;

:

—
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One, which forms the chief part of the bone, appears about

from three, centres.

the seventh week, near the orbital margin. The second appears somewhat later,
along the lower margin. The third, when it exists, is found in the hinder
The bone is sometimes, after birth, seen to be divided, by a horizonborder.

an upper and larger

tal suture, into

divided condition is probably due to
the persistent separation of the two

division,

and a lower and smaller.

Fig. 167.

-Left

malar bone.

This

Inner surface.

In some
quadrumana the malar bone consists
of two parts, an orbital and a malar,
which are ossified by separate centres.
With four bones
Articulations.
centres

of

ossification.

—

:

three of the cranium, frontal, sphenoid,
and temporal and one of the face,
;

the superior maxillary.
Attachment of Muscles.

— To four

:

the Levator labii superioris proprius,

Zygomaticus major and minor, and
Masseter.

The Palate Bones
The Palate Bones (palatum,

the

imlate) are situated at the back part of
the nasal fossae they are wedged in between the superior maxillary bones

and the
pterygoid processes of the sphenoid (fig. 168). Each bone assists in the formathe floor and outer wall of the nose, the roof of the mouth,
tion of three cavities
and the floor of the orbit and enters into the formation of two fossae the
:

:

;

:

FiCr. 168.

— Palate bone in
\\\

situ.

JfoLsooi pi^ocess

""'"

ppncnopalccUne
-for.

^

crest

\

fro cess
turhUtated
ln£. tiArhhnoLled,

\^-~rr^\

^

crest

-rn.vt>

IrJ.

Of est

SJH/fiA'

and one fissure, the spheno-maxillary. In
spheno-maxillary and pterygoid
form the palate-bone somewhat resembles the letter L, and may be divided into
an inferior or horizontal plate and a superior or vertical plate.
The Horizontal Plate is thick, of a quadrilateral form, and presents two
;

N

THE SKELETON

lyS

The superior surface, concave from side to side, forms
surfaces and four borders.
the back part of the floor of the nostril. The inferior surface, sHghtly concave
and rough, forms the back part of the hard palate. At its posterior part may be
seen a transverse ridge, more or less marked, for the attachment of part of the
aponeurosis of the Tensor palati muscle. At the outer extremity of this ridge is
a deep groove converted into a canal by its articulation with the tuberosity of the
superior maxillary bone, and forming the posterior palatine canal. Near this
groove, the orifices of one or two small canals, accessory posterior palatine, may
be seen. The anterior border is serrated, bevelled at the expense of its inferior
surface, and articulates with the palate process of the superior maxillary bone.
The posterior border is concave, free, and serves for the attachment of the soft
Its inner extremity is sharp and pointed, and, when united with the
palate.
forms a projecting process, the posterior nasal spine, for the
attachment of the Azygos uvulas. The external border is united with the lower
The internal border, the
part of the perpendicular plate almost at right angles.
opposite bone,

thickest,
Fig. 169.—Left palate bone.

inid

Internal view.

(Enlarged.)

is

serrated

of the opposite

I-ioc,

superior edge
Maxillary surface

is

side

;

its

raised into

a ridge, which, united with
the opposite bone, forms
a crest in

Superior meatus
is

Spheno-iialatine for.

for

articulation with its fellow

which the vomer

received.

The Vertical Plate
169)

is thin, of

(fig.

an oblong

and directed upwards and a little inwards.
It presents two surfaces,
an external and an internal, and four borders.
form,

Maxillary
jirocess

The internal surface
presents at its lower part
a broad, shallow depreswhich forms part of
the inferior meatus of the
nose. Immediately above
sion,

HOKIZONTAI. P],ATE

this is a well-marked, hori-

zontal ridge, the inferior turbinated crest, for articulation %vith the inferior turbinated bone above this, a second broad, shallow depression, which forms part
of the middle meatus, surmounted above by a horizontal ridge less prominent
;

inferior, the superior turbinated crest, for articulation with the middle
turbinated bone. Above the superior turbinated crest is a narrow, horizontal
groove, which forms part of the superior meatus.
The external surface is rough and irregular throughout the greater part of its
extent, for articulation with the inner surface of the superior maxillary bone,

than the

upper and back part being smooth where it enters into the formation of the
spheno-maxillary fossa it is also smooth in front, where it covers the orifice
Towards the back part of this surface is a deep groove, converted
of the antrum.
into a canal, the 'posterior palatine, by its articulation with the superior maxillary
bone. It transmits the posterior or descending palatine vessels, and one of the
descending palatine branches from Meckel's ganglion.
The anterior border is thin, irregular, and presents, opposite the inferior turbinated crest, a pointed, projecting lamina, the maxillary process, which is
directed forwards, and closes in the lower and back part of the opening of the
antrum. The posterior border (fig. 170) presents a deep groove, the edges of
which are serrated for articulation with the pterygoid process of the sphenoid.
At the lower part of this border is seen a pyramidal process of bone, the pterygoid
its

;

;

.
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process or tuberosity of the palate, which is received into the angular interval
between the two pterygoid plates of the sphenoid at their inferior extremity.

This process presents at its back part a median groove and two lateral surfaces.
is smooth, and forms part of the pterygoid fossa affording attachment
to the Internal pterygoid muscle

The gToove

;

whilst

the

lateral

surfaces

are

rough and uneven,
with the anterior border of each
pterygoid plate. A few fibres of
the Superior constrictor arise from
for articulation

Fig. 170.

-Left palate bone.
(Enlarged.)

the tuberosity of the palate-bone.
The base of this process, con-

Posterior view.

^Spheno-pa latine

foramen
tinuous with the horizontal portion of the bone, presents the
Sphenoidal process
AHiculdr portion
apertures of the accessory descending palatine canals, through which
Non-articular
portion
pass the two smaller descending
EXTERNAL SURFACE
branches of Meckel's ganglion
whilst its outer surface is rough
for articulation with the inner surface of the body of the superior
maxillary bone.
Posterior
The superior border of the vertinasal
cal plate presents two well-marked
spine
processes separated by an intervening notch or foramen.
The
anterior, or larger, is called the orbital process
the posterior, the sphenoidal.
The Orbital Process, directed upwards and outwards, is placed on a higher level
than the sphenoidal. It presents five surfaces, which enclose a hollow cellular
cavity, and is connected to the perpendicular plate by a narrow, constricted neck.
Of these five surfaces, three are articular, two non-articular or free surfaces.
The three articular are the anterior or maxillary surface, which is directed forwards, outwards, and downwards, is of an oblong form, and rou.gh for
articulation with the superior maxillary bone.
The posterior or sphenoidal
surface is directed backwards, upwards, and inwards.
It ordinarily presents a
small, open cell, which communicates with the sphenoidal cells, and the margins
of which are serrated for articulation with the vertical part of the sphenoidal
turbinated bone. The internal or ethmoidal surface is directed inwards, upwards,
and forwards, and articulates with the lateral mass of the ethmoid bone. In
some cases, the cellular cavity above mentioned opens on this surface of the
bone it then communicates with the posterior ethmoidal cells. More rarely it
opens on both surfaces, and then communicates both with the posterior
ethmoidal and the sphenoidal cells. The non-articular or free surfaces ai'e the
superior or orbital, directed upwards and outwards, of triangular form, concave,
smooth, and forming the back part of the floor of the orbit and the external or
zygomatic surface, directed outwards, backwards, and downwards, of an oblong
form, smooth, lying in the spheno-maxillary fossa, and looking into the
zygomatic fossa. The latter surface is separated from the orbital by a smooth,
rounded border, which enters into the formation of the spheno-maxillary
,

;

;

;

fissure.

The Sphenoidal Process of the palate-bone is a thin, compressed plate, much
smaller than the orbital, and directed upwards and inwards. It presents three
surfaces and two borders.
The superior surface, the smallest of the three, articulates with the under surface of the sphenoidal turbinated bone
it presents a
groove, which contributes to the formation of the pterygo-palatine canal.
The
internal surface is concave, and forms part of the outer wall of the nasal fossa.
;

The

external surface

is

divided into an articular and non-articular portion

N

2

:

the
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former

rough, for articulation with the inner surface of the internal pterygoid
the latter is smooth, and forms part of the sphenomaxillary fossa. The anterior border forms the posterior boundary of the
spheno-palatine foramen. The j^osterior border, serrated at the expense of the
outer table, articulates with the inner surface of the internal pterygoid plate.
The orbital and sphenoidal processes are separated from one another by a
is

plate of the sphenoid

;

deep notch, which is converted into a foramen, the sj^heno-jjalatine, by articulation with the sphenoidal turbinated bone.
Sometimes the two processes are
united above, and form between them a complete foramen, or the notch is crossed
by one or more spiculse of bone, so as to form, tw^o or more foramina. In the
a];ticulated skull, this foramen opens into the back part of the outer wall of the
superior meatus, and transmits the spheno-palatine vessels and the superior
nasal and naso-palatine nerves.
Development. -From a single centre, which makes its appearance about the
second month at the angle of junction of the two plates of the bone. From this
point ossification spreads inwards to the horizontal plate, downwards into the
tuberosity, and upwards into the vertical plate.
In the foetus, the horizontal
plate is much longer than the vertical and even after it is fully ossified, the
whole bone is at first remarkable for its shortness.
Articulations.
With six bones the sphenoid, ethmoid, superior maxillary,
inferior turbinated, vomer, and opposite palate.
Attachment of Muscles. ^To four the Tensor palati, Azygos uvulae. Internal
pterygoid, and Superior constrictor of the pharynx.

—

;

—

:

—

:

The Inferior Turbinated Bones
The

Inferior Turbinated Bones (turbo, a tvhirl) are situated one on each side

of the outer wall of the nasal fossae.

Each

Fig. 171.— Inferior turbinated bone and
hone in situ.

Lachrymal

consists of a layer of thin, spongy

bone, curled upon
scroll

— hence

its

itself like

name

'

a

turbi-

nated '— and extends horizontally along the outer wall of the
nasal fossa, immediately below
the orifice of the antrum (fig.
Each bone presents two
171).
surfaces, two borders, and two
extremities.

The
172)

is

internal surface (fig.
convex, perforated by

numerous

apertures,

and

tra-

versed by longitudinal grooves
and canals for the lodgment of
In the
arteries and veins.
recent state it is covered by the
lining membrane of the nose.
The external surface is concave
(fig. 173), and forms part of the
meatus.
Its
iipper
inferior
border

is

thin,

and

irregular,

connected to various bones along
the outer wall of the nose. It
may be divided into three porof these, the anterior
tions
the
articulates with the inferior turbinated crest of the superior maxillary bone
the middle portion
posterior with the inferior turbinated crest of the palate-bone
;

;

;

of the superior

their

size

border presents three well-marked processes, w^iich vary much in
Of these, the anterior and smallest is situated at the

and form.
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junction of the anterior fourth with the posterior three-fourths of the bone it
small and pointed, and is called the lachrymal process it articulates, by its
apex, with the anterior inferior angle of the lachrymal bone, and, by its margins,
:

is

;

with the groove on the back of the nasal process of the superior maxillary,
and thus assists in forming the canal for the nasal duct. At the junction of
the two middle fourths of the bone, but encroaching on its posterior fourth,
a broad, thin plate, the ethmoidal 'process, ascends to join the unciform process of the ethmoid from the lower border of this process a thin lamina of bone
curves downwards and outwards, hooking over the lower edge of the orifice of
the antrum, which it narrows below it is called the maxillary process, and fixes
the bone firmly on to the outer wall of the nasal fossa.
The inferior border is
;

:

free, thick, and cellular in structure, more especially in the middle of the bone.
Both extremities are more or less narrow and pointed, the posterior being the
more tapering. If the bone is held so that its outer concave surface is directed
backwards (i.e. towards the holder), and its superior border, from which the

Fig. 172.

— Right inferior turbinated bone.

Fig.

Internal surface.

1

72>-

—Eight inferior turbinated

bone.

External surface.

lachrymal and ethmoidal processes project, upwards, the lachrymal process will
be directed to the side to which the bone belongs.*

—
—

Development. By a single centre, which makes its appearance about the
middle of foetal life.
Articulations.
With four bones one of the cranium, the ethmoid, and three
of the face, the superior maxillary, lachrymal, and palate.
No muscles are attached to this bone.
:

The Vobiee
The Vomer (vomer, a ploughshare) is a single bone, situated vertically at the
back part of the nasal fossas, forming part of the septum of the nose (fig. 174).
It is thin, somewhat like a ploughshare in. form
but it varies in different individuals, being frequently bent to one or the other side
it presents for examination two surfaces and four borders.
The lateral surfaces are smooth, marked by
small furrows for the lodgment of blood-vessels, and by a groove on each side,
sometimes a canal, the naso-palatine, which runs obliquely downwards and
forwards to the intermaxillary suture
nerve.
it transmits the naso-palatine
The superior border, the thickest, presents a deep groove, bounded on each side
by a horizontal projecting ala of bone; the groove receives the rostrum of the
sphenoid, whilst the alae are overlapped and retained by laminae (the vaginal processes) which project from the under surface of the body of the sphenoid at the
base of the pterygoid processes. At the front of the groove a fissure is left for
the transmission of blood-vessels to the substance of the bone.
The inferior
border, the longest, is broad and uneven -in front, where it articulates with the
two superior maxillary bones thin and sharp behind, where it joins with the
;

;

;

;

palate-bones.

The upper

half of the anterior border usually consists of

two

If the lachrymal process is broken off, as is often the case, the side to which the
bone belongs may be known by recollecting that the maxillary process is nearer the back
than the front of the bone.
*
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lamiiia3

between which

of bone,

is

received

perpendiculai-

tiie

plate

of

the

the lower half, also separated into two lamellae, receives between them
the lower margin of the triangular cartilage of the nose. The j^osterior border is

ethmoid

;

Fig. 174.

—Yonier in situ.

Spc^e fur
trian^ulai
CCtrtilaffe

free,

of

concave, and separates the nasal fossae behind.

It is thick

and

bifid above,

thin below.

The surfaces of the vomer are covered by mucous membrane, which is intimately connected with the periosteum, with the intervention of very little, if any,
submucous connective tissue.

Hence polypi are rarely found
growing from this surface,
though they frequently grow
from the outer wall of the
nasal fossae, where the submucous tissue is abundant.
Development. The vomer
at an early period consists
of two lamina, separated by

—

a very considerable interval,

'

'^^sA S.

and enclosing between them
a plate of cartilage, which is
prolonged forwards to form
the remainder of the septum.
Ossification

by a single centre about the eighth week.

From

commences

in

it

nucleus the two laminae
They begin to coalesce at the lower part, but their union is not
this

are formed.
complete until after puberty.

—

Articulations.
With six bones two of the cranium, the sphenoid and ethmoid and four of the face, the two superior maxillary and the two palate-bones
and with the cartilage of the septum.
The vomer has no muscles attached to it.
;

:

;
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The Infeeioe Maxillary Bone
The

Inferior Maxillary

Bone

(the Mandible), the largest

and strongest bone

lower teeth. It consists of a curved,
horizontal portion, the body, and two perpendicular portions, the 7'ami, which join
the back part of the body nearly at right angles.
The Horizontal Portion, or Body (fig. 176), is convex in its general outline, and
curved somewhat like a horse-shoe. It presents for examination two surfaces
and two borders. The external surface is convex from side to side, concave from
above downwards. In the median line is a vertical ridge, the symphysis, which
extends from the upper to the lower border of the bone, and indicates the point
of junction of the two pieces of which the bone is composed at an early period of
life.
The lower part of the ridge terminates in a prominent triangular eminence,
the mental process.
This eminence is rounded below, and often presents a
median depression separating two processes, the mental tiibercles. It forms the
chin, a feature peculiar to the human skull.
On either side of the symphysis,
of the face, serves for the reception of the

Fig. 176.

—Inferior masillarj^ bone.

Outer surface.

Side view.

Condyle

Goronoid jyTocess

Groove for facial artery

below the cavities for the incisor teeth, is a depression, the incisive fossa, for
the attachment of the Levator menti (or Levator labii inferioris)
more externally
is attached a portion of the Orbicularis oris (Accessorii Orbicularis inferioris), and,
just

;

more externally, a foramen, the mental foramen, for the passage of the
mental vessels and nerve. This foramen is placed just below the interval between
the two bicuspid teeth.
Running outwards from the base of the mental process
on each side is a ridge, the external oblique line. The ridge is at first nearly
horizontal, but afterwards inclines upwards and backwards, and is continuous
with the anterior border of the ramus it affords attachment to the Depressor
labii inferioris and Depressor anguli oris
below it the Platysma myoides is
still

:

;

attached.

The internal surface (fig. 177) is concave from side to side, convex from above
downwards. In the middle line is an indistinct linear depression, corresponding
to the symphysis externally
on either side of this depression, just below its
centre, are four prominent tubercles, placed in pairs, two above and two below
they are called the genial tubercles, and afford attachment, the upper pair to the
Genio-hyo-glossi muscles, the lower pair to the Genio-hyoidei muscles.
Some;

;

times the tubercles on. each side are blended into one, at others they

all

unite into

1
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an irregular eminence, or again, nothing but an irregularity may be seen on the
On either side of the genial tubercles is an oval
surface of the bone at this part.
and beneath
depression, the suhlingual fossa, for lodging the sublingual gland
the fossa, a rough depression on each side, which gives attachment to the anterior
;

At the back part of the sublingual fossa, the
belly of the Digastric muscle.
internal oblique line {mylo-hyoidean) commences it is at first faintly marked,
but becomes more distinct as it passes upvs^ards and outwards, and is especially
prominent opposite the last two molar teeth it affords attachment throughout
;

;

whole extent to the Mylo-hyoid muscle the Superior constrictor of the
pharynx with the pterygo-maxillary ligament, being attached above its posterior
The portion of bone above this ridge is
extremity, near the alveolar margin.
smooth, and covered by the mucous membrane of the mouth the portion below
presents an oblong depression, the szt&maici//ar?//ossa, wider behind than in front,
The external oblique line and the
for the lodgment of the submaxillary gland.
internal or mylo-hyoidean line divide the body of the bone into a superior or
alveolar and an inferior or basilar portion.
its

:

;

Fig. 177.

— Inferior maxillary bone.

Inner surface.

Side view.

Articulation with temporal

Genio-hyo-glossus

Genio-hyoideus

Mylo-hyoid ridge

The

is wider, and its margins thicker, behind than
hollowed into numerous cavities, for the reception of the teeth
these cavities are sixteen in number, and vary in depth and size according to the
To its outer side, the Buccinator muscle is attached
teeth which they contain.
The inferior border is rounded, longer
as far forward as the first molar tooth.
than the superior and thicker in front than behind it presents a shallow groove,
just where the body joins the ramus, over which the facial artery turns.
The Perpendicular Portions, or Eami, are of a quadrilateral form. Each preThe
sents for examination two surfaces, four borders, and two processes.
external surface is flat, marked with ridges, and gives attachment throughout
nearly the whole of its extent to the Masseter muscle. The internal surface presents about its centre the oblique aperture of the inferior dental canal, for the
passage of the inferior dental vessels and nerve. The margin of this opening is
irregular
it presents in front a prominent ridge, surmounted by a sharp spine,
the lingiila, which gives attachment to the internal lateral ligament of the lower
jaw, and at its lower and back part a notch leading to' a groove, the mylo-hyoidean, which runs obliquely downwards to the back part of the submaxillary fossa,

superior or alveolar border

in front.

It is

;

;

;
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Behind the groove is a rough
The inferior dental
canal runs obliquely downwards and forwards in the substance of the ramus, and
then horizontally forwards in the body it is here placed under the alveoli, with
which it communicates by small openings. On arriving at the incisor teeth, it
turns back to communicate with the mental foramen, giving off two small canals,
which run forward, to be lost in the cancellous tissue of the bone beneath the
and lodges the mylo-hyoid vessels and nerve.

surface, for the insertion of the Internal pterygoid muscle.

;

This canal, in the posterior two-thirds of the bone, is situated
nearer the internal surface of the jaw and in the anterior third, nearer its
external surface.
Its walls are composed of compact tissue at either extremity,
and of cancellous in the centre. It contains the inferior dental vessels and nerve,
incisor teeth.

;

from which branches are distributed to the teeth through small apertures at the
bases of the alveoH. The lotver border of the ramus is thick, straight, and continuous with the body of the bone. At its junction with the posterior border is
the angle of the jaw, which is either inverted or everted, and marked by rough,
oblique ridges on each side, for the attachment of the Masseter externally, and
the Internal pterygoid internally the stylo -maxillary ligament is attached to the
;

bone between these muscles. The anterior border is thin above, thicker below,
and continuous with the external oblique line. The posterior border is thick,
smooth, rounded, and covered by the parotid gland. The upper border of the
ramus is thin, and presents two processes, separated by a deep concavity, the
sigmoid notch. Of these processes, the anterior is the coronoid, the posterior the
condyloid.

The Coronoid Process is a thin, flattened triangular eminence of bone, which
and size in different subjects, and serves chiefly for the attachment
of the Temporal muscle.
Its external surface is smooth, and affords attachment
to the Temporal muscle.
Its internal surface gives attachment to the Temporal
muscle, and presents the commencement of a longitudinal ridge, which is continued

varies in shape

to the posterior part of the alveolar process.

On

the outer side of this ridge

is

a

deep groove, continued below on the outer side of the alveolar process; this ridge
and part of the groove afford attachment, above, to the Temporal below, to the
Buccinator muscle.
The Condyloid Process, shorter but thicker than the coronoid, consists of two
portions the condyle, and the constricted portion which supports the condyle,
the neck.
The condyle is of an oblong form, its long axis being transverse, and
set obliquely on the neck in such a manner that its outer end is a little more
forward and a little higher than its inner. It is convex from before backwards,
and from side to side,, the articular surface extending further on the posterior
than on the anterior aspect. At its outer extremity is a small tubercle for the
attachment of the external lateral ligament of the temporo-maxillary joint. The
neck of the condyle is flattened from before backwards, and strengthened by
ridges which descend from the fore part and sides of the condyle.
Its lateral
margins are narrow, and present externally a tubercle for the external lateral
hgament. Its posterior surface is convex its anterior is hollowed out on its
inner side' by a depression (the pterygoid fossa) for the attachment of the External
;

:

;

pterygoid.

The Sigmoid Notch, separating the two processes, is a deep semilunar deprescrossed by the masseteric vessels and nerve.
Development. The lower jaw is developed principally from membrane, but
partly from cartilage.
The process of ossification commences early earlier than
any other bone except the clavicle. Between the fifth and sixth week a centre
sion,

—

—

appears in the membrane on the outer surface of Meckel's cartilage
page 93), from which the greater part of the bone is formed. A second
centre appears in the membrane on the inner surface of the tooth sockets, from
which the inner wall of the sockets of the teeth is formed this terminates above
in the lingula.
The anterior extremity of Meckel's cartilage becomes ossified,
forming the body of the bone on each side of the symphysis. x\nd, finally, two
of ossification
(see

;
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Side

View of the Lowee Jaw at Different Periods of Life
Fig.

Fig.

Fig.

1

1

1

78.— x\t

79.

birth.

—At puberty,

80.— In the

Fig. 181.

adult.

— In old age.
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supplemental patches of cartilage appear at the condyle and at the angle, in
which centres of ossification ior these parts appear. At birth the bone consists
of two halves, united by a fibrous symphysis, in which ossification takes place
during the

first

year.

—

With the glenoid fossae of the two temporal bones.
Attachment of Muscles. To fifteen pairs; to its external surface, commencing
Levator menti. Depressor labii inat the symphysis, and proceeding backwards
ferioris, Depressor anguli oris, Platysma myoides, Buccinator, Masseter; a portion
Articulation.

—

:

of the Orbicularis oris (Accessorii Orbicularis inferioris) is also

To

surface.

its

internal surface,

commencing

at the

attached to this
Genio-hyo-

same point

:

glossus, Genio-hyoideus, Mylo-hyoideus, Digastric, Superior constrictor, Temporal,

Internal pterygoid. External pterygoid.

Changes produced

in

the Lower Jaw by Age

The changes which the Lower Jaw undergoes after birth, relate (i) to the alterations
body of the bone by the first and second dentitions, the loss of the teeth in
the aged, and the subseqiient absorption of the alveoli
(2) to the size and situation of the
dental canal and (3) to the angle at which the ramas joins with the body.
At birth (tig. 178), the bone consists of lateral halves, united bj' fibrous tissue. The
body is a mere sheU of bone, containing tlie sockets of the two incisor, the canine, and the
two temporary molar teeth, imperfectly partitioned from one another. The dental canal
is of large size, and runs near the lower border of the bone, the mental foramen opening
beneath the socket of the first molar. The angle is obtuse (175°), and the condyloid portion
nearly in the same horizontal line with the body the neck of the condyle is short, and
bent backwards. The coronoid process is of comparatively large size, and situated at right
effected in the

;

;

;

angles with the rest of the bone.
After hirtli (fig. 179), the two segments of the bone become joined at the symphysis,
from below upwards, in the first year but a trace of separation maj' be visible in the
beginning of the second year, near the alveolar margin. The body becomes elongated in
its whole length, but more especially behind the mental foramen, to provide space for the
three additional teeth developed in this part.
The depth of the body becomes greater,
owing to increased growth of the alveolar part, to afford room for the fangs of the teeth,
and by thickening of the subdental portion which enables the jaw to withstand the powerful action of the masticatory nuiscles
but the alveolar portion is the deeper of the two
and, consequently, the chief part of the body lies above the oblique line.
The dental canal,
after the second dentition, is situated just above the level of the mylo-hyoid ridge
and
the mental foramen occupies the position usual to it in the adult.
The angle becomes less
obtuse, owing to the separation of the jaws by the teeth.
(About the foiu'th year it is 140°.)
In the adult (fig. 180), the alveolar and basilar portions of the body are usually of
equal depth. The mental foramen opens midway between the upper and lower border of
the bone, and the dental canal runs nearly parallel with the mylo-hyoid line. The ramus
is almost vertical in direction, and joins the body nearty at right angles.
In old age (fig. 181 j, the bone becomes greatly reduced in size for with the loss of the
teeth the alveolar process is absorbed, and the basilar part of the bone alone remains
consequently, the chief part of the bone is below the oblique line. The dental canal,
with the mental foramen opening from it, is close to the alveolar border. The rami are
obHque in direction, the angle obtuse, and the neck of the condjde more or less bent
;

;

;

:

;

backwards.

THE SUTUEES
of the cranium and face are connected to each other by means of
That is, the articulating surfaces or edges of the bones are more or less
roughened or uneven, and are closely adapted to each other, a small amount of

The bones

Sutures.

intervening fibrous tissue fastening them together. The Cranial Sutures may be
divided into three sets
i. Those at the vertex of the skull.
2. Those at the side
:

of the skull.

3.

The sutures

Those

at the base.

at the vertex of the skull are three

:

the sagittal, coronal, and

lambcloid.

The

is formed by the junction of the two
and extends from the middle of the frontal bone, backwards to
the superior angle of the occipital.
In childhood, and occasionally in the adult,
when the two halves of the frontal bone are not united, it is continued forwards

Sagittal Suture {interparietal)

parietal bones,

1
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to the root of the nose.

sometimes perforated, near its posterior
and in front, where it joins the coronal
which encloses a large Wormian bone.

This suture

extremity, by the parietal foramen
suture, a space

is

occasionally

left,

is

;

The Coronal Suture {fronto-parietal) extends transversely across the vertex of
the skull, and connects the frontal with the parietal bones. It commences at the
extremity of the greater wing of the sphenoid on one side, and terminates at the
same point on the opposite side. The dentations of the suture are more marked
than at the summit, and are so constructed that the frontal rests- on
the parietal above, whilst laterally the frontal supports the parietal.
The Lambdoid Suture {occipito-parietaT), so called from its resemblance to the
Greek letter A, connects the occipital with the parietal bones. It commences on
each side at the mastoid portion of the temporal bone, and inchnes upwards to
the end of the sagittal suture.
The dentations of this suture are very deep and
at the sides

and are often interrupted by several small Wormian bones.
at the side of the skull extend from the external angular process
of the fr-ontal bone to the lower end of the lambdoid suture behind. The anterior
portion is formed between the lateral part of the frontal bone above and the malar
and great wing of the sphenoid below, forming the fronto-malar and frontosphenoidal sutures. These sutures can also be seen in the orbit, and form part of
the so-called transverse facial suture. The posterior portion is formed between
the parietal bone above and the great wing of the sphenoid, the squamous and
mastoid portions of the temporal bone, forming the spheno-parietal, sqiiamoparietal, and masto-parietal sutures.
The Spheno-parietal is very short; it is formed by the tip of the great wing of
the sphenoid, which overlaps the anterior inferior angle of the parietal bone.
The Squamo-parietal, or Squamous Suture, is arched. It is formed by the
squamous portion of the temporal bone overlapping the middle division of the
distinct,

The sutures

lower border of the parietal.

The Masto-parietal

is

a short suture, deeply dentated, formed by the posterior
and the superior border of the mastoid portion of

inferior angle of the parietal,

the temporal.

The sutures

at the

base of the skuU are, the basilar in the centre, and on each
and the squamo-

side, the petro-occipital, the masto-occipital, the petro-sphenoidal,

spJicnoidal.

The Basilar Suture

is formed b}'' the junction of the basilar surface of the
bone with the posterior surface of the body of the sphenoid. At an eai^ly
period of life a thin plate of cartilage exists between these bones but in the adult

occipital

;

they become fused into one. Between the outer extremity of the basilar suture
and the termination of the lambdoid, an irregular suture exists, which is subdivided
into two portions. The inner portion, formed by the union of the petrous part of
the temporal with the occipital bone, is termed the petro-occipital.
The outer
portion, formed by the junction of the mastoid part of the temporal with the
occipital, is called the masto-occipital.
Between the bones forming the petrooccipital suture, a thin plate of cartilage exists

;

in the masto-occipital

sionally found the opening of the mastoid foramen.
of the basilar suture

is

occa-

Between the outer extremity

and the spheno-parietal, an irregular suture may be

seen,

sphenoid with the temporal bone. The inner and
smaller portion of this suture is termed the petro-sphenoidal; it is formed between
the petrous portion of the temporal and the great wing of the sphenoid the outer

formed by the union

of the

:

and arched, is formed between the squamous portion
the temporal and the great wing of the sphenoid it is called the squamo-

portion, of greater length,
of

;

sphenoidal.

The cranial bones are connected with those of the face, and the facial bones
with each other, by numerous sutures, which, though distinctly marked, have
received no special names. The only remaining suture deserving especial consideration is the transverse.
This extends across the upper part of the face, and
is formed by the junction of the frontal with the facial bones; it extends from the

;
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external angular process of one side to the same point on the opposite side, and
connects the frontal with the malar, the sphenoid, the ethmoid, the lachrymal,
the superior maxillary, and the nasal bones on each side.
The sutures remain separate for a considerable period after the complete
formation of the skull. It is probable that they serve the purpose of permitting
the gi'owth of the bones at their margins while thek' peculiar formation, together
with the interposition of the sutural ligament between the bones forming them,
prevents the dispersion of blows or jars received upon the skuU. Humphry
remarks that, as a general rule, the sutures are first obliterated at the parts in
which the ossification of the skull was last completed viz. in the neighbourhood
of the fontanelles and the cranial bones seem in this respect to observe a similar
law to that which regulates the union of the epiphyses to the shafts of the long
The same author remarks that the time of their disappearance is
bones.'
extremely variable they are sometimes found well marked in skulls edentulous
with age, while in others which have only just reached maturity they can hardly
;

'

—

;

:

be traced.

THE SKULL AS A WHOLE
of the several cranial and facial bones already
considered as a whole, is divisible into five regions a superior
region or vertex, an inferior region or base, two lateral regions, and an anterior

The

Skull,

described,

formed by the union

when

:

region, the face.

Vertex of the Skull
The Superior Region,

or Vertex, presents

two surfaces, an external and an

internal.

The external

surface is bounded, in front, by the glabella and supra-orbital
behind, by the occipital protuberance and superior curved lines of the
occipital bone
laterally, by an imaginary line extending from the outer end of
the superior curved line, along the temporal ridge, to the external angular process
of the frontal.
This surface includes the vertical portion of the frontal, the
greater part of the parietal, and the superior third of the occipital bone
it is
ridges

;

;

;

smooth, convex, of an elongated oval form, crossed transversely by the coronal
suture, and from before backwards by the sagittal, which terminates behind in
the lambdoid.
The point of junction of the coronal and sagittal sutures is named
the brecpna, and is represented by a line drawn vertically upwards from the
external auditory meatus, the head being in its normal position.
The point of
juhction of the; sagittal and lambdoid sutures is called the lambda, and is about
From before backwards
2| inches above the external occipital protuberance.
may be seen the frontal eminences and remains of the suture connecting the
two lateral halves of the frontal bone on each side of the sagittal suture are
the parietal foramen and parietal eminence, and still more posterior^ the convex
surface of the ocfcipital bone.
In the neighbourhood of the parietal foramen the
skull is often flattened, and to this region the name of ohelion is sometimes
>

;

given.

The internal surface is concave, presents eminences and depressions for the
convolutions of the cerebrum, and numerous furrows for the lodgment of
branches of the meningeal arteries. Along the middle line of this surface is a
narrow in front, where it commences at the frontal crest
where it lodges the superior longitudinal sinus, and by its
margin affords attachment to the falx cerebri- On either side of it are several
depressions for the Pacchionian bodies, and at its back part, the internal
openings of the parieA foramina.
This surface is crossed, in front, by
the coronal suture
behind by the
frc^fbefore backwards, by the sagittal
longitudinal groove,
but broader behind,

;

lambdoid.

;
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Base of the Skull
The

Inferior Region, or Base of the Skull, presents

two surfaces— an internal

or cerebral, and an external or basilar.

— Base of the

Fig. 182.

skull.

Inner or cerebral surface.

Groove for super, longitiulinal sinus
Grooves for anter. meningeal artery
Foramen ccecum
Crista galli
for nasal nerve
Groove for nasal nerveSlit

Anterior ethmoidal foramen

Orifices for olfactory nerves

Posterior ethmoidal

foramen

Ethmoidal spine

Olfactory grooves

Optic foramen
Optic groove
Olivary process
Anterior clinoid process

Middle clinoid process
Posterior clinoid process

Groove for 6th nerve

Foramen lacerum viedium
Orifice of carotid canal
Depression for Gasserian ganglion

Meatus

a uditorius intcrnus

Slit for dura mater
Superior petrosal groove
Foravien lacerum poster ins
Anterior condyloid foramen

A q uceductus

vestib uli

Posterior condyloid foramen

Mastoid foramen
Posterior meningeal grooves

The

internal or cerebral surface

(fig.

182) presj

and posterior fossae of the cranium.
The Anterior Fossa is formed by the orbital plates!

three fossae, called the

anterior, middle,

|e frontal,

the cribriform.

;
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plate of the ethmoid, the anterior third of the superior surface of the body, and
It is the most elevated
the upper surface of the lesser wings of the sphenoid.

convex externally where it corresponds to the roof of the
concave in the median line in the situation of the cribriform plate of the

of the three fossae,
orbit,

It is traversed by three sutures, the ethmo-frontal) ethmo-sphenoidal,
and fronto-splienoidal and lodges the frontal lobes of the cerebrum. It presents,
in the median line, from before backwards, the commencement of the groove for
the superior longitudinal sinus, and the frontal crest for the attachment of the
the foramen cczcmn, an aperture formed between the frontal bone
falx cerebri
and the crista galli of the ethmoid, which, if pervious, transmits a small vein
from the nose to the superior longitudinal sinus; behind the foramen caecum,
the crista galli, the posterior margin of which affords attachment to the falx
on either side of the crista galli, the olfactory groove, which supports
cerebri
the bulb of the olfactory tract, and presents three rows of foramina for its filaments, and in front a slit-like opening for the nasal branch of the ophthalmic
On the outer side of each olfactory groove are the
division of the fifth nerve.
internal openings of the anterior and posterior ethmoidal foramina the formei',
situated about the middle of the outer margin of the olfactory groove, transmits
the anterior ethmoidal vessels and the nasal nerve, which latter runs in a
depression along the surface of the ethmoid, to the slit-like opening above
mentioned whilst the posterior ethmoidal foramen opens at the back part of
this margin under cover of the projecting lamina of the sphenoid, and transmits
Further back in the middle line is the ethmoidal
the posterior ethmoidal vessels.
spine, bounded behind by an elevated ridge, separating two longitudinal grooves
which support the olfactory tracts. Behind this is a transverse sharp ridge,
running outwards on either side to the anterior margin of the optic foramen, and
separating the anterior from the middle fossa of the base of the skull. The
anterior fossa presents, laterally, eminences and depressions for the convolutions of the brain, and grooves for the lodgment of the anterior meningeal

ethmoid.

;

;

;

;

;

arteries.

The Middle Fossa, deeper than the preceding, is narrow in the middle line, but
becomes wider at the side of the skull. It is bounded in front by the posterior
margin of the lesser wing of the sphenoid, the anterior clinoid process, and the
ridge forming the anterior margin of the optic groove behind, by the superior
border of the petrous portion of the temporal, and the dorsum ephippii
-externally by the squamous portion 6f the temporal, anterior inferior angle of
It is traversed by four
the parietal bone, and greater wing of the sphenoid.
sutures, the squamo-parietal, spheno-parietal, squamo-sphenoidal, and petro;

sphenoidal.

from before backwards, is the optic groove, which supports
and terminates on each side in the optic foramen, for the
passage of the optic nerve and ophthalmic artery behind the optic groove is the
olivary process, and laterally the anterior clinoid processes, to which are attached
processes of the tentorium cerebelli. Further back is the sella turcica, a deep
depression, which lodges the pituitary gland, bounded in front by a small eminence on either sicle, the middle clinoid process, and behind by a broad square
plate of bone, the dorsum ephippii, surmounted at each superior angle by a
tubercle, the piosterior clinoid pjxocess
beneath the latter process is a notch, for
the sixth nerve.
On each side of the sella turcica is the cavernous groove it is
broad, shallow, and curved somewhat like the italic letter /
it commences
behind at the foramen lacerum medium, and terminates on the inner side
of the anterior clinoid process, and presents along its outer margin a ridge of
bone. This groove lodges the cavernous sinus, the internal carotid artery, and
the nerves of the orbit.
The sides of the middle fossa are of considerable depth
they present eminences and depressions for the convolutions of the brain, and
grooves for the branches of the middle meningeal artery the latter commence
on the outer side of the foramen spinosum, and consist of two large branches.
In the middle

line,

the optic commissure,

;

;

:

;

;

;
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the former passing upwards and forwards to the
upwards and backwards. The following foramina may also be seen from before backwards. Most
anteriorly is the foramen lacerum anterius, or siJhenoidal fissure, formed above by
the lesser wing of the sphenoid below, by the greater wing internally, by the
body of the sphenoid and sometimes completed externally by the orbital plate
It transmits the third, the fourth, the three branches of the
of the frontal bone.

an anterior and a posterior

;

anterior inferior angle of the parietal bone, the latter passing

;

;

;

ophthalmic division of the fifth, the sixth nerve, some filaments from the cavernous plexus of the sympathetic, the orbital branch of the middle meningeal artery,
a recurrent branch from the lachrymal artery to the dura mater, and the ophthalmic vein. Behind the inner extremity of the sphenoidal fissure is the foramen
rotundum, for the passage of the second division of the fifth or superior maxillary
still more posteriorly is seen a small orifice, the foramen
nerve
Vesalii, an
opening situated between the foramen rotundum and ovale, a little internal to
both it varies in size in different individuals, and is often absent when present,
It opens below into the pterygoid fossa, just at the
it transmits a small vein.
outer side of the scaphoid depression. Behind and external to the latter opening
;

;

:

the foramen ovale, which transmits the third division of the fifth or inferior
maxillary nerve, the small meningeal artery, and the small petrosal nerve.* On
the outer side of the foramen ovale is the foramen sjnnosum, for the passage of
the middle meningeal artery and on the inner side of the foramen ovale, the
foramen lacerum medium. The lower part of this aperture is filled up with cartiThe Vidian nerve and a meningeal branch from the
lage in the recent state.
ascending pharyngeal artery pierce this cartilage. On the anterior surface of
the petrous portion of the temporal bone is seen, from without inwards, the
eminence caused by the projection of the superior semicircular canal in front
of and a little outside this a depression corresponding to the roof of the tympanum
the groove leading to the hiatus Fallopii, for the transmission of the petrosal
branch of the Vidian nerve and the petrosal branch of the middle meningeal
artery
beneath it, the smaller groove, for the passage of the lesser petrosal
nerve and, near the apex of the bone, the depression for the Gasserian ganglion
and the orifice of the carotid canal, for the passage of the internal carotid artery
and carotid plexus of nerves.
The Posterior Fossa, deeply concave, is the largest of the three, and situated
on a lower level than either of the preceding. It is formed by the posterior third
of the superior surface of the body of the sphenoid, by the occipital, the petrous
and mastoid portions of the temporal, and the posterior inferior angle of the
it is crossed by four sutures, the petro-occipital, the mastoparietal bone
and lodges the cerebellum, pons
occipital, the masto-parietal, and the basilar
It is separated from the middle fossa in the
Varolii, and medulla oblongata.
median line by the dorsum ephippii, and on each side by the superior border of
This border serves for the attachment
the petrous portion of the temporal bone.
of the tentorium cerebelli, is grooved for the superior petrosal sinus, and at its
inner extremity presents a notch, upon which rests the fifth nerve. The circumference of the fossa is bounded posteriorly by the grooves for the lateral sinuses. In
the centre of this fossa is the foramen magnum, bounded on either side by a rough
tubercle, which gives attachment to the odontoid or check ligaments and a little
above these are seen the internal openings of the anterior condyloid foramina,
through which pass the hypoglossal nerve and a meningeal branch from the
ascending pharyngeal artery. In front of the foramen magnum is a grooved surface, formed by the basilar process of the occipital bone and by the posterior third
of the superior surface of the body of the sphenoid, which supports the medulla
oblongata and pons Varolii, and articulates on each side with the petrous portion of
the temporal bone, forming the petro-occipital suture, the anterior half of which
is grooved for the inferior petrosal sinus, the posterior half being encroached
is

;

;

;

;

,

;

;

;

;

*

See footnote,

p. i6c.
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upon by the foramen lacerum posterius, or jitgular foramen. This foramen
presents three compartments through the anterior, passes the inferior petrosal
through the posterior, the lateral sinus and some meningeal branches
sinus
from the occipital and ascending pharyngeal arteries and through the middle,
:

;

;

and spinal accessory nerves. Above the
jugular foramen is the internal auditory meatus, for the facial and auditory nerves
and auditory artery behind and external to this is the slit-like opening leading
w^hilst between the two latter, and near the
into the aquaeductus vestibuli
superior border of the petrous portion, is a small, triangular depression which
lodges a process of the dura mater and occasionally transmits a small vein into
Behind the foramen magnum are the inferior occipital
the substance of the bone.
fosscB, which lodge the hemispheres of the cerebellum, separated from one
another by the internal occipital crest, which serves for the attachment of the
The posterior fossae are surmounted,
falx cerebelli, and lodges the occipital sinus.
above, by the deep transverse grooves for the lodgment of the lateral sinuses.
the giosso-pharyngeal, pneumo-gastric

;

;

These channels, in their passage outwards, groove the occipital bone, the
posterior inferior angle of the parietal, the mastoid portion of the temporal,

and terminate

and

back part of the jugular
foramen. Where this sinus grooves the mastoid portion of the temporal bone,
and, just previous to its
the orifice of the mastoid foramen may be seen
termination, it has opening into it the posterior condyloid foramen.
Neither
foramen is constant.
The External Surface of the Base of the Skull (fig. 183) is extremely irregular.
It is bounded in front by the incisor teeth in the upper jaw
behind, by the
superior curved lines of the occipital bone and laterally by the alveolar arch, the
lower border of the malar bone, the zygoma, and an imaginary line, extending
from the zygoma to the mastoid process and extremity of the superior curved line
of the occiput. It is formed by the palate processes of the superior maxillary and
palate bones, the vomer, the pterygoid processes, under surface of the great wing,
spinous processes and part of the body of the sphenoid, the under surface of the
squamous, mastoid, and petrous portions of the temporal, and the under surface
of the occipital bone.
The anterior part of the base of the skull is raised above
the level of the rest of this surface (when the skull is turned over for the purpose
of examination), surrounded by the alveolar process, which is thicker behind than
in front, and excavated by sixteen depressions for lodging the teeth of the upper
jaw, the cavities varying in depth and size according to the teeth they contain.
Immediately behind the incisor teeth is the anterior palatine fossa. At the bottom
of this fossa may usually be seen four apertures two placed laterally, the foramhia
of Stenson, which open above, one in the floor of each nostril, and transmit the
anterior branch of the posterior palatine vessels, and two in the median line in
the intermaxillary suture, the foramina of Scarpa, one in front of the other, the
anterior transmitting the left, and the posterior (the larger) the right, naso-palatine
nerve. These two latter canals are sometimes wanting, or they may join to form
a single one, or one of them may open into one of the lateral canals above referred
to.
The palatine vault is concave, uneven, perforated by numerous foramina,
marked by depressions for the palatine glands, and crossed by a crucial suture,
formed by the junction of the four bones of which it is composed. At the front
part of this surface, a delicate linear suture may frequently be seen, marking off
the pre-maxillary portion of the bone. One or two small foramina in the alveolar
margin behind the incisor teeth, occasionally seen in the adult, almost constantly in
young subjects, are called i\iQ incisive foramina; they transmit nerves and vessels
to the incisor teeth.
At each posterior angle of the hard palate is the posterior
palatine foramen, for the transmission of the posterior palatine vessels and large
descending palatine nerve and running forwards and inwards from it a groove, for
the same vessels and nerve. Behind the posterior palatine foramen is the tuberosity
of the palate-hone, perforated by one or more accessory posterior palatine canals,
and marked by the commencement of a ridge, which runs transversely inwards, and
the jugular process of the occipital,

at the

;

;

;

:

;

O
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serves for the attachment of the tendinous expansion of the Tensor palati muscle.
Projecting backwards from the centre of the posterior border of the hard palate is
the posterior nasal spine, for the attachment of the Azygos uvula3. Behind and
Fig.

183.

— Base of the

skull.

External surface.
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above the hard palate is the posterior aperture of the nares, divided into two parts
by the vomer, bounded above by the body of the sphenoid, below by the horizontal
plate of the palate-bone, and laterally by the pterygoid processes of the sphenoid.
Each aperture measures about an inch and a quarter in the vertical, and about
At the base of the vomer may be seen
half an inch in the transverse direction.
the expanded alse of this bone, receiving between them the rostrum of the sphenoid.
Near the lateral margins of the vomer, at the root of the pterygoid processes, are
The pterygoid process, which bounds the posterior
the pterycjo-palatine canals.
nares on each side, presents near its base the pterygoid or Vidian canal, for the
Vidian nerve and artery. Each process consists of two plates, which bifurcate at
the extremity to receive the tuberosity of the palate-bone, and are separated behind
by the pterygoid fossa, which lodges the Internal pterygoid muscle. The internal
plate is long and narrow, presenting on the outer side of its base the scaphoid fossa,
for the origin of the Tensor palati muscle, and at its extremity the hanmlar process,
around which the tendon of this muscle turns. The external pterygoid plate is
broad, forms the inner boundary of the zygomatic fossa, and affords attachment,
by its outer surface, to the External pterygoid muscle.
Behind the nasal fossae in the middle line is the basilar surface of the occipital
bone, presenting in its centre the pharyngeal spine for the attachment of the
Superior constrictor muscle of the pharynx, with depressions on each side for
At the base of the
the insertion of the Eectus capitis antictis major and minor.
external pterygoid plate is the forameyi ovale; behind this, i\\e foramen spinosum,
and the prominent spinous process of the sphenoid, which gives attachment to the
internal lateral ligament of the lower jaw and the Tensor palati muscle. External
to the spinous process is the glenoid fossa, divided into two parts by the Glaserian
fissure (page 152), the anterior portion concave, smooth, bounded in front by the
eminentia articularis, and serving for the articulation of the condyle of the lower
jaw the posterior portion rough, bounded behind by the tympanic plate, and
serving for the reception of part of the parotid gland. Emerging from between the
laminae of the vaginal process of the tympanic plate is the styloid process and at
;

;

the stylo-mastoid foramen, for the exit of the facial
External to the stylo-mastoid
nerve, and entrance of the stylo-mastoid artery.
foramen is the auricular fissure for the auricular branch of the pneumogastric,
bounded behind by the mastoid process. Upon the inner side of the mastoid
process is a deep groove, the digastric fossa and a little more internally, the
the base of this process

is

;

occipital groove, for the occipital artery.

iVt

the base of the internal pterygoid

and somewhat triangular aperture, the foramen lacerum medium,
by the great wing of the sphenoid, behind by the apex of the
petrous portion of the temporal bone, and internally by the body of the sphenoid
and basilar process of the occipital bone it presents in front the posterior orifice
plate is a large

bounded

in front

:

Vidian canal behind, the aperture of the carotid canal.
The basilar
surface of this opening is filled up in the recent state by a fibro-cartilaginous
substance across its upper or cerebral aspect pass the internal carotid artery
and Vidian nerve.
External to this aperture, the petro-sphenoidal suture is
observed, at the outer termination of which is seen the orifice of the canal for
the Eustachian tube, and that for the Tensor tympani muscle.
Behind this
suture is seen the under surface of the petrous portion of the temporal bone,
presenting, from within outwards, the quadrilateral, rough surface, part of which
affords attachment to the Levator palati and Tensor tympani muscles
external
to this surface the orifices of the carotid canal and the aquaeductus cochleae, the
former transmitting the internal carotid artery and the ascending branches of
the superior cervical ganglion of the sympathetic, the latter serving for the
passage of a small artery and vein to the cochlea. Behind the carotid canal is a
large aperture, the jugular fossa, formed in front by the petrous portion of the
temporal, and behind by the occipital it is generally larger on the right than on
the left side, and is divided into three compartments by processes of dura mater.
The anterior is for the passage of the inferior petrosal sinus the posterior for
of the

;

;

;

;

;

o2
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the lateral sinus and

some meningeal branches from the

pharyngeal arteries

the central one for

occipital and ascending
glosso-pharyngeal, pneumogastric,
and spinal accessory nerves. On the ridge of bone dividing the carotid canal
from the jugular fossa is the small foramen for the transmission of Jacobson's
nerve; and on the wall of the jugular foramen, near the root of the styloid process,
is the small aperture for the transmission of Arnold's nerve.
Behind the basilar
surface of the occipital bone is the foramen magmtm, bounded on each side by the
condyles, rough internally for the attachment of the check or odontoid ligaments,
and presenting externally a rough surface, the jiujular process, which serves for
;

tlie

the attachment of the Eectus capitis lateralis muscle and the lateral occipitoatlantal ligament.
On either side of each condyle anteriorly is the anterior
Fig. 184.

— Side view of the skull.

condyloid fossa, perforated by the anterior condyloid foramen, for the passage
of the hypoglossal nerve and a meningeal artery.
Behind each condyle is the
posterior condyloid fossa, perforated on one or both sides
bv the posterior
condyloid foramen, for the transmission of a vein to the lateral" sinus. Behind
the foramen magnum is the external occipital crest, terminating
above at the
external occipital protuberance, whilst on each side
are seen the superior and
inferior curved lines
these, as well as the surfaces of bone between them, are
rough for the attachment of the muscles, which are enumerated on page 142.
;

Lateral Eegion op the Skull
The Lateral Eegion
the triangle

of the Skull is of a

bemg formed by

somewhat triangular form, the base of
a line extending from the external angular process

;
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of the frontal bone along the temporal ridge backwards to the outer extremity of
the superior curved line of the occiput and the sides by two lines, the one
drawn downwards and backwards from the external angular process of the frontal
:

bone to the angle of the lower jaw, the other from the angle of the jaw u.pwards
and backwards to the outer extremity of the superior curved line. This region is
temporal fossa, mastoid portion, and zygomatic
divisible into three portions

—

fossa.

The Temporal Fossa
The Temporal Fossa is bounded above and behind by the temporal ridge,
which extends from the external angular process of the frontal upwards and
backwards across the frontal and parietal bones, curving downwards behind to
terminate in the posterior root of the zygomatic process {supra mastoid crest).
This ridge is generally double, at all events in front, where it is most marked.
In front, it is bounded by the frontal, malar, and great wing of the sphenoid
externally, by the zygomatic arch, formed conjointly by the malar and temporal
bones below, it is separated from the zygomatic fossa by the pterygoid ridge,
seen on the outer surface of the great wing of the sphenoid.
This fossa is
formed by five bones, part of the frontal, great wing of the sphenoid, parietal,
squamous portion of the temporal, and malar bones, and is traversed by six
;

;

sutures, part

of

the transverse facial, spheno-malar, coronal, spheno-parietal,

The point where the coronal suture
sometimes named the stephanion and the
region where the four bones, the parietal, the frontal, the squamous, and the
greater vnng of the sphenoid, meet at the anterior inferior angle of the parietal
This point is about on a level with the external
bone, is named the pterion.
angular process of the frontal bone and about one and a half inch behind it.
This fossa is deeply concave in front, convex behind, traversed by grooves which
lodge branches of the deep temporal arteries, and filled by the Temporal muscles.
squamo-parietal, and squamo-sphenoidal.
crosses the superior temporal ridge

is

;

The Mastoid Portion
The Mastoid Portion of the side of the skull is bounded in front by the
zygoma above, by a line which runs from the posterior xoot of
the zygoma to the end of the masto-parietal suture behind and below by the
It is formed by the mastoid and part of the squamous
masto-occipital suture.
and petrous portions of the temporal bone its surface is convex and rough for
the attachment of muscles, and presents, from behind forwards, the mastoid
foramen, the mastoid process, the external auditory meatus, surrounded by the
tympanic plate, and, most anteriorly, the temporo-maxillary articulation.
tubercle of the

;

;

;

The Zygomatic Fossa
The Zygomatic Fossa is an irregularly shaped cavity, situated below and on
zygoma bounded, in front, by the zygomatic surface of the
superior maxillary bone and the ridge which descends from its malar process
behind, by the posterior border of the pterygoid process and the eminentia
articularis
above, by the pterygoid ridge on the outer surface of the great wing
of the sphenoid, and the under part of the squamous portion of the temporal

the inner side of the

;

;

;

below, by the alveolar border of the superior maxilla internally, by the external
pterygoid plate and externally, by the zygomatic arch and ramus of the lower
jaw (fig. 185). It contains the lower part of the Temporal, the External and
Internal pterygoid muscles, the internal maxillary artery and vein, and inferior
maxillary nerve and their branches. At its upper and inner part may be
;

;

observed two fissures, the spheno-maxillary and pterygo-maxillary.
The Spheno-maxillary Fissure, horizontal in direction, opens into the outer
and back part of the orbit. It is formed above by the lower border of the orbital

;

:
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below, by the external border of the
and a small part of the palate-bone;
externally, by a small part of the malar bone * internally, it joins at right
This fissure opens a communication
angles with the pterygo-maxillary fissure.
from the orbit into three fossae— the temporal, zygomatic, and spheno-maxillary
it transmits the superior maxillary nerve and its orbital branch, the infra-orbital
vessels, and ascending branches from the spheno-palatine or Meckel's ganghon.
The Pterygo-maxillary Fissure is vertical, and descends at right angles from
the inner extremity of the preceding it is a V -shaped interval, formed by the

wing

surface of the great

of the

sphenoid

;

orbital surface of the superior maxilla

:

;

Fig. 185.
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divergence of the superior maxillary bone from the pterygoid process of the
sphenoid.
It serves to connect the spheno-maxillary fossa with the zygomatic
fossa, and transmits branches of the internal maxillary artery.

The Spheno-maxillary Fossa
The Spheno-maxillary Fossa

is a small, triangular space situated at the angle
spheno-maxillary and pterygo-maxillary fissures, and placed
beneath the apex of the orbit. It is formed above by the under surface of the
body of the sphenoid and by the orbital process of the palate-bone in front, by
the superior maxillary bone
behind, by the anterior surface of the base of the
pterygoid process and lower part of the anterior surface of the great wing of
the sphenoid internally by the vertical plate of the palate.
This fossa has three
fissures terminating in it, the sphenoidal, spheno-maxillary, 2Jidi pterygo-maxillary
it communicates with the orbit by the spheno-maxillary fissure
with the nasal
fossae by the spheno-palatine foramen, and with the zygomatic fossa by the pterygomaxillary fissure. It also communicates with the cavity of the cranium, and has
opening into it five foramina. Of these there are three on the posterior wall
the foramen rotundum above
below, and internal to this, the Vidian and still

of junction of the

;

;

;

;

;

;

;

Occasionally the superior maxillary bone and the sphenoid articulate with each other
extremity of this fissure the malar is then excluded from entering into its
formation.
at the anterior

;

;
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and internally, the pterygo-palatine. On the inner wall is the
foramen by which, the spheno-maxillarj'- communicates with the
and below is the superior orifice of the posterior palatine canal,

inferioiiy

splieno-palatine

nasal fossa
The
besides occasionally the orifices of the accessory posterior palatine canals.
fossa contains the superior maxillary nerve and Meckel's ganglion, and the termi;

nation of the internal maxillary artery.

Anteeioe Eegion of the Skull

The Anterior Region of the Skull, which forms the face, is of an oval form,
presents an irregular surface, and is excavated for the reception of two of the
organs of sense, the eye and the nose. It is bounded above by the glabella
and margins of the orbit below, by the prominence of the chin on each side,
by the malar bone, and anterior margin of the ramus of the jaw. In the median
line are seen from above downwards the glabella, and diverging from it are the
;

;

which indicate the situation of the frontal sinuses and support
Beneath the glabella is the fronto-nasal suture, the mid-point of
which is termed the nasion, and below^ this is the arch of the nose, formed by
the nasal bones, and the nasal processes of the superior maxillary.
The nasal
arch is convex from side to side, concave from above downwards, presenting in
the median line the inter-nasal suture formed between the nasal bones, laterally
the naso-maxillary suture formed between the nasal bone and the nasal process
superciliary ridges,

the eyebrows.

Below the nose is seen the opening of the anterior
heart-shaped, with the naiTow end upwards, and presents
laterally the thin, sharp margins serving for the attachment of the lateral cartilages of the nose, and in the middle line below, a prominent process, the anterior
nasal spine, bounded by two deep notches. Below this is the intermaxillary suture,
and on each side of it the incisive fossa. .Beneath this fossa are the alveolar
processes of the upper and lower jaws, containing the incisor teeth, and at the
lower part of the median line, the symphysis of the chin, the mental process, with
its two mental tubercles, separated by a median gi'oove, and the incisive fossa ot
the lower jaw.
On each side, proceeding from above downwards, is the supra-orhital ridge,
terminating externally in the external angular process at its junction with the
malar, and internally in the internal angular process
towards the inner third of
this ridge is the supra-orhital notch or forainen, for the passage of the supraorbital vessels and nerve.
Beneath the supra-orbital ridge is the opening of the
orbit, bounded externally by the orbital ridge of the malar bone
below, by the
orbital ridge formed by the malar, superior maxillary, and lachrymal bones
internally, by the nasal process of the superior maxillary, and the internal angular process of the frontal bone.
On the outer side of the orbit is the quadrilateral anterior surface of the malar bone perforated by one or two small malar
foramina. Below the inferior margin of the orbit is the infra-orbital foramen, the
termination of the infra-orbital canal, and beneath this the canine fossa, which
gives attachment to the Levator anguli oris
bounded below by the alveolar processes, containing the teeth of the upper and lower jaws. Beneath the alveolar arch
of the lower jaw is the mental foramen ior the passage of the mental vessels and
nerve, the external oblique line, and at the lower border of the bone, at the point
of junction of the body with the ramus, a shallow groove for the passage of the
of the superior maxillary bone.

nares,

which

is

;

;

;

facial artery.

The Oebits
The

Orbits

(fig.

186) are

two quadrilateral pyramidal

cavities, situated at the

forwards and
outwards, and their apices backwards and inwards, so that the axes of the two,
if continued backwards, would meet over the body of the sphenoid bone.
Each
orbit is formed of seven bones, the frontal, sphenoid, ethmoid, superior maxillary,

upper and anterior part

of the face, their bases being directed
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but three of these, the frontal, ethmoid, and
malar, lachrymal, and palate
sphenoid, enter into the formation of both orbits, so that the two cavities are
formed of eleven bones only. Each cavity presents for examination a roof, a
floor, an inner and an outer wall, four angles, a circumference or base, and an apex.
The roof is concave, directed downwards and forwards, and formed in front by
This
the orbital plate of the frontal behind by the lesser wing of the sphenoid.
surface presents internally the depression for the cartilaginous pulley of the
;

;

externally, the depression for the lachrymal gland
Superior oblique muscle
posteriorly, the suture connecting the frontal and lesser wing of the
;

;

and

sphenoid.

The
by the

floor is nearly flat,

and

of less extent

than the roof

orbital process of the superior maxillary

Fig.

('

1

86.

;

;

it is

formed chiefly
by

in front, to a small extent,

—Anterior region of the

sknll.

uw

Tenclo oculi

Anterior nasal spine
Incisive fossa

Groove for facial artery

the orbital process of the malar, and behind, by the superior surface of the orbital
process of the palate. This surface presents at its anterior and internal part,
just external to the lachrymal groove, a depression for the attachment of the
Inferior obhque muscle
externally, the suture between the malar and superior
maxillary bones near its middle, the infra-orbital groove and posteriorly, the
suture between the maxillary and palate bones.
The inner wall is flattened, and formed from before backwards by the nasal
process of the superior maxilla, the lachrymal, os planum of the ethmoid, and
a small part of the body of the sphenoid.
This surface presents the lachrymal
groove, and crest of the lachrymal bone, and the sutures connecting the lachrymal
;

;

;

;
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with the superior maxillary, the ethmoid with the lachrymal in front, and the
ethmoid with the sphenoid behind.
The outer wall is formed in front by the orbital process of the malar bone
On it are seen the orifices of one
behind, by the orbital surface of the sphenoid.
or two malar canals, and the suture connecting the sphenoid and malar bones.
Angles. The superior external angle is formed by the junction of the upper
and outer walls it presents, from before backwards, the suture connecting the
frontal with the malar in front, and with the great wing of the sphenoid behind
quite posteriorly is the foramen lacerum anterius, or sphenoidal fissure, which
transmits the third, the fourth, the three branches of the ophthalmic division of
the fifth, the sixth nerve, some filaments from the cavernous plexus of the sympathetic, the orbital branch of the middle meningeal artery, a recurrent branch
from the lachiymal artery to the dura mater, and the ophthalmic vein. The
superior internal angle is formed by the junction of the upper and inner wall,
and presents the suture connecting the frontal bone with the lachrymal in front,
and with the ethmoid behind. The point of junction of these three sutures has
been named the dacrijon. This angle presents two foramina, the anterior and
posterior ethmoidal, the former transmitting the anterior ethmoidal vessels and
nasal nerve, the latter the posterior ethmoidal vessels.
The inferior external
angle, formed by the junction of the outer wall and floor, presents the
spheno-maxillary fissure, w^hich transmits the superior maxillary nerve and
its orbital branches, the
infra- orbital vessels, and the ascending branches
from the spheno-palatine or Meckel's ganglion. The inferior internal angle is
formed by the union of the lachrymal and os planum of the ethmoid, with the
;

—

;

and palate bones. The circumference, or base, of the orbit,
below, by the
is bounded above by the supra-orbital ridge
anterior border of the orbital plate of the malar, superior maxillary, and lachrymal
bones externally, by the external angular process of the frontal and the malar
bones; internally, by the internal angular process of the frontal, and the nasal
process of the superior maxillary.
The cu'cumference is marked b}^ three
sutures, the fronto-maxillary internally, the fronto-malar externally, and the
malo-maxillary below it contributes to the formation of the lachrymal groove,
and presents, above, the supra-orbital notch (or foramen), for the passage of the
supra-orbital vessels and nerve.
The apex, situated at the back of the orbit,
corresponds to the optic foramen, a short, ch'cular canal, which transmits the
optic nerve and ophthalmic artery.
It will thus be seen that there are niiie
openings communicating with each orbit viz. the ^optic foramen, sphenoidal
superior maxillary

quadrilateral in form,

;

;

;

—

spheno-maxillary fissure, supra-orbital foramen, infra-orbital canal,
anterior and posterior ethmoidal foramina, malar foramina, and canal for the

fissure,

nasal

diict.

The Nasal Foss^
The Nasal Fossae are two large, irregular cavities, situated on either side of
the middle line of the face, extending from the base of the cranium to the roof of
the mouth, and separated from each other by a thin vertical septum.
They communicate by two large apertures, the anterior nares, with the front of the face
;

and by the two posterior nares with the pharynx behind. These fossae are much
narrower above than below, and in the middle than at the anterior or posterior
openings their dejDth, which is considerable, is much greater in the middle than
at either extremity.
Each nasal fossa communicates with four sinuses, the
frontal above, the sphenoidal behind, and the maxillary and ethmoidal on the
outer wall.
Each fossa also communicates with four cavities with the orbit by
the lachrymal groove, with the mouth by the anterior palatine canal, with the
cranium by the olfactory foramina, and with the spheno-maxillary fossa by the
spheno-palatine foramen and they occasionally communicate with each other
by an aperture in the septum. The bones entering into their formation are fourteen in number three of the cranium, the frontal, sphenoid, and ethmoid, and all
:

:

;

:

—

.
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Each cavity is bounded
the bones of the face, excepting the malar and lower jaw.
wall.
outer
an
by a roof, a floor, an inner and
The upper wall, or roof (fig. 1 87) is long, narrow, and horizontal in its centre, but
sloped downwards at its anterior and posterior extremities it is formed in front
by the nasal bones and nasal spine of the frontal, which are directed downwards
and forwards in the middle, by the cribriform plate of the ethmoid, which is
horizontal and behind, by the under surface of the body of the sphenoid, and
sphenoidal turbinated bones, the ala of the vomer and the sphenoidal process of
This surface
the palate bone, which are directed downwards and backwards.
;

;

;

on
presents, from before backwards, the internal aspect of the nasal bones
nasal
process
and
the
bone
between
the
nasal
formed
suture
the
side,
their outer
on their inner side, the elevated crest which receives
of the superior maxillary
;

;

the nasal spine of the frontal and the perpendicular plate of the ethmoid, and
whilst the surface of the bones is
articulates with its fellow of the opposite side
;

Fig. 187.
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perforated by a few small vascular apertures, and presents the longitudinal
groove for the nasal nerve further back is the transverse suture, connecting the
frontal with the nasal in front, and the ethmoid behind, the olfactory foramina
and nasal slit on the under surface of the cribriform plate, and the suture between
:

and the sphenoid behind quite posteriorly are seen the sphenoidal turbinated
bones, the orifices of the sphenoidal sinuses, and the articulation of the alse of
the vomer with the under surface of the body of the sphenoid.

it

:

The floor is flattened from before backwards, concave from side to side, and
wider in the middle than at either extremity. It is formed in front by the palate
process of the superior maxillary behind, by the palate process of the palatebone.
This surface presents, from before backwards, the anterior nasal spine
behind this, the upper orifices of the anterior palatine canal internally, the elevated
crest which articulates with the vomer
and behind, the suture between the
palate and superior maxillary bones, and the posterior nasal spine.
;

;

;

;
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The inner wall, or septum (fig. 188), is a thin vertical partition, which
separates the nasal fossae from one another it is occasionally perforated, so tliat
the fossae communicate, and it is frequently deflected considerably to one side.*
;

formed, in front, by the crest of the nasal bones and nasal spine of the
behind, by
in the middle, by the perpendicular plate of the ethmoid
below, by the crest of the superior
the vomer and rostrum of the sphenoid
It presents, in front, a large, triangular notch,
maxillary and palate bones.
which receives the triangular cartilage of the nose and behind, the guttural edge
Its surface is marked by numerous vascular and nervous canals
of the vomer.
and the groove for the naso-palatine nerve, and is traversed by sutures connecting
the bones of which it is formed.
The outer wall (fig. 187) is formed, in front, by the nasal process of the
in the middle, by the ethmoid and
superior maxillary and lachrymal bones
It is

frontal

;

;

;

;

;

Inner wall of nasal

Fig.
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inner surface of the superior maxillary and inferior turbinated bones behind, by
the vertical plate of the palate-bone, and the internal pterygoid plate of the
;

sphenoid.

This surface presents three irregular longitudinal passages, or mea tnses,

formed between three horizontal plates of bone that spring from it they are
termed the superior, middle, and inferior meatuses of the nose. The superior
meatus, the smallest of the three, is situated at the upper and back part of each
nasal fossa, occupying the posterior third of the outer w^all. It is situated between the superior and middle- turbinated bones, and has opening into it two
foramina, the spheno-palatine at the back of its outer wall, and the piaster ior
ethmoidal cells at the front part of the outer wall. The opening of the sphenoidal
sinuses is usually at the upper and back part of the nasal fossae immediately
l^ehind the superior turbinated bone.
The middle meatus is situated betw^een
the middle and inferior turbinated bones, and occupies the posterior two-thirds
of the outer wall of the nasal fossa.
In front is the
It presents tw^o apertures.
orifice of the vifundihulum; bv which the middle meatus communicates witla the
;

See footnote,

p. 164.
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At the
cells, and through these with the frontal sinuses.
centre of the outer wall is the orifice of the antrum, which varies somewhat as to
The inferior meatus, the largest of the
its exact position in different skulls.
three, is the space between the inferior turbinated bone and the floor of the
nasal fossa. It extends along the entire length of the outer wall of the nose, is
broader in front than behind, and presents anteriorly the lower orifice of the
anterior ethmoidal

canal for the nasal duct.
The anterior nares present a heart-shaped or pyriform opening, whose long
This opening in the recent
axis is vertical, and narrow extremity upwards.
It is bounded above by
state is much contracted by the cartilages of the nose.
the inferior border of the nasal bone laterally by the thin, sharp margin which
and
separates the facial from the nasal surface of the superior maxillary bone
below by the same border, where it slopes inwards to join its fellow of the
opposite side at the anterior nasal spine.
The posterior nares are the two posterior oval openings of the nasal fossae, by
which they communicate with the upper part of the pharynx. They are situated
;

;

immediately in front

of the basilar process,

and are bounded above by the under

below, by the posterior border of the
surface of the body of the sphenoid
externally, by the internal surface of the
horizontal plate of the palate-bone
;

;

internal pterygoid plate

;

and

internally, in the

from each other by the guttural border
Surface Form.
felt

of the

middle

in the Jiead

and

face,

which are to be easily
and which afford the means of mapping out the

important strtictnres comprised in this region, are as follow
2.
3.

4.
5.

6.
7.

they are separated

— The various bony prominences or landmarks

and recognised
1.

line,

Vomer.

Supra-orbital arch.
Internal angular process.
External angular process.
Zygomatic arch.
Mastoid process.

External occipital protuberance.
Superior curved line of occipital bone.

:

Parietal eminence.
9. Temjaoral ridge.

8.

10.

Frontal eminence.

11. Superciliary ridge.

-12.
13.
14.

Nasal bone.

Lower margin
Lower jaw.

of orbit.

I. The suj^r a- orbital arch is to
be felt throughout its entire extent, covered by
the eyebrow. It forms the upper boundary of the circumference or base of the orbit
and separates the face from the forehead.
It is strong and arched, and terminates
internalljr at the root of the nose, in the internal angular process, which articulates
with the laclirymal bone. Externally it terminates in t\ie external angular 'process which
articulates with the malar bone.
This arched ridge is sharper and more defined in its
outer than in its inner half, and forms an overhanging process which protects and shields
the lachrymal gland. It thus protects the eye in its most exposed situation and in
the direction from which blows are more likely to descend. The supra-orbital arch
varies in prominence in different individuals.
It is luore marked in the male than in the
female, and in some races of mankind than others. In the less civilised races, as the forehead
recedes backwards, the supra-orbital arch becomes more prominent and approaches more
to the characters of the monkey tribe, in which the supra-orbital arches are very largely
developed and acquire additional XDrominence from the oblique direction of the frontal bone.
2. The internal angular process is scarcely to be felt.
Its position is indicated by the angle
formed by the supra- orbital arch with the nasal process of the superior maxillary bone and the
lachrymal bone at the inner side of the orbit. Between the internal angular processes of the
two sides is a broad surface which assists in foriuing the root of the nose, and immediately
above this a broad, smooth, somewhat triangular surface, the glabella, situated between
the superciliary ridges. 3. The external angular p)rocess is much more strongly marked
than the internal, and is plainly to be felt. It is formed by the junction or confluence of
the supra-orbital and temporal ridges, and, articulating with the malar bone, it serves to
a very considerable extent to support the bones of the face. In carnivorous animals the
external angular process does not articulate with the malar, and therefore this lateral
support to the bones of the face is not present. 4. The zygomatic arch is plainly to be
felt throughout its entire length, being situated almost immediately under the skin.
It is
formed by the malar bone and the zygomatic process of the temporal bone. At its anterior
extremity, where it is formed by the malar bone, it is broad and forms the prominence of
the cheek the posterior p)art is narrower, and terminates just in front and a little above
the tragus of the external ear. The lower border is more plainly to be felt than the upper,
in consequence of the dense temporal fascia being attached to the ujpper border, which
somewhat obscures its outhne. Its shape differs very much in individuals and in different
races of mankind.
In the most degraded type of skull— as, for instance, in the skull of the
;
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negro of the Gviinea Coast the malar bones project forwards and not outwards, and the
zygoma at its posterior extremity extends further outwards before it is twisted on itself to
be prolonged forwards. This makes the zygomatic arch stand out in bold relief, and
In skulls which have a more pyramidal
affords greater space for the Temx^oral muscle.
shape, as in the Esquimaux or Greenlander, the malar bones do not project forwards and
downwards under the ejes, as in the preceding form, but take a direction outwards,
forming with the zygoma a large, rounded sweep or segment of a circle. Thus it happens
that if two lines are drawn from the zj-gomatic arches, touching the temporal ridges, they
meet over the top of the head, instead of being parallel, or nearly so, as in the European skull,
This gives to the face a
in which the zygomatic arches are not nearly so prominent.
more or less oval type. 5. Behind the ear is the mastoid j^ortion of the temporal hone,
Its anterior border
pla.inly to be felt, and terminating below in a nipple-shaped process.
can be traced immediatel}^ behind the concha, and its apex is on about a level with the
It is rudimentary in infancy, but gradually develops in childhood, and
lobule of the ear.
6. The external occipital j^rotuberance
is more marked in the negro than in the European.
is alwaj's plainly to be felt just at the level where the skin of the neck joins that of the
head.
At this point the skull is thick for the purposes of safety, while radiating from it
are numerous curved arches or buttresses of bone which give to this portion of the skull
further security.
7. Running outwards on either side fi'om the external occipital protuberance is an arched ridge of bone, which can be more or less plainly perceived. This
is the superior curved line of the occipital bone, and gives attachment to some of the
accordingly, Ave find it ixiore developed
nuiscles which keep the head erect on tlie spine
in the negro tribes, in whom the jaws are much more massive, and therefore require
stronger muscles to prevent their extra weight carrying the head forwards.
Below this line
the surface of bone at the back of the head is obscured by the overlying muscles. Above
it, the vault of the cranium is thinly covered with soft structures, so that the form of this
part of the head is almost exactly that of the upper portion of the occipital, the parietal,
and the frontal bones themselves and, in bald persons, even the lines of jiuiction of the
bones, especially the junction of the occipital and parietal at the lambdoid suture, may be
defined as a slight depression, caused by the thickenmg of the borders of the bones in this
8. In the line of the greatest transverse diameter of the head, on each side
situation.
though sometimes
of the middle line, are generally to be found the i^arietal eminences
these eminences are not situated at the point of the greatest transverse diameter, which is
at some other prominent part of the parietal region. They denote the point where ossification
Thej' are much more promment and well-marked in early life, in
of the bone began.
consequence of the sharper curve of the bone at this period, so that it describes the
segment of a smaller circle. Later in life, as the bone grows, the curve spreads out and
forms the segment of a larger circle, so that the eminence becomes less distinguishable. In
consequence of this sharp curve of the bone in early life, the whole of the vault of the skull
has a squarer shape than it has in later life, and this appearance may persist in some
rickety skulls.
The eminence is more apparent in the negro's skull than in that of the
European. This is due to greater flattening of the temporal fossa in the former skull to
;

;

;

accommodate the larger Temporal muscle which exists in these races. The parietal
emmence is j^articularly exposed to injury from blows or falls on the head, but fi'acture is to
a certain extent prevented by the shape of the bone, which forms an arch, so that the force
of the blow is diffused over the bone in every direction.
9. At the side of the head may

Commencing at the external angiilar process, it may be felt
felt the tenqjoral ridge.
as a curved ridge, passing upwards and then curving backwards, on the frontal bone,
separating the forehead from the temporal fossa. It may then be traced, passing backwards
in a curved direction, over the parietal bone, and, though less marked, still generally to be
recognised.
Finally, the ridge curves downwards, and terminates in the posterior root of
the zygoma, which separates the squamous from the subcutaneous mastoid portion of the
temporal bone. Mr. Victor Horsley has recently shown, in an article on the Topography
of the Cerebral Cortex,' that the second temporal ridge (see page 146) can be made out on
the living hoAj.
10. The frontal eminences vary a good deal in different individuals,
being considerably more prominent in some than in others, and they are often not
symmetrical on the two sides of the body, the one being much more pronounced than the
other.
This is often especially noticealjle in the skuU of the young child or infant, and
becomes less marked as age advances. The prominence of the frontal eminences depends
more upon the general shape of the whole bone than upon the size of the protuberances
themselves. As the skull is more highly developed in consequence of increased intellectual
capacity, so the frontal bone becomes more upright, and the frontal eminences stand out
in bolder relief.
Thus they may be considered as affording, to a certain extent, an
indication of the development of the hemispheres of the brain beneath, and of the mental
powers of the individual.
Ihey are not so much exposed to injury as the parietal
eminences. In falls forward the upper extremities are involuntarily thrown out, and break
the force of the fall, and thus shield the frontal bone from injury.
11. Below the frontal
eminences on the forehead are the superciliary ridges, which denote the position of the
frontal sinuses, and vary according to the size of the sinuses in different individuals, being,
as a rule, small in the female, absent in children, and sometimes unusually prominent in
the male, when the frontal sinuses are largely developed. They commence on either side

be

'
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of the glabella, and at first present a rounded form, which gradually fades away at their
They vary much in
12. The nasal hones form the prominence of the nose.
outer ends.
size and shape, and to them is due the varieties in the contour of this organ and much of
the character of the face. Thus, in the Mongolian or Ethiopian they are fiat, broad, and
thick at their base, giving to these tribes the flattened nose by which they are characterised,
and differing very decidedly from the Caucasian, in whom the nose, owing to the shape of
the nasal bones, is narrow, elevated at the bridge, and elongated downwards. Below, the
nasal bones are thin and connected with the cartilages of the nose, and the angle or arch
formed by their union serves to throw out the bridge of the nose, and is much more
marked in some individuals than others. 13. The lower margin of the orbit, formed by
the superior maxillary bone and the malar bone, is plainly to be felt throughout its entire
length.
It is continuous internally with the nasal process of the superior maxillary bone,
which forms the inner boundary of the orbit. At the point of junction of the lower margin
of the orbit with the nasal process is to be felt a little tubercle of bone, which can be
This tubercle
plainly perceived by running the finger along the bone in this situation.
serves as a guide to the position of the lachrymal sac, which is situated above and behind
-Tust in
it.
14. The outline of the lower jaw is to be felt throughout its entire length.
front of the tragus of the external ear, and below the zygomatic arch, the condyle can be
made out. When the mouth is opened, this prominence of bone can be perceived advancing
out of the glenoid fossa on to the eminentia articularis, and receding again when the
mouth is closed. From the condyle the posterior border of the ramus can be felt extending
down to the angle. A line drawn from the condyle to the angle would indicate the
exact position of this border.
From the angle to the symphysis of the chin, the lower,
rounded border of the body of the bone is plainly to be felt. At the point of junction of
the two halves of the bone is a well-marked, triangular eminence, the mental 2^>'ocess,
which forms the prominence of the chin.
Surgical Anatomy. An arrest in the ossifying process may give rise to deficiencies or
gaps or to fissures, which are of importance in a medico-legal point of view, as they are
liable to be mistaken for fractures.
The fissures generally extend from the margin
towards the centre of the bone, but gaps may be found in the middle, as well as at the
edges.
In course of time they maj' become covered with a thin lamina of bone.
Occasionally a protrusion of the brain or its membranes may take place through one
of these gaps in an imperfectlj' developed skull. When the protrusion consists of membranes
only, and is filled with cerebro-spinal fluid, it is called a meningocele when the protrusion
consists of brain as well as membranes, it is termed an encej^halocele
and when the
protruded brain is a prolongation from one of the ventricles, and is distended by a collection of fluid from an accumulation in the A-entricle, it is termed an JiydrencepJialocele.
This latter condition is frequently found at the root of the nose, where a protrusion of the
anterior horn of the lateral ventricle takes place through a deficiency of the fronto-nasal
suture.
These malformations are usually found in the middle line, and most frequently
at the back of the head, the protrusion taking place through the fissiires which separate
the four centres of ossification from which the tabular portion of the occipital bone is
originally developed (see page 145).
They most frequently occur through the upper part
of the vertical lissiu'e, which is the last to ossify, but not uncommonly through the lower
part, when the foramen magnum may be incomplete.
More rarely these protrusions have
been met with in other situations than those two above mentioned, both through normal
fissures, as the sagittal, lambdoid, and other sutures, and also through abnormal gaps
and deficiencies at the sides, and even at the base of the skull.
Fractures of the skuUmay be divided into those of the vault and those of the base.
Fractures of the vault are usually produced by direct violence. This portion of the skull
varies in thickness and strength in different individuals, but, as a rule, is sufficiently strong
to resist a very considerable amount of violence without being fractured.
This is due to
several causes
the roiuided shape of the head and its construction of a number of
secondary elastic arches, each made up of a single bone the fact that it consists of a
number of bones, united, at all events in early life, by a sutural ligament, which acts as a
sort of buffer and interrupts the continuity of any violence applied to the skull; the
presence of arches or ridges, both on the inside and outside of the skull, which materially
strengthen it and the mobility of the head upon the spine which farther enables it to
withstand violence. The elasticity of the bones of the head is especially marked in the
skull of the child, and this fact, together with the wide separation of the individual bones
from each other, and the interposition between them of other softer structures, renders
fracture of the bones of the head a very uncommon event in infants and quite young
children; as age advances, and the bones become joined, fracture is more common,
though still less hable to occur than in the adult. Fractures of the vault may, and generally do, involve the whole thickness of the bone; but sometimes one table may be
fractured withoiit any corresponding injury to the other.
Thus, the outer table of the
skull may be splintered and driven into the diploe, or in the frontal or mastoid regions
into the frontal or mastoid cells, without any injury to the internal table.
And, on the
other hand, the internal table has been fractured, and portions of it depressed and driven
inwards, without any fracture of the outer table. As a rule, in fractures of the skull, the
inner table is more splintered and comminuted than the outer, and this is due to

—

;

;

;

:

—

;

;

;
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the force of the violence as

passes

it

inwards becomes broken up, and is more diffused by the time it reaches the inner table
the bone being in the form of an arch bends as a whole and spreads out, and thus presses
the particles together on the convex surface of the arch, i.e. the outer table, and
and, lastly, there is nothing
forces them asunder on the concave surface or inner table
firm imder the inner table to supjjort it and oppose the force. Fractures of the vault may
be simijle fissures, or starred and comminuted fractures, and these may be depressed or
These latter cases of fracture with elevation of the fractured portion are
elevated.
luicommon, and can only be produced by direct wound. In comminuted fracture, a portion of the skull is broken into several pieces, the lines of fracture radiating from a centre
where the chief impact of the blow was felt if depressed, a fissure circumscribes the
;

;

If this area is circular it is termed a pond
radiating lines, enclosing a portion of skull.
fracture, and would in all probability have been caused by a round instrument, as a life
preserver or hammer if elliptical in shape it is termed a gutter fracture,' and would owe
its shape to the mstrument which had produced it, as a XDoker.
Fractures of the base are most frequently produced by the extension of a fissure from
the vault, as in falls on the head, where the fissure starts from the part of the vault which
Sometimes, however, they are caused by direct violence, when
first struck the ground.
foreign bodies have been forced through the thin roof of the orbit, through the cribriform
plate of the ethmoid from being thrust up the nose, or through the roof of the pharynx.
Other cases of fractiu^e of the base occur from indirect violence, as in fracture of the
occipital bone from impaction of the s]oinal column against its condyles in faUs on the
buttocks, knees, or feet, or in cases where the glenoid cavity has been fractiu^ed by the
violent impact of the condyle of the lower jaw agamst it from blows on the chin.
The most common place for fracture of the base to occur is through the middle fossa,
and here the fissure usually takes a fah-ly definite course. Starting from the point
struck, which is generally somewhere in the neighbourhood of the parietal eminence, it
runs downwards through the parietal and squamous portion of the temporal bone and
across the petroijs portion of this bone, frequently traversing and implicating the
internal auditory meatus, to the middle lacerated foramen. From this it may pass across
the body of the sphenoid, through the pituitary fossa to the middle lacerated foramen of
the other side, and may indeed travel round the whole cranium, so as to completely
separate the anterior from the posterior part.
The course of the fi'acture should be borne
in mind, as it explains the symptoms to which fi-acture in this region may give rise
thus,
if the fissure pass across the internal auditory meatus, injury to the facial and auditory
nerves may result, with consequent facial paralysis and deafness or the tubular prolongation of the arachnoid around these nerves in the m.eatus may be torn and thus
permit of the escajse of the cerebro-spinal fluid should there be a communication between
the internal ear and the tympanum and the membrana tympani be ruptured, as is
frequently the case
again, if the fissure passes across the pituitary fossa and the miTcoperiosteum covering the under surface of the body of the sphenoid is torn, blood will find
its way into the pharynx and be swallowed, and after a time vomiting of blood will result.
Fractures of the anterior fossa, involving the bones forming the roof of the orbit and nasal
fossa, are generally the results of blows on the forehead
but fracture of the cribriform
plate of the ethmoid may be a complication of fracture of the nasal bone.
When the
fracture unplicates the roof of the orbit, the blood finds its way into this cavity and,
travelling forwards, appears as a subconjunctival ecchymosis.
If the roof of the nasal fossa
be fractured, the blood escapes from the nose. In rare cases there may be also escape of
cerebro-spinal fluid from the nose, where the dura mater and arachnoid have been torn.
In fractm-es of the posterior fossa, extravasation of blood may appear at the nape of the neck.
The bones of the skull being subcutaneous are frequently the seat of nodes, and not
uncommonly necrosis results from this cause, as well as from injury. Necrosis may
involve the entire thickness of the skull, but is usually confined to the external table.
Necrosis of the internal table alone is rarely met with. The bones of the skull are also
fre(juently the seat of sarcomatous tumour.
The skull in rickets is peculiar the forehead is high, square, and projecting and the
antero-posterior diameter of the skull is long, in relation to the transverse diameter.
The
bones of the face are small and ill-developed, and this gives the appearance of a larger
head than actually exists. The bones of the head are often thick, especially in the
neighbourhood of the sutures, and the anterior fontanelle is late in closing, sometimes
remaining unclosed till the fourth year. The condition oi cranio-tabes has by some been
also believed to be the result of rickets
by others is believed to be due to inherited
syphilis.
In these cases the bone undergoes atrophic changes in patches, so that it
becomes greatly thinned in places, generally where there is pressure, as from the pillow
or nurse's arm.
It is, therefore, usually met with in the parietal bone and vertical plate
of the occipital bone.
In congenital syphilis deposits of porous bone are often found at the angles of the
parietal bones, and two halves of the frontal bone which bound the anterior fontanelle.
These deposits are separated by the coronal and sagittal sutures, and give to the skull an
appearance like a hot cross bun.' They are known as Parrot's nodes, and such a skull
has received the name of natiform, from its fancied resemblance to the buttocks.
'

'

'

;

:

;

:

;

:

;

;

'
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In connection with tlie bones of the face a common malformation is cleft 'palate,
owing to the non-union of tlie palatal processes of the maxillary or pre-oral arch (see
page 92). This cleft may involve the whole or only a portion of the hard palate, and
usually involves the soft palate also. The cleft is in the middle line, except it mvolves
the alveolus in front, when it follows the suture between the main portion of the bone
and the pre-maxillary bone. Sometimes the cleft runs on either side of the pre-maxillary
bone, so chat this bone is quite isolated from the maxillary bones and hangs from the end
The malformation is usually associated with hare-lip, which, when single, is
of the vomer.
almost always on one side, corresponding to the position of the suture between the lateral
Some few cases of median hare-lip have been described. In
incisor and canine tooth.
double hare-lip there is a cleft on each side of the middle line.
The bones of the face are sometimes fractured as the result of direct violence. The two
most commonly broken are the nasal bone and the inferior maxUla, and of these, the latter
Fractiu-e of the nasal
is bv far the most frequently fractured of all the bones of the face.
bone is for the most part transverse, and takes place about half an inch from the free
The broken portion m&y be displaced backwards or more generally to one side by
maro'in.
the force which produced the lesion, as there are no muscles here which can cau.se displacement. The malar bone is probably never broken alone, that is to say, unconnected with
a fractm-e of the other bones of the face. The zygomatic arcli, is occasionally fractured,
and when this occurs from dh-ect violence, as is usually the case, the fragments may be
displaced inwards. This lesion is often attended with great difticulty or even inability to
open and shut the mouth, and this has been stated to be due to the depressed fragments
perforating the temporal muscle, but would appear rather to be caused by the injurj^ done
Fractures of the swperior maxilla may vary
to the bony origin of the masseter muscle.
much in degree, from the chipping off of a portion of the alveolar arch, a frequent accident
when the old key instrument was used for the extraction of teeth, to an extensive
comminution of the whole bone from severe violence, as the kick of a horse. The most
common situation for a fracture of the inferior maxillary hone is in the neighbourhood
of the canine tooth, as at this spot the jaw is weakened by the deej) socket for the fang
of this tooth it is next most frequently fractu.red at the angle then at the symphysis, and
Occasionally a
finally the neck of the condyle or the coronoid process maj' be broken.
double fi-actru'e may occur, one in either half of the bone. The fractures are ixsually
compound, from laceration of the mucous membrane covering the gums. The displacement is mainly the result of the same violence as produced the injury, but may be further
increased by the action of the muscles passing from the neighbourhood of the symphysis
'

'

;

;

hyoid bone.

to the

inferior maxillary bones are both of them frequently the seat of
though the disease affects the lower much more frequently than the upper jaw,
probably on account of the greater supply of blood to the latter. It may be the result of
periostitis, from tooth irritation, injury, or the action of some specific poison, as syphilis,
it not luifrequently occurs in children after attacks of
or from salivation by merciu-y
the exanthematous fevers, and a special form occurs from the action of the fumes of
phosphorus in persons engaged in match-making.
Tumours attack the jaw-bones not unfrequently, and these may be either innocent or
malignant
tiie upper jaw cysts may occur in the antrum, constituting the so-called
dropsy of the antrum; or, again, cysts may form in either jaw in connection with the
teeth either cysts connected with the roots of fiilly developed teeth, the dental cyst
or cysts connected with imperfectly developed teeth, the dentigerous cyst.'
Solid innocent ttuuours include the fibroma, the chondroma, and the osteoma.
Of malignant tumours
there are two classes, tlie sarcomata and the epithelioma. The sarcoma are of various
kinds, the spindle-celled and round-celled of a very malignant character, and the myeloid
sarcoma principally affecting the alveolar naargin of the bone. Of the epitheliomata we
find the squamous variety spreading to the bone from the palate or gum, and the cylindrical

The superior and

necrosis

:

;

:

m

'

:

'

'

epithelioma originating in the antrum or nasal fossae.
Both superior and inferior maxillary bones occasionally require removal for tumours
and in some other conditions. The upper jaw is removed by an incision from the inner
canthus of the eye, along the side of the nose, round the ala, and down the middle line of
the upper lip. A second incision is carried outwards from the inner canthus of the eye
along the lower margin of the orbit as far as the prominence of the malar bone. The flap
thus formed is reflected outwards and the surface of the bone exposed. The connections
of the bone to the other bones of the face are then divided with a narrow saw.
They are
(I) the junction with the malar bone, passing into the spheno-maxillary fissure
(2) the
nasal process a small portion of its upper extremity, connected with the nasal bone in
front, the lachrymal bone behind, and the frontal bone above, being left
(3) the connection with the bone on the opposite side and the palate in the roof of the mouth.
The bone
is now firmly grasped with lion-forceps, and by means of a rocking movement upwards
and downwards the remaining attachments of the orbital plate with the ethmoid, and of
the back of the bone with the palate, broken through. The soft palate is first separated
from the hard with a scalpel and is not removed. Occasionally in removing the upper
jaw, it will be found that the orbital plate can be spared, and this should always be done
if possible.
A horizontal saw-cut is to be made just below the infra-orbital foramen, and
the bone cut through with a chisel and mallet.
:

;

:

;

HYOID BONE
Removal

of one half of the lower

made

jaw

is
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soniethnes required.

If possible, the section

one side of the symphysis so as to save the genial
tiibercles and the origin of the Genio-hyo-glossus muscle, as otherwise the tongue tends
Having exti'acted the central or preto fall backwards and may produce suffocation.
of the bone

should be

to

the lateral incisor tooth, a vertical incision is made down to the bone, comit
at the free margin of the lip, and carried to the lower border of the bone
is then carried along its lower border to the angle and up the posterior margin of the
ramus to a level with the lobule of the ear. The flap thus formed is raised by separating
The jaw is now sawn through
all the structures attached to the outer surface of the bone.
at the point where the tooth has been extracted, and the knife ])assed along the inner
The jaw is then
side of the jaw, separating the structures attached to this surface.
grasped by the surgeon and strongh' depressed, so as to bring down the coronoid process
and enable the operator to sever the tendon of the Temporal muscle. The jaw can be now
fm'ther depressed, care being taken not to evert it or rotate it outwards, which would
endanger the internal maxillary artery, and the External pterygoid torn through or
The capsular ligament is now opened in front and the lateral ligaments
divided.
divided, and the jaw reiuoved with a few final touches of the knife.
The antrum occasionally requires tapping for suppuration. This may be done through
the socket of a tooth, preferably the first molar, the fangs of which are most intimately
connected witii the antrum, or through the facial aspect of the bone above the alveolar
This latter method does not perhaps afford such efficient drainage, but there is
process.
The operation msij be performed by
less chance of food finding its way into the cavity.
incising the mucous membrane above the second molar tooth, and driving a trocar or any
sharp pointed instrument into the cavity.
ferably^

mencing

;

Hyoid Bone
The Hyoid bone

is

named from

also call the lingual bone, because

numerous muscles. It
bony arch, shaped hke a
horse-shoe, and consisting of
segments, a body, two
five
greater cornua, and two lesser
cornua. It is suspended from
to
is

it

its resemblance to the Greek upsilon
it is
supports the tongue, and gives attachment
;

its

a

Fig. 189.— Hyoid bone.

Anterior surface

(enlarged),
^0!!h

m r

^Greater Cormi
middle coNSTR]CTDBj^P4«ry/u;

the tip of the styloid processes
of the

temporal bones by hga-

mentous bands, the

stylo -hyoid

ligaments.

The Body
the

and
its

{hasi-hyal)

forms

central part of the bone,
of a quadrilateral

is

anterior surface

(fig.

form
189),

convex, directed forwards and
upwards, is divided into two

STERNQ-llYOltf

parts by a vertical ridge

MYLQ-fiYOID
oenio-ryoid/
which
descends along the median line,
and is crossed at right angles by a horizontal ridge, so that this surface is divided
into four spaces or depressions.
At the point of meeting of these two lines is a
prominent elevation, the tubercle. The portion above the horizontal ridge is
directed upwards, and is sometimes described as the superior border.
The

anterior surface gives attachment to the Genio-hyoid in the greater part of its
extent
above, to the Genio-hyo-glossus below, to the Mylo-hyoid, Stylo-hyoid,
;

and aponeurosis

;

(suprahyoid aponeurosis) and between these
to part of the Hyo-glossus.
The posterior surface is smooth, concave, directed
backw^ards and downwards, and separated from the epiglottis by the thyro-hyoid
of the Digastric

;

membrane, and by a quantity of loose areolar tissue. The superior border is
rounded, and gives attachment to the thyro-hyoid membrane, part of the Geniohyo-glossi, and Chondro-glossi muscles.
The inferior border gives attachment,
in front, to the Sterno-hyoid behind, to the Omo-hyoid and to part of the Thyroliyoid, at its junction with the great cornu.
It also gives attachment to the
Levator giandulas thyroideae, when this muscle is present. The lateral surfaces
;

;
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are small, oval, convex facets, covered with cartilage for articulation with the

greater cornua.

The Greater Cornua

{thyro-hyal) project

backwards from the

lateral surfaces

they are flattened from above downwards, diminish in size from
before backwards, and terminate posterioi"ly in a tubercle for the attachment of
the lateral thyro-hyoid ligament. The outer surface gives attachment to the
Hyo-glossus, their upper border to the Middle constrictor of the pharynx, their
lower border to part of the Thyro-hyoid muscle. In youth, the great cornua are
connected to the body by cartilaginous surfaces, and held together by ligaments
in middle life they usually become joined.
The Lesser Cornua (cerato-hyals) are two small, conical-shaped eminences,
attached by their bases to the angles of junction between the body and greater
cornua, and giving attachment by their apices to the stylo-hyoid ligaments.*
The smaller cornua are connected to the body of the bone by a distinct
diarthrodial joint, which usually persists throughout life, but occasionally becomes
ankylosed.
Development. By five centres one for the body, and one for each cornu.
Ossification commences in the body about the eighth month, and in the greater
cornua towards the end of foetal life. Ossification of the lesser cornua commences
of the

body

;

—

some months

:

after birth.

Attachment of Muscles.

— Sterno-liyoid, Thyro-hyoid, Omo-hyoid, aponeurosis

Mylo-hyoid, Genio-hyoid, Genio-hyo-glossus,
Chondro-glossus, Hyo-glossus, Middle constrictor of the pharynx, and occasionally a few fibres of the Inferior lingualis.
It also gives attachment to the
thyro-hyoidean membrane, and the stylo-hyoid, thyro-hyoid, and hyo-epiglottic
ligaments.
of

the

Stylo-hyoid,

Digastric,

—

Surface Form. The hyoid bone can be felt in the receding angle below the chin, and
the finger can be carried along the whole length of the bone to the greater cornu, which
is situated jnst below the angle of the jaw.
This process of bone is best perceived by
making pressure on one cornu and so pushing the bone over to the opposite side, when the
cornu of this side will be distinctly felt immediately beneath the skin. This process of
bone is an important landmark in ligature of the lingual artery.
Surgical Anatomy. The hyoid bone is occasionally fractured, generally from direct
violence, as in the act of garotting or throttling.
The great cornu is the part of the bone
most frequently broken, but sometimes the fracture takes place through the body of the
bone. In consequence of the muscles of the tongue having important connections with
this bone, there is great pain upon any attempt being made to move the tongue, as in
speaking or swallowing.

—

THE THOEAX
The Thorax,

is an osseo-cartilaginous cage, containing and proorgans of respiration and circulation. It is conical in
shape, being narrow above and broad below, flattened from before backwards,
and longer behind than in front. It is somewhat cordiform on transverse section.
Boundaries. The 'posterior surface is formed by the twelve dorsal vertebrae
and the posterior part of the ribs. It is convex from above downwards, and
presents on each side of the middle line a deep groove, in consequence of the
direction backwards and outwards which the ribs take from their vertebral
extremities to their angles.
The anterior surface is flattened or slightly convex,
and inclined forwards from above downwards. It is formed by the sternum and
costal cartilages.
The lateral surfaces are convex they are formed by the ribs,
separated from each other by spaces, the intercostal spaces. These spaces are
eleven in number, and are occupied by the intercostal muscles.
The upper opening of the thorax is reniform in shape, being broader from
side to side than from before backwards.
It is formed by the first dorsal
vertebra behind, the upper margin of the sternum in front, and the first rib on
each side. It slopes downwards and forwards, so that the anterior part of the

tecting the

or Chest,

principal

—

;

*

These ligaments in

many

ossified to a certain extent.

animals are distinct bones, and in

man

are occasionally
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is on a lower level than the posterior.
The antero-posterior diameter is
about two inches. The loiver opening is formed by the twelfth dorsal vertebra
behind, by the twelfth rib at the sides, and in front by the cartilages of the
eleventh, tenth, ninth, eighth, and seventh ribs, which ascend on either side and
form an angle, the subcostal angle, from the centre of which the ensiform cartilage projects.
It is wider transversely than from before backwards.
It slopes
obliquely downwards and backwards so that the cavity of the thorax is much
deeper behind than in front. The Diaphragm closes in the opening forming the
floor of the thorax.
In the female, the thorax differs as follows from the male:
i. Its general
capacity is less. 2. The sternum is shorter. 3. The upper margin of the sternum
is on a level with the lower part of the body of the third dorsal vertebra, whereas
in the male it is on a level with the lower part of the body of the second dorsal
vertebra.
4. The upper ribs are more movable, and so allow a greater enlargement of the upper part of the thorax than in the male.

ring

;

—

The Sternum
The Sterimm (a-Tepvov, the chest) (figs. 190, 191) is a flat, narrow bone, situated
median line of the front of the chest, and consisting, in the adult, of three

in the

portions.

It

has been likened to an ancient sword the upper piece, representthe middle and largest piece, which
is termed the manubriuvi
:

ing the handle,

;

and the inferior
is termed the gladiolus
likened to the point of the sword, is termed the ensiform or
xiphoid appendix. In its natural position its inclination is oblique from above,
downwards and forwards. It is flattened in front, concave behind, broad above,

represents the chief part of the blade,
piece,

which

;

is

becoming narrowed at the point where the first and second pieces are connected
Its average
after which it again widens a little, and is pointed at its extremity.
length in the adult is six inches, being rather longer in the male than in the
;

female.

The First Piece of the sternum, or Manubrium {presternum), is of a somewhat triangular form, broad and thick above, narrow below at its junction
with the middle piece. Its anterior surfaee, convex from side to side, concave
from above downwards, is smooth, and affords attachment on each side to the
In
Pectoralis major and sternal origin of the Sterno-cleido-mastoid muscles.
well-marked bones the ridges
Its posterior surface,

distinct.

side to the Sterno-hyoid

the attachment of these muscles are very
concave and smooth, affords attachment on each

liiTiiting

and Sterno-thyroid muscles.

thickest, presents at its centre the pre-sternal notch

;

The

superior border, the

and on each

side

an oval

directed upwards, backwards, and outwards, for articulation
with the sternal end of the clavicle. The inferior border presents an oval, rough
surface, covered in the recent state with a thin layer of cartilage, for articulation
articular

su.rface,

with the second portion of the bone. The lateral borders are marked above by a
depression for the first costal cartilage, and below by a small facet, which, with
a similar facet on the upper angle of the middle portion of the bone, forms a
notch for the reception of the costal cartilage of the second rib. These articular
surfaces are separated by a narrow, curved edge, which slopes from above downwards and inwards.
The Second Piece of the sternum, or Gladiolus {meso-sternum), considerably
longer, narrower, and thinner than the first piece, is broader below than above.
Its anterior surface is nearly flat, directed upwards and forwards, and marked by
three transverse lines which cross the bone opposite the third, fourth, and fifth
articular depressions. These lines are produced by the union of the four separate
At the
pieces of which this part of the bone consists at an early period of life.
'

junction of the third and fourth pieces is occasionally seen an orifice, the sternal
foramen it varies in size and form in different individuals, and pierces the bone
from before backwards. This surface affords attachment on each side to the
;
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— Sternum and costal cartilages.

STERNO-CLErOO MASTOID

_^

5UBCLAVIUS

Fig. 191.

— Posterior surface of sternum.

;
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The

sternal origin of the Pectoralis major.

posterior surface, shghtly concave, is
but they are less distinct than those in
front this surface affords attachment below, on each side, to the Triangularis
sterni muscle, and occasionally presents the posterior opening of the sternal
foramen. The superior border presents an oval surface for articulation with the
manubrium. The inferior border is narrow, and articulates with the ensiform
appendix. Each lateral border presents, at each superior angle, a small facet,
which, with a similar facet on the manubrium, forms a cavity for the cartilage of
the second rib the four succeeding angular depressions receive the cartilages
of the third, fourth, fifth, and sixth ribs, whilst each inferior angle presents a
small facet, which, with a corresponding one on the ensiform appendix, forms
These articular depressions are
a notch for the cartilage of the seventh rib.
separated by a series of curved interarticular intervals, which diminish in length
from above downwards, and correspond to the intercostal spaces. Most of the
cartilages belonging to the true ribs, as will be seen from the foregoing description, articulate with the sternum at the line oi junction of two of its primitive
component segments. This is well seen in many of the lower animals, where the
separate parts of the bone remain ununited longer than in man.
In this respect
a striking analogy exists between the mode of connection of the ribs with the
vertebral column, and the connection of the costal cartilages with the sternum.
The Third Piece of the sternum, the Ensiform or Xiphoid Appendix {metasternum), is the smallest of the three it is thin and elongated in form, cartilaginous in structure in youth, but more or less ossified at its upper part in the
adult.
Its anterior surface affords attachment to -the chondro-xiphoid hgament
its posterior surface, to some of the fibres of the Diaphragm and Triangularis
sterni muscles
its lateral borders, to the aponeurosis of the abdominal muscles.
Above, it articulates with the lower end of the gladiolus, and at each superior
angle presents a facet for the lower half of the cartilage of the seventh rib
below, by its pointed extremity, it gives attachment to the linea alba. This
portion of the sternum is very various in appearance, being sometimes pointed,
broad and thin, sometimes bifid, or perforated by a round hole, occasionally
curved, or deflected considerably to one or the other side.
Structure.
The bone is composed of delicate cancellous structure, covered by
a thin layer of compact tissue, which is thickest in the manubrium, between the
also

marked by three transverse

lines

;

:

;

;

;

;

—

articular facets for the clavicles.

—

Development. The sternum, including the ensiform appendix, is developed
by six centres one for the first piece or manubrium, four for the second piece
or gladiolus, and one for the ensiform appendix.
Up to the middle of foetal hfe
the sternum is entirely cartilaginous, and when ossification takes place the ossific
granules are deposited in the middle of the intervals between the articular de:

pressions for the costal cartilages, in the following order

between the fifth and sixth months
and seventh months in the fourth
;

;

in the

second and

piece, at the ninth

in the first

:

third,

month

;

piece,

between the sixth
in the fifth, within

and second years after birth and in the
ensiform appendix, between the second and the seventeenth or eighteenth years
by a single centre which inakes its appearance at the upper part, and proceeds
To these may be added the occasional exisgradually dovsmwards (fig. 192).
tence, as described by Breschet, of two small episternal centres, which make
their appearance one on each side of the pre-sternal notch.
They are probably
vestiges of the episternal bone of the monotremata and lizards.
It occasionally
happens that some of the segments are formed from more than one centre, the
number and position of which vary (fig. 194). Thus, the first piece may have
tv/o, three, or even six centres.
When two are present, they are generally
situated one above the other, the upper one being the larger * the second
piece has seldom more than one
the third, fourth, and fifth pieces are often

the

first

year, or betvi^een the first

;

;

;

*

Sir

George

Humphry

states that this

is

'

probably the more complete condition.'
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Fig. 192.

— Development of the sternum, by six centres.
for 1st piece
or viaoiuorium
1

g.e^

)

,„,o»trt

formed from two centres
placed laterally, the irregular union of which

j

serve to explain the
occasional occurrence of
the sternal foramen (fig.
will

'

2)
!'

4

for 2nd piece
or gladiohis

j

3

G-lth

month

'

195), or of the vertical
fissure which occasionally

",

4

9fh month

5

1st

year aftei
birth

^

f'"'

'"''"']
'l^'.ff

cartilage

2nd tomhyectr
"^

J

intersects this part of the

bone, and which is further
explained by the manner
in which the cartilaginous
matrix, in which ossification takes place,

Fig. 193.

page

the

various

the

gladiolus

90).

is

formed

Union
centres

of

of

commences

about puberty, from below,
and proceeds upwards, so
that by the age of twentyfive they are all united, and

KBarely unite,
except in old age

'%

I''!"''

(see

j

Time

bone conone piece (fig. 193).

this portion of
of

Betiueen puberty
union,

and- the

'IStJi

sists of
^

The ensiform cartilage
becomes joined to the
gladiolus about forty. The

year

Soon after iniherty

manubrium

Partly cartilaginous

advanced

is
occasionbut not invariably,
joined to the gladiolus in

ally,

to

life

advanced

Fig. 194.

by bone.
union takes
place, however, it is gene-

When

— Peculiarities.

only superficial, a
of the centre of

rally

for first piece, tivo or more centres

life

this

portion

'

number

for third

sutural

maining

cartilage

Articulations.
for fourth^^

g^ll

^

2,

placed laterally

the

for fifth

re-

u.nossified.

\

of
^

centres

the

for second piece, usually one

In

— With

and seven
cartilages on each

clavicles

costal
side.

0^

Attachmeiit of Muscles.
nine pairs and one
single muscle the Pectoralis major, Sterno-cleidomastoid,
Sterno-hyoid,
Sterno-thyroid,
Triangularis sterni, the aponeuroses of the Obliquus externus, Obliquus internus,
Transversalis, and Rectus
muscles, and Diaphragm.

—To

:

Fig. 195.

And

in

mode of

f);,.,/'

jj

Arrest of developone^it
of lateral jJieces, x^roducing

union

.

Sternal fissure, and
Sternal foramen

The Eibs
The Ribs
arches

of

are

elastic

bone,

which

—
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Fig. 196.—a central rib of

left side

Arbicu.lcoi^joa,i-t

form the chief part
are twelve in

of ta^&^esU^

of the thoracic walls.

number on each

number may be increased by

side

;

They

but this

the development

may be diminished to eleven. The first seven are connected
behind with the spine, and in front with the
sternum, through the intervention of the costal
cartilages
they are called true ribs.
The
of a cervical or

lumbar

or

rib,

;

remaining five are false ribs of these, the first
three have their cartilages attached to the
cartilage of the rib above
the last two are
free at their anterior extremities
they are
termed floating ribs.
The ribs vary in their
direction, the upper ones being less oblique
than those lower down and occupying the
middle of the series. The extent of obliquity
reaches its maximum at the ninth rib, and
gradually decreases from that rib to the twelfth.
The ribs are situated one below the other in
such a manner that spaces are left between
them, which are called intercostal spaces. The
length of these spaces corresponds to the length
of the ribs
their breadth is more considerable
in front than behind, and between the upper
than between the lower ribs. The ribs increase
in length from the first to the seventh, when they
again dimiiiish to the twelfth. In breadth they
decrease from above downwards in the upper
ten the greatest breadth is at the sternal ex;

:

;

BocU^ Of
"shaft

;

;

tremity.

Common

Characters of the Ribs (fig. 196).
of the series should be
taken in order to study the common characters
of the ribs.
Each rib presents two extremities, a posterior

A

rib

from the middle

or vertebral, an anterior or sternal,

vening portion

— the body or

and an

inter-

shaft.

The

posterior or vertebral extremity presents
examination a head, neck, and tuberosity.
The head (fig. 197) is marked by a kidney-shaped

for

articular surface, divided

by a horizontal ridge into two facets

for articulation

with the costal cavity formed by the junction of the bodies of two contiguous
dorsal vertebrae the upper facet is small, the inferior one of larger size the
ridge separating them serves for the attachment of the interarticular ligament.
;

;

;
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that flattened portion of the rib which extends outwards from the
about an inch long, and is placed in front of the transverse process of
the lower of the two vertebrae with which the head articulates. Its anterior surface is flat and smooth, its posterior rough, for the attachment of the middle
costo-transverse ligament, and perforated by numerous foramina, the direction of
which is less constant than those found on the inner surface of the shaft. Of its
two borders the superior presents a rough crest for the attachment of the anterior
On the posterior surcosto-transverse ligament its inferior border is rounded.
facffe of the neck, just where it joins the shaft, and nearer the lower than the
upper border, is an eminence the tuberosity, or tubercle it consists of an

The neck

head

;

is

it is

;

—

and a non-articular portion.

articular

and

;

The

articular portion, ihe

more

inferior of the two, presents a small, oval surface for articulation

internal

with the

extremity of the transverse process of the lower of the two vertebrae to which
The non-articular portion is a rough elevation, which
the head is connected.
The tubercle is
affords attachment to the posterior costo-transverse ligament.

much more prominent

upper than in the lower ribs.
so as to present two surfaces, an external and an
and two borders, a superior and an inferior. The external surface is
internal
convex, smooth, and marked, at its back part, a little in front of the tuberosity,
by a prominent line, directed obliquely from above downwards and outwards
this gives attachment to a tendon of the Ilio-costalis muscle, or of one of its
accessory portions, and is called the angle. At this point the rib is bent in two

The

shaft

is

thin

in the

and

flat,

;

—Vertebral extremity of a

rib.

costo iiamveise ligament

y^Facet for body of

Fig. 197.

For anterior

/^

External surface.
uj)])er

dorsal vertebra

Hidcje for inter articular ligament
Facet for body of lower dorsal vertebra.

""--For middle costo-transverse ligament

For transverse process of lower dorsal
vertebra

For posterior

costo-transverse ligament

directions.
If the rib is laid upon its lower border, it will be seen that the
portion of the shaft in front of the angle rests upon this border, while the portion
of the shaft behind the angle is bent inwards and at the same time tilted upwards.

The interval between the angle and the tuberosity increases gradually from
the second to the tenth rib. The portion of bone between these two parts is
rounded, rough, and irregular, and serves for the attachment of the Longissimus
dorsi muscle.
The portion of bone between the tubercle and sternal extremity
upon its own axis, the external surface looking downwards
upwards in front of it. This surface presents, towards
its sternal extremity, an oblique line, the anterior angle.
The internal surface is
concave, smooth, directed a little upwards behind the angle, a little downwards
in front of it.
This surface is marked by a ridge which commences at the lower
extremity of the head it is strongly marked as far as the inner side of the angle,
and gradually becomes lost at the junction of the anterior with the middle third
of the bone.
The interval between it and the inferior border presents a groove,
subcostal, for the intercostal vessels and nerve.
At the back part of the bone, this
is

also slightly twisted

behind the angle, a

little

;

groove belongs to the inferior border, but just in front of the angle, w-here it is
deepest and broadest, it corresponds to the internal surface. The superior edge
of the groove is rounded
it serves for the attachment of the Internal intercostal
muscle. The inferior edge corresponds to the lower margin of the rib, and gives
attachment to the External intercostal. Within the groove are seen the orifices
of numerous small foramina, which traverse the wall of the shaft obhquely
from before backwards. The superior border, thick and rounded, is marked by
;

'
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an external and an internal lip, more distinct behind than in front they serve
attachment of the External and Internal intercostal muscles.
The
niferior border, thin and sharp, has attached to it the External intercostal
muscle. The anterior or sternal extremity is flattened, and presents a porous,
oval, concave depression, into which the costal cartilage is received.
;

for the

Peculiar Eibs

The

ribs

which require especial consideration are

five in

number

—

viz.

the

second, tenth, eleventh, and twelfth.

first,

Peculiar ribs

Fig.

I

Angle
marked

iglitlij

and

'close to

iuherosUij

I

Hoii^

h'T^

Fig. 200.

^E;'

Single articular facet

I

^^FiG.

m
'

201.

mngle articular facet

Fig. 202.

Single articular face

The

—

(fig. 198) is one of the shortest and the most curved of all the
broad and flat, its surfaces looking upwards and downwards, and its
borders inwards and outwards. The head is of small size, rounded, and presents
only a single articular facet for articulation with the body of the first dorsal

ribs

;

first rib

it is
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The neck is narrow and rounded. The tuberosity, thick and prominent,
on the outer border. There is no angle, but in this situation the rib is
shghtly bent, with the convexity of the bend upwards, so that the head of the
bone is directed downwards. The upper surface of the shaft is marked by two
shallow depressions, separated by a small rough surface for the attachment of
the Scalenus anticus muscle the groove in front of it transmitting the subBetween the groove for the
clavian vein, that behind it the subclavian artery.
subclavian artery and the tuberosity is a rough surface for the attachment of
The tender surface is smooth, and destitute of
the Scalenus medius muscle.
the groove observed on the other ribs. The outer border is convex, thick, and
rounded, and at its posterior part gives attachment to the first serration of the
Serratus magnus the inner is concave, thin, and sharp, and marked about its
centre by the commencement of the rough surface for the Scalenus anticus.
The anterior extremity is larger and thicker than any of the other ribs.
The second rib (fig. 199) is much longer than the first, but bears a very conThe non-articular
siderable resemblance to it in the direction of its curvature.
portion of the tuberosity is occasionally only slightly marked. The anigle is

vertebra.
rests

—

;

and situated close to the tuberosity, and the shaft is not twisted, so that
both ends touch any plane surface upon which it may be laid; but there is a
similar though slighter bend, with its convexity upwards, to that found in the
first rib.
The shaft is not horizontal, like that of the first rib its outer surface,
which is convex, looking upwards and a little outwards. It presents, near the
middle, a rough eminence for the attachment of the second and third digitations
behind and above w4iich is attached the Scalenus
of the Serratus magnus
posticus.
The inner surface, smooth and concave, is directed downwards and a
little inwards
it presents a short groove towards its posterior part.
The tenth rib (tig. 200) has only a single articular facet on its head.
The eleventh and twelfth ribs (figs. 201 and 202) have each a single articular
facet on the head, which is of rather large size they have no neck or tuberosity,
and are pointed at the extremity. The eleventh has a slight angle and a shallow
groove on the low^er border. The twelfth has neither, and is much shorter than
the eleventh, and the head has a slight inclination downwards.
Structure.
The ribs consist of cancellous tissue, enclosed in a thin, compact
slight,

;

;

:

;

—

layer.

—

Development. Each rib, with the exception of the last two, is developed by
one for the shaft, one for the head, and one for the tubercle.
The last two have only tioo centres, that for the tubercle being wanting. Ossification commences in the shaft of the ribs at a very early period, before its
appearance in the vertebrse. The epiphysis of the head, which is of a slightly
angular shape, and that for the tubercle, of a lenticular form, make their
appearance between the sixteenth and twentieth years, and are not united to the
rest of the bone until about the twenty-fifth year.
Attachment of Muscles. To nineteen the Internal and External intercostals.
Scalenus anticus. Scalenus medius. Scalenus posticus, Pectoralis minor, Serratus
magnus, Obliquus externus, Quadratus lumborum. Diaphragm, Latissimus dorsi,
three centres

:

—

:

Serratus posticus superior, Serratu.s posticus inferior, Ilio-costalis, Musculus
accessorius ad ilio-costalem, Longissimus dorsi, Cervicalis ascendens, Levatores

costarum, and Infra-costales.

The Costal Cartilages
The

Costal

Cartilages

which serve

(fig.

190, p. 212)

are bars of white, elastic

hyaline

forward to the front of the chest, and
contribute very materially to the elasticity of its walls.
The first seven are
connected with the sternum, the next three with the lower border of the cartilage
of the preceding rib.
The cartilages of the last two ribs, which have pointed
extremities, float freely in the walls of the abdomen.
Like the ribs, the costal
cartilage,

to prolong the ribs
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and direction. They increase in length
the seventh, then gradually diminish to the last. They diminish
in breadth, as well as the intervals between them, from the first to the last.
They are broad at their attachment to the ribs, and taper towards their sternal
extremities, excepting the first two, which are of the same breadth throughout,
and the sixth, seventh, and eighth, which are enlarged where their margins are
cartilages vary in their length, breadth,

from the

first to

in contact.

In direction they also vary

:

the

first

descends a

little,

the second

is

horizontal, the third ascends slightly, whilst all the rest follow the course of the
ribs for a short extent, and then ascend to the sternum or preceding cartilage.

Each costal cartilage presents two surfaces, two borders, and two extremities.
The anterior surface is convex, and looks forwards and upwards that of the
first gives attachment to the costo-clavicular ligament and the Subclavius muscle
that of the second, third, fomih, fifth, and sixth, at their sternal ends, to the
The others are covered by, and give partial attachment to,
Pectoralis major.*
some of the great flat muscles of the abdomen. The posterior surface is concave,
and directed backwards and downwards, the first giving attachment to the
Sterno-thyroid, and the six or seven inferior "ones affording attachment to the
Transversahs muscle and the Diaphragm. Of the two borders, ih.e superior is
:

;

concave, the inferior convex

:

they afford attachment to the Intercostal muscles,
tlie Pectoralis major muscle.

the upper border of the sixth giving attachment to

The contiguous borders of the sixth, seventh, and eighth, and sometimes the
ninth and tenth, costal cartilages present small, smooth, oblong-shaped facets
at the points where they articulate.
Of the two extremities, the outer one is
continuous with the osseous tissue of the rib to which it belongs. The inner
first is continuous with the sternum
the six succeeding ones
have rounded extremities, which are received into shallow concavities on the
lateral margins of the sternum.
The inner extremities of the eighth, ninth, and
tenth costal cartilages are pointed, and are connected with the cartilage above.
Those of the eleventh and twelfth are free and pointed.
The costal cartilages are most elastic in youth, those of the false ribs being
more so than the true. In old age they become of a deep yellow colour, and are
prone to calcify.
Attachment of Muscles. To nine the Subclavius, Sterno-th^Toid, Pectoralis
major. Internal obhque, Transversahs, Eectus, Diaphragm, Triangularis sterni,

extremity of the

;

—

:

and Internal intercostals.

—

Surface Form. The bones of the chest are to a verj" considerable extent covered by
muscles, so that in the strongly-developed muscular subject they are for the most part
concealed. In the emaciated subject, on the other hand, the ribs, especially in the lower
and lateral region, stand out as prominent ridges with the sunken, intercostal spaces

between them.
In the middle

line, in front, the superficial surface of the sternum is to be felt throughout its entire length, at the bottom of a deep median furrow situated between the two
great pectoral muscles and called the sternal furrow.
These muscles overlap the anterior
surface somewhat, so that the whole of the sternum in its enthe width is not subcutaneous, and this overlapping is greater opposite the centre of the bone than above and
below, so that the fLirrow is wide at its upper and lower part, but narrower in the middle.
The centre of the upper border of the sternum is visible, constituting the presternal
notch, but the lateral parts of this border are obscured by the tendinous origins of the
Sterno-mastoid muscles, which present themselves as oblique tendinous cords, which
narrow and deepen the notch. Lower down on the subcutaneous surface a well-defined
transverse ridge is always to be felt.
This denotes the line of junction of the manubrium
and body of the bone and is a useful guide to the second costal cartilage, and thus to the
identity of any given rib.
The second rib being found, through its costal cartilage, it is
easy to count downwards and find any other. From the middle of the bone the furrow
spreads out, and, exposing more of the sui'face of the body of the sternum, terminates below
in a sudden depression, the infra-sternal depression or jpit of tlie stomach (scrohiculus
cordis), which corresponds to the ensiform cartilage.
This depression lies between the
cartilages of the seventh rib, and in it the ensiform cartilage may be felt.
The sternum
in its vertical diameter presents a general convexitj^ forwards, the most prominent point
of which is at the joint between the manubrium and gladiolus.

*

The

first

and seventh

also, occasionally, give origin to the

same muscle.

2
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On each side of the sternnm the costal cartilages and ribs on the front of the chest
are partially obscured by tlie great pectoral ixiuscle
through which, however, they are to
be felt as ridges, with depressed intervals between them, corresponding to the intercostal
spaces.
Of these spaces, the one between the second and third ribs is the widest, the next
two somewhat narrower, and the remainder, with the exception of the last two, compara;

tively narrow.

The lower border

of the Pectoralis major muscle corresponds to the fifth rib, and below
on the front of the chest, the broad, flat outline of the ribs, as they begin to ascend,
and the more rounded outline of the costal cartilages, are often visible. The lower
boundary of the front of the thorax, the ab domino -thoracic arch, which is most plainly
seen by arching the body backwards, is formed by the ensiform cartilage and the cartilages
of the seventh, eighth, ninth, and tenth ribs, and the extremities of the eleventh and twelfth
this,

ribs or their cartilages.

On

each side of the chest, from the axilla downwards, the flattened external surfaces

may

be defined in the form of oblique ridges, separated by depressions correThe^' are, however, covered by muscles, which obscure
their oiitline to a certain extent in the strongly developed.
Nevertheless, the ribs, with
the exception of the first, can generally be followed over the front and sides of the chest
without difficulty. The first rib, being almost completely covered by the clavicle and
scapula, can only be distinguished in a small portion of its extent.
At the back, the angles
of the ribs form a slightly-marked oblique line, on each side of and some distance from
the vertebral spmes.
This line diverges somewhat as it descends, and external to it is a
broad, convex surface, caused by the projection of the ribs beyond their angles.
Over this
surface, except where covered by the scapula, the individual ribs can be distinguished.
Surgical Anatomy. Malformations of the sternum present nothing of surgical
importance beyond the fact that abscesses of the mediastinum may sometiines escape
through the sternal foramen. Fracture of the sternum is by no means common, owing,
no doubt,' to the elasticity of the ribs and their cartilages which support it like so many
springs.
When broken, it is fi^equentlj^ associated with fracture of the spine, and may be
caused by forcibly bending the body either backwards or forwards until the chin becomes
impacted against the top of the sternum. It may also be fractured by direct violence or
by musciilar action. The fracture usually occurs in the upper half of the body of the bone^
Dislocation of the gladiolus from the manubrium also takes place, and is sometimes
described as a fracture.
The bone being subcutaneous is frequently the seat of gummatous tumours and not
uncommonly is affected with caries. Occasionally the bone, and especially its ensiform
appendix, becomes altered in shape and driven inwards bj^ the pressure,
workmen, of
tools against their chest.
The ribs are frequently broken, though from their connections and shape they are
able to withstand great force, yielding under the injury and recovering themselves like
a spring.
The middle of the series are the ones most liable to fractm-e. The first and
to a less extent the second, being protected by the clavicle, are rarely fractured
and
the eleventh and twelfth on accoimt of their loose and floating condition enjoy a like
immunity. The fracture generally occurs from indirect violence, from forcible compression
of the chest wall, and the bone then gives w&j at its weakest part, i.e. just in front of the
angle.
But the ribs may also be broken by direct violence, when the bone gives way and
is driven inwards at the point struck, or by muscular action.
It seems probable, however,
that in these latter cases the bone has undergone some atrophic changes.
Fracture of
the ribs is frequently complicated with some injury to the viscera contained within the
thorax or upper part of the abdominal cavity, and this is most likely to occur in fractm'es
of the ribs

sponding to the intercostal spaces.

—

;

m

;

from

direct violence.

Fracture ot the costal cartilages

may

also take place,

though

it is

a comparatively rare

injury.

The thorax is frequently found to be altered in shape
The richety thorax is caused chiefly by atmospheric

in certain diseases.
The balance between
pressure.
the air on the inside of the chest and the outside during some stage of respiration is not
equal, the preponderance being in favour of the air outside, and this, acting on the softened
ribs, causes them to be forced in at the junction of the cartilages with the bones, which is
the Aveakest part. In consequence of this the sternum projects forwards, with a deep
depression on either side caused by the sinking in of the softened ribs. The depression
is less on the left side, on account of the ribs being supported by the heart.
The condition
IS known as
pigeon-breast.'
The lower ribs, however, are not involved in this deformity,
as they are prevented fi-om falling in by the presence of the stomach, liver, and spleen.
And when the liver and spleen are enlarged, as they sometimes are in rickets, the lower
ribs may be pushed outwards
this causes a transverse constriction just above the costal
arch.
The anterior extremities of the ribs are usually enlarged in rickets, giving rise to
what has been termed the 'rickety rosary.' The phthisical chest is often long and
narrow, flattened from before backwards, and with great obhquity of the ribs and
projection of the scapulae.
In jndmGnary emjjhysema the chest is enlarged in aU its
diameters, and presents on section an almost circular outline. It has received the name
of the barrel-shaped chest.'
In severe cases of lateral curvature of the s'jpine, the thorax
'

:

'

;
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becomes much djstortecl. In consequence of the rotation of the bodies of the vertebrae,
which takes place in this disease, the ribs opposite the convexity of the dorsal ciu've
become extremely convex behind, being thrown out and bulging, and at the same time
Coincident
flattened in front, so that the two ends of the same rib are almost j)arallel.
with this the ribs on the opposite side, on the concavity- of the curve, are sunk and
depressed behind, and bulging and convex in front. In addition to this the ribs become
occasionally welded together hy bonj^ material.
The ribs are frequently the seat of necrosis leading to abscesses and sinuses, which
may burrow to a considerable extent over the wall of the chest. The only special
anatomical point in connection with these is that care must be taken in dealing with
them, that the intercostal space is not punctured and the pleural cavity opened or the
intercostal vessels wounded.
In cases of empyema the chest requires opening to evacuate the pus. There is
Probably the best
considerable difference of opinion as to the best position to do this.
place in most cases will be foimd to be between the fifth and sixth ribs, in or a little in
This is the last part of the cavity to be closed by the
front of the mid-axillary line.
expansion of the lung it is not thickly covered by soft parts the space between the two
ribs is sufficiently great to allow of the introduction of a fair- sized drainage tube, and the
opening is in a dependent position, when the patient is confined to bed, as he usuaUj'
inclines towards the affected side, so as to allow the sound lung the freest possible play,
and so j^ermits of efficient drainage.
;

;

OF THE EXTEEMITIES
The

appendages of the body
trunk by one end, and free in the rest of their extent.
They are four in number an uiypev or thoracic pair, connected with the thorax
through the intervention of the shoulder, and subservient mainly to prehension
and a loiver pair, connected with the pelvis, intended for support and locomotion.
Both pairs of limbs are constructed after one common type, so that they present
mnnerous analogies while, at the same time, certain differences are observed in
each, dependent on the peculiar of&ces they have to perform.
The bones by which the upper and lower limbs are attached to the trunk are
named respectively the shoulder and pelvic girdles, and they are constructed on
the same general type, though presenting certain modifications relating to the
different uses to which the upper and lower limbs are respectively applied.
The
shoulder girdle is formed by the scapula and clavicle, and is imperfect in front
and behind. In front, however, the girdle is completed by the upper end of the
sternum, with which the inner extremities of the clavicle articulate. Behind,
the girdle is widely imperfect, and the scapula is connected to the trunk by
muscles only. The pelvic girdle is formed by the innominate bones, and is completed in front, through the symphysis pubis, at which the two iniiominate bones
It is imperfect behind, but the intervening gap is
articulate with each other.
filled in by the upper part of the sacrum.
The pelvic girdle therefore presents,
with the sacrum, a complete ring, comparatively fixed, and presenting an arched
form which confers upon it a solidity manifestly intended for the support of
the trunk, and in marked contrast to the lightness and mobility of the shoulder
extremities, or limbs, are those long, jointed

which are connected

to the
:

;

girdle.

With regard

to the

morphology

of these girdles, the blade of the scapula is

but with regard to the clavicles
formerly it was believed that they corresponded to the ossa pubis meeting at the symphysis, but it is now generally
taught that the clavicle has no homologue in the pelvic girdle, and that the os
pubis and ischium are represented by the small coracoid process in man and

generally believed to correspond to the ilium
there

is

some

difference of opinion

:

;

most mammals.

Of the Uppee Extremity
The bones

of the

upper extremity consist of those of the shoulder girdle, of
and the hand. The shoulder girdle consists of two bones,

the arm, the forearm,

the clavicle and the scapula.
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The Clavicle
The Clavicle (clavis, a key), or collar-bone, forms the anterior portion of the
shoulder girdle. It is a long bone, curved somewhat like the italic letter /, and
placed nearly horizontally at the upper and anterior part of the thorax, immeIt articulates by its inner extremity with the upper
diately above the first rib.
border of the sternum, and by its outer extremity with the acromion process of
the scapula; serving to sustain the upper extremity in the various positions
which it assumes, whilst, at- the same time, it allows of great latitude of motion
the conIt presents a double curvature, when looked at in front
in the arm.*
vexity being forwards at the sternal end, and the concavity at the scapular end.
Its outer third is flattened from above downwards, and extends, in the natural
position of the bone, from a point opposite the coracoid process to the acromion.
Its inner two-thirds are of a cylindrical form, and extend from the sternum to a
;

point opposite the coracoid process of the scapula.
External or Flattened Portion. The outer third

—

is flattened from above downwards, so as to present two surfaces, an upper and a lower and two borders,
an anterior and a posterior. The 7y:»|)er surface is flattened, rough, marked by
impressions for the attachment of the Deltoid in front, and the Trapezius behind
between these two impressions, externally, a small portion of the bone is
;

;

subcutaneous. The under surface is flattened. At its posterior border, a little
external to the point where the prismatic joins with the flattened portion, is a
rough eminence, the conoid tubercle this, in the natural position of the bone,
;

surmounts the coracoid process

of the

scapula,

and gives attachment

to

the

conoid ligament. From this tubercle, an oblique line, occasionally a depression,
passes forwards and outwards to near the outer end of the anterior border it is
The
called the oblique line, and affords attachment to the trapezoid ligament.
anterior border is concave, thin, and rough and gives attachment to the Deltoid
it occasionally presents, at its inner end, at the commencement of the deltoid
impression, a tubercle, the deltoid tubercle, which is sometimes to be felt in the
TlYie posterior border is convex, rough, broader than the anterior,
living subject.
and gives attachment to the Trapezius.
The cylindrical portion forms the inner twoInternal or Cylindrical Portion.
It is curved so as to be convex in front, concave behind, and
thirds of the bone.
The anterior border is
is marked by three borders, separating three surfaces.
continuous with the anterior margin of the flat portion. At its commencement
it is smooth, and corresponds to the interval between the attachment of the
at the inner half of the clavicle it forms
Pectoralis major and Deltoid muscles
the lower boundary of an elliptical space for the attachment of the clavicular
portion of the Pectoralis major, and approaches the posterior border of the bone.
The superior border is continuous with the posterior margin of the flat portion,
and separates the anterior from the posterior surface. At its commencement it
is smooth and rounded, becomes rough towards the inner third for the attachment of the Sterno-mastoid muscle, and terminates at the upper angle of the
The posterior or subclavian border separates the posterior
sternal extremity.
from the inferior surface, and extends from the conoid tubercle to the rhomboid
impression. It forms the posterior boundary of the groove for the Subclavius
muscle, and gives attachment to a layer of cervical fascia, covering the Omohyoid muscle. The anterior surface is included between the superior and
It is directed forwards and a little upwards at the sternal end,
anterior borders.
outwards and still more upwards at the acromial extremity, where it becomes
;

;

;

—

;

The

clavicle acts especially as a fulcrum to enable the muscles to give lateral motion
It is accordingly absent in those animals whose fore limbs are used only for
progression, but is present for the most part in those animals whose anterior extremities
are clawed and used for prehension, though in some of them
as, for instance, in a large
*

to the

arm.

—

number

carnivora— it is merely a rudimentary bone suspended among the muscles,
and not articulating either with the scapula or sternum.
of the
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Externally, it is smooth,
continvious with the upper surface of the flat portion.
convex, nearly subcutaneous, being covered only by the Platysma btit, corresponding to the inner half of the bone, it is divided by a more or less prominent
line into two parts a lower portion, elliptical in form, rough, and slightly convex,
for the attachment of the Pectoralis major; and an upper part, which is rough,
;

:

for the

Between the two muscular

attachment of the Sterno-cleido-mastoid.

impressions is a small, subcutaneous interval. The posterior or cervical surface
It is limited,
is smooth, flat, and looks backwards towards the root of the neck.
above, by the superior border below, by the subclavian border internally, by the
margin of the sternal extremity externally, it is continuous with the posterior
border of the flat portion. It is concave from within outwards, and is in relation,
by its lower part, with the suprascapular vessels. This surface, at about the
junction of the inner and outer curves, is also in close relation with the brachial
plexus and subclavian vessels. It gives attachment, near the sternal extremity,
and presents, at or near the middle, a
to part of the Sterno-hyoid muscle
;

;

;

;

Fig. 203.

—Left

clavicle.

Superior surface.
Acromial extremity

Sternal extremitij

Fig. 204.

— Left clavicle.

Inferior surface.

foramen, directed obliquely outwards, which transmits the chief nutrient artery
Sometimes there are two foramina on the posterior surface, or one
of the bone.
on the posterior, the other on the inferior surface. The inferior or subclavian
surface is bounded, in front, by the anterior border behind, by the subclavian
border.
It is narrow internally, but gradually increases in width externally, and
Commencing at the
is continuous with the under surface of the flat portion.
sternal extremity may be seen a small facet for articulation with the cartilage of
the first rib.
This is continuous with the articular surface at the sternal end of
the bone.
External to this is a broad, rough impression, the rhomboid, rather
more than an inch in length, for the attachment of the costo-clavicular (rhomboid)
;

hgament.

The remaining part

of

this surface

groove, the subclavian groove, broad

uneven internally

;

it

and smooth

is

occupied by a longitudinal

externally,

narrow and more

gives attachment to the Subclavius muscle, and, by

its

Not unfrequently this groove
anterior margin, to the costo-coracoid membrane.
is subdivided into two parts by a longitudinal line, which gives attachment to
the intermuscular

septum

of the Subclavius muscle.

"

2
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The internal or sternal extremity of the clavicle is triangular in form, directed
inwards, and a little downwards and forwards and presents an articular facet,
concave from before backwards, convex from above downwards, which articulat's
with the sternum through the intervention of an interarticular fibro-cartilage
circumference of the articular surface is rough, for the attachment of numeroin
The posterior border of this surface is prolonged backwards so as to
ligaments.
increase the size of the articular facet the upper border gives attachment to the
interarticular fibro-cartilage, and the lower border is continuous with the costal
facet on the inner end of the inferior or subclavian surface, which articulates
;

;

i

!

;

with the cartilage of the first rib.
The outer or acromial extremity, directed outwards and forwards, presents a

which looks obliquely downwards,

small, flattened, oval facet,

for articulation

with the acromion process of the scapula. The circumference of the articular
facet is rough, especially above, for the attachment of the acromio-clavicular
ligaments.

and

—

In the female, the
and smoother than in the male.
In those persons who perform considerable manual labour, which brings into
constant action the muscles connected with this bone, it becomes thicker and
more curved, its ridges for muscular attachment become prominently marked,
and its sternal end of a prismatic form. The right clavicle is generally longer,
thicker, and rougher than the left.
Peculiarities of the

Bone

in the Sexes

in Tndividnals.

clavicle is generally shorter, thinner, less curved,

Structure.

— The

shaft, as well as the extremities, consists of cancellous tissue,

invested in a compact layer much thicker in the middle than at either end. The
Prom the experiments of Mr.
clavicle is highly elastic, by reason of its curves.
Ward, it has been shown that it possesses sufficient longitudinal elastic force to
its own weight nearly two feet on a level surface, when a smart blow is
struck on it and sufficient transverse elastic force, opposite the centre of its
This extent of elastic
anterior convexity, to throw its own weight about a foot.
power must serve to moderate very considerably the effect of concussions received
upon the point of the shoulder.
Bevelopment. By two centres one for the shaft, and one for the sternal

project

;

—

:

The centre

appears very early, before any other bone
according to Beclard, as early as the thirtieth day. The centre for the sternal
end makes its appearance about the eighteenth or twentieth year, and unites
with the rest of the bone about the twenty-fifth year.
With the sternum, scapula, and cartilage of the first rib.
Articulations.
Attachment of Muscles. To six the Sterno-cleido-mastoid, Trapezius, Pectoralis major, Deltoid, Subclavius, and Sterno-hyoid.
extremity.

—

for the shaft

—

:

—

Surface Form. The clavicle can be felt throiighout its entire length, even in persons
Commencing at the innei' end, the enlarged sternal extremity, where
are very fat.
the bone projects above the upper margin of the sternum, can be felt, forming with the
sternum and the rounded tendon of the Sterno-mastoid a Y-shaped notcli, the jpresternal
notch. Passing outwards, the shaft of the bone can be felt immediately under the skin,
with its convexity forwards in the inner two-thirds, tlie surface partially obscrn-ed above
and below by the attachments of the Sterno-mastoid and Pectoralis major ixiuscles. In
the outer third it forms a gentle curve backwards, and terminates at the outer end in a
somewhat enlarged extremity which articulates with the acromial process of the scapula.

who

direction of the clavicle is almost, if not quite, horizontal when the arm is lying
quietly by the side, though in well-developed subjects it may incline a little upwards at
its outer end.
Its direction is, however, very changeable with the varying movements of

The

the shoulder -joint.

—

Surgical Anatomy. The clavicle is the most frequently broken of any single bone in
This is due to the fact that it is nmch exposed to violence, and is the only
bony connection between the upper limb and the truirk. The bone, moreover, is slender,
and is very superficial. The bone may be broken by direct or indirect violence, or by
muscular action. The most common cause is, however, from indirect violence, and the
bone then gives way at the junction of the outer with the inner two-thirds of the bone
that is to say, at the junction of the two curves, for this is the weakest part of the bone.
The fracture is generally oblique, and the displacement of the fragments is inwards, away
the body.
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from the surface of the body, hence compound fracture of the clavicle is of rare occurrence.
Beneath the bone the main vessels of the upper limb and the great nerve-cords of the
especially in
brachial plexus lie on the first rib and are liable to be wounded in fracture
fi-acture from direct violence, when the force of the blow drives the broken ends inwards.
Fortunatel}^ the subclavius muscle is interposed between these structures and the clavicle,
and this often protects them from injury.
The clavicle is not uncommonly the seat of sarcomatous tumours, rendering the operaThis is an operation of considerable difficulty
tion of excision of the entire bone necessary.
and danger. It is best performed by exposing the bone freely, disarticulating at the
acromial end, and turning it inwards. The removal of the outer part is comparatively
easy, but resection of the inner part is fraught with difiiculty, the main danger being the
risk of wounding the great veins which are in relation with its under surface.
;

The Scapula
The Scapula {a-Kairavq, a spade) forms the back part of the shoulder gh^dle. It
a large, flat bone, triangular in shape, situated at the posterior aspect and side
of the thorax, between the second and seventh or sometimes the eighth ribs, its
posterior border or base being about an inch from, and nearly, but not quite
is

parallel with, the spinous processes of the vertebrae, so that it is rather closer to
It presents for examination two surfaces, three borders,

them above than below.
and three angles.

The anterior surface, or venter (fig. 205), presents a broad concavity, the suhscapular fossa. It is marked, in the posterior two-thirds, by several obhque
the anterior
ridges, which pass from behind obhquely outwards and upwards
third is smooth.
The obhque ridges give attachment to the tendinous intersections, and the surfaces between them to the fleshy fibres, of the Subscapularis
muscle. The anterior third of the fossa, which is smooth, is covered by, but does
;

The venter is separated from
to, the fibres of this muscle.
the posterior border by a smooth, triangular margin at the superior and inferior
angles, and in the interval between these by a narrow edge which is often
deficient.
This marginal surface affords attachment throughout its entire extent

not afford attachment

to the Serratus

magnus muscle.

The subscapular

fossa presents a transverse

to be bent on itself, forming
depression at its
a considerable angle, called the subscajmlar angle, thus giving greater strength
while the summit of the arch
to the body of the bone from its arched form
It is in this situation that
process.
acromion
spine
and
serves to support the
the fossa is deepest so that the thickest part of the Subscapularis muscle hes in

upper

part,

where the bone appears
;

;

a line perpendicular to the plane of the glenoid cavity,

and must consequently

operate most effectively on the head of the humerus, which

is

contained in that

cavity.

dorsum (fig. 206), is arched from above downwards,
from side to side. It is subdivided unequally
and
convex
alternately concave
into two parts by the sjnne the portion above the spine is called the supraspinous
fossa, and that below it the infraspinous fossa.
The supraspinous fossa, the smaller of the two, is concave, smooth, and
broader at the vertebral than at the humeral extremity. It affords attachment
by its inner two-thirds to the Supraspinatus muscle.

The

posterior surface, or

;

The infraspinous fossa is much larger than the preceding; towards its
vertebral margin a shallow concavity is seen at its upper part its centre presents
a prominent convexity, whilst towards the axillary border is a deep groove which
runs from the upper towards the lower part. The inner two-thirds of this sur;

muscle; the outer third is only
covered by it, without giving origin to its fibres. This surface is separated from
the axillary border by an elevated ridge, which runs from the lower part of^ the
glenoid cavity, downwards and backwards to the posterior border, about an inch
above the inferior angle. The ridge serves for the attachment of a strong
aponeurosis, which separates the Infraspinatus from the two Teres muscles.
The surface of bone between this line and the axillary border is narrow in the

face affords attachment

to the Infraspinatus

Q
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upper two-thirds of its extent, and traversed near its centre by a groove for th(;
passage of the dorsalis scapulae vessels it affords attachment to the Teres minoi
Its lower third presents a broader, somewhat triangular surface, which giv<origin to the Teres major, and over which the Latissimus dorsi ghdes sometimtthe latter muscle takes origin by a few fibres from this part. The broad and
narrow portions of bone above alluded to are separated by an obhque hne, which
runs from the axillary border, downwards and backwards, to meet the elevated
ridge: to it is attached the aponeurosis separating the two Teres muscles from
;

;

each other.
Fig. 2o5.^Left scapula.

Anterior surface, or venter.

0.:

The Spine

which crosses obliquely the inner
the scapula at its upper part, and separates the
supra- from the infra-spinous fossa it commences at the vertebral border by a
smooth, triangular surface over which the Trapezius glides, separated from the
bone by a bursa and, gradually becoming more elevated as it passes forwards,
terminates in the acromion process, which overhangs the shoulder-joint. The
is

a prominent plate of bone,

dorsum

four-fifths of the

of

:

'

spine

is

;

triangular,

and flattened from above downwards,

its

apex corresponding
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base (which is directed outwards) to the neck of the
two surfaces and three borders. Its S2iperior surface is
in forming the supraspinous fossa, and affords attachment to

to the posterior border, its

scapula.

It presents

concave, assists
Its inferior surface forms part of the infrapart of the Supraspinatus muscle.
spinous fossa, gives origin to part of the Infraspinatus muscle, and presents near
its

centre the orifice of a nutrient canal.

Fig. 206.

—Left scapula.

Of the three borders, the anterior

is

Posterior surface, or dorsum.

cf'o^

^fio r

attached to the dorsum of the bone the'jJOS/Jer/or, or crest of the spine, is broad,
apd presents tw^o lips and an intervening rough interval. To the superior lip is
attached the Trapezius, to the extent shown in the figure. A rough tubercle is
generally seen occupying that portion of the spine which receives the insertion
To the, inferior lip, throiighout
of the middle and inferior fibres of this muscle.
its whole length, is attached the Deltoid.
The interval between the. lips is also
partly covered by the fibres of these muscles.
The external borcler, or base, the
;

;

2
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shortest of the three, is shghtly concave, its edge thick and round, continuous
above with the under surface of the acromion process, below with the neck of
the scapula. The narrow portion of bone external to this border, and separating
it from the glenoid cavity, is called the (jreat scajmlai' notch, and serves to connect
the supra- and infra-spinous fossse.
The Acromion Process, so called from forming the summit of the shoulder

summit w/^o?, the shoitlder) is a large and somewhat triangular pi-ocess,
from behind forwards, directed at first a little outwards, and then
curving forwards and upwards, so as to overhang the glenoid cavity. Its iqjper
surface, directed upwards, backwards, and outwards, is convex, rough, and gives
attachment to some fibi-es of the Deltoid, and in the rest of its extent it is
subcutaneous. Its under surface is smooth and concave. Its outer harder is
thick and irregular, and presents three or four tubercles for the tendinous origins
(a/c/301/,

a

;

,

flattened

of

Deltoid muscle.

the

Its inner margin, shorter

than the outer,

is

concave,

and presents about its
centre a small, oval surface for articulation with the acromial end of the
Its apex, which corresponds to the point of meeting of these two
clavicle.
borders in front, is thin, and has attached to it the coraco-acromial hgament.
Of the three borders or costae of the scapula, the stiperior is the shortest and
gives attachment to a portion of the Trapezius muscle,

concave, terminating at

inner extremitj^ at the superior angle,
At its outer part is a deep,
semicircular notch, the suprascapular, formed partly by the base of the coracoid
This notch is converted into a foramen by the transverse ligament,
process.
thinnest

at its

;

it is

its

outer extremity at the coracoid process.

and serves

for the

The adjacent margin

passage of the suprascapular nerve.

of

The external,
the superior border affords attachment to the Omo-hyoid muscle.
or axillary, border is the thickest of the three. It commences above at the lower
and inclines obliquely downwards and backwards
Immediately below the glenoid cavity is a rough impression (the infra-glenoid tubercle), about an inch in length, which affords attachment
to the long head of the Triceps muscle
to this succeeds a longitudinal groove,
which extends as far as its lower third, and affords origin to part of the
Subscapularis muscle. The inferior third of this border, w^hich is thin and sharp,
serves for the attachment of a few fibres of the Teres major behind and of the

margin

of the glenoid cavity,

to the inferior angle.

;

Subscapularis in front. The internal, or vertebral, border, also named the base,
the longest of the three, and extends from the superior to the inferior angle of
the bone. It is arched, intermediate in thickness between the superior and the

is

and the x^ortion of it above the spine is bent considerably
outwards, so as to form an obtuse angle with the lower part. The vertebral
border presents an anterior lip, a posterior lip, and an intermediate space. The
anterior lip affords attachment to the Serratus magnus
the posterior lip, to the
Supraspinatus above the spine, the Infraspinatus below the interval between
the two lips, to the Levator anguli scapulae above the triangular surface at the
commencement of the spine, the Ehomboideus minor to the edge of that surface
the Ehomboideus major being attached by means of a fibrous arch, connected
above to the lower part of the triangular surface at the base of the spine, and
below to the lower part of the posterior border.
Of the three angles, the superior, formed by the junction of the superior and
internal borders, is thin, smooth, rounded, somewhat inclined outwards, and
gives attachment to a few fibres of the Levator anguli scapulae muscle.
The
inferior angle, thick and rough, is formed by the union of the vertebral and
axillary borders, its outer surface affording attachment to the Teres major and
occasionally a few fibres of the Latissimus dorsi.
The anterior angle is the
thickest part of the bone, and forms what is called the head of the scapula.
The
head presents a shallow, pyriform, articular surface, the glenoid cavity (yXyvrj,, a
socket), whose longest diameter is from above downwards, and its direction
outwards and forwards. It is broader below than above at its apex is a shght
impression (the supra-glenoid tubercle), to which is attached the long tendon of
external borders,

;

;

;

;
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It is covered with cartilage in the recent state
and its
the Biceps muscle.
margins, slightly raised, give attachment to a fibro-cartilaginoiis structure, the
The nech of the scapula is
glenoid ligament, by which its cavity is deepened.
the slightly depressed surface which surrounds the head it is more distinct on
In the latter
the posterior than on the anterior surface, and below than above.
situation it has, arising from it, a thick prominence, the coracoid process.
The Coracoid Process, so called from its fancied resemblance to a crow's beak
{Kopai, a crozo), is a thick, curved process of bone, which arises by a broad base
from the upper part of the neck of the scapula it is directed at first upwards
;

;

;

then, becoming smaller, it changes its direction, and passes
and inwards
forwards and outwards. The ascending portion, flattened from before backwards,
presents in front a smooth, concave surface, over which passes the Subscapularis
muscle. The horizontal portion is flattened from above downwards its upper
;

;

Fig. 207.

— Plan of the development of the scapula.

By

seven centres.

1

for votehral
border

'iUriof

The epiphyses
years,

(except one for the coracoid process) appear from fifteen to seventeen
and unite between twenty-two and twenty-five years of age.

is convex and irregular, and gives attachment to the Pectoralis minor
under surface is smooth its inner border is rough, and gives attachment to
the Pectoralis minor
its outer border is also rough for the coraco-acromial
ligament, while the apex is embraced by the conjoined tendon of origin of the
short head of the Biceps and of the Coraco-brachialis and gives attachment to
the costo-coracoid ligament.
At the inner side of the root of the coracoid
process is a rough impression for the attachment of the conoid ligament and
running from it obliquely forwards and outwards, on the upper surface of the
horizontal portion, an elevated ridge for the attachment of the trapezoid liga-

surface

its

;

;

;

ment.

— In

Structure.
the scapula is

the head, processes, and all the thickened parts of the bone,
of cancellous tissue, while in the rest of its extent it is

composed
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The centre and upper part
of a thin layer of dense, compact tissue.
dorsum, but especially the former, are usually so thin as to be semi-transparent occasionally the bone is found wanting in this situation, and the adjacent
muscles come into contact.
Development (fig. 207). By seven centres one for the body, two for the
coracoid process, two for the acromion, one for the vertebral border, and one for
composed
of the

;

—

;

the inferior angle.

body of the scapula commences about the second month
by the formation of an irregular quadrilateral plate of bone,
immediately behind the glenoid cavity. This plate extends itself so as to form
the chief part of the bone, the spine growing up from its posterior surface about
At birth, the chief part of the scapula is osseous, only the
the third month.
coracoid and acromion processes, the posterior border, and inferior angle being
About the first year after birth, ossification takes place in the
cartilaginous.
middle of the coracoid process, which usually becomes joined with the rest of
the bone at the time when the ather centres make their appearance. Between the
fifteenth and seventeenth years, ossification of the remaining centres takes place
first, near the base of the
in quick succession, and in the following order
acromion and in the root of the coracoid process, the latter appearing in the form
secondly, in the inferior angle and contiguous part of the
of a broad scale
thirdly, near the extremity of the acromion
posterior border
fourthly, in the
posterior border.
The acromion process, besides being formed of two separate
nuclei, has its base formed by an extension into it of the centre of ossification
which belongs to the spine, the extent of which varies in different cases. The
two separate nuclei unite, and then join ^^ith the extension carried in from the
spine.
These various epiphyses become joined to the bone between the ages
of twenty-two and twenty-five years.
Sometimes failure of union between the
acromion process and spine occurs, the junction being effected by fibrous tissue,
or by an imperfect articulation
in some cases of supposed fracture of the
acromion with ligamentous union, it is probable that the detached segment was
never united to the rest of the bone. Very often, in addition to these, a minute
epiphysis appears at the margin of the glenoid cavity.
Articulations.
With the humerus and clavicle.
Attachment of Muscles. To seventeen to the anterior surface, the SubOssification of the

of

foetal

life,

:

;

;

;

;

—

scapularis

Deltoid

;

—

:

posterior surface, Supraspinatus, Infraspinatus
superior border, Omo-hyoid
vertebral border,
;

;

;

spine, Trapezius,
Serratus magnus.

Levator anguli scapulae, Ehomboideus minor and major; axillary border. Triceps,
Teres minor, Teres major glenoid cavity, long head of the Biceps coracoid pro;

;

cess, short

head

of the Biceps, Coraco-brachialis, Pectoralis

inferior angle occasionally a

—

few

fibres of the

minor

;

and

to the

Latissimus dorsi.

Surface Form. The only parts of the scapula which are truly subcutaneous are the
spine and acromion process, but, in addition to these, the coracoid process, the internal or
vertebral border and inferior angle, and, to a less extent, the axillary border, may be defined.
The acromion process and spine of the scapula are easily felt throughout their entire length,
forming, with the clavicle, the arch of the shoulder. The acromion can be ascertained to
be connected to the clavicle at the acromio- clavicular joint by running the finger along
it, its position being often indicated by an irregularity or bony outgrowth from the clavicle
close to the joint.
The acromion can be felt forming the point of the shoulder, and from,
this can be traced backwards to join the spine of the scapula.
The place of junction is
usually denoted by a jprominence, which is sometimes called the angle. From here the
spine can be felt as a prominent ridge of bone, marked on the surface as an oblique
depression, which becomes less and less distinct and terminates a httle external to the
spmous processes of the vertebrie. Its termination is usually indicated by a slight dimple
in the skin, on a level with the interval between the third and fourth dorsal spines.
Below
this point the vertebral border of the scapula may be traced, running downwards and
outwards, and thus diverging from the vertebral spines, to the inferior angle of the bone,
which can be recognised, although covered by the Latissimus dorsi muscle. From this
angle the axiUary border can usually be traced through its thick muscular covering,
forming, with the muscles, the posterior fold of the axiUa. The coracoid process may be
felt about an inch below the junction of the
middle and outer third of the clavicle. Its
^
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position is indicated on the surface of the body hy a shght depression, which corresponds
When the arms are
to the interval between the Pectorahs major and Deltoid muscles.
hanging by the side, the upper angle of the scapula corresponds to the upper border of the
second rib or the interval between the first and second dorsal spines, tlie inferior angle
to the upper border of the eighth rib or the interval between the seventh and eighth dorsal
spines.

—

Surgical Anatomy. Fractm-es of the body of the scapula are rare, owing to the mobility
of the bone, the thick layer of muscles by which it is encased on both surfaces, and the
elasticity of the ribs on which it rests.
Fracture of the neck of the bone is also uncommon.

The most frequent course of the fracture is from the suprascapular notch to the infraglenoid tubercle, and it derives its principal interest from its simulation to a subglenoid
dislocation of the humerus.
The diagnosis can be made by noting the alteration in the
position of the coracoid process.
A fractixre of the neck external to and not including the
coracoid process is said to occur, but it is exceedingly doubtful whether such an accident
ever takes place.
The acromion process is more frequently broken than any other part of
the bone, and there is sometimes, in young subjects, a separation of the epi^Dhysis. It is
believed that many of the cases of supjjOsed fracture of the acromion, with fibrous union,
which have been found on post-mortem examination are really cases of imperfectly united
epiphysis.
Sir Astley Coox^er believed that most fractures of this bone united by fibrous
tissue, and the cause of this mode of union was the difficulty there was in keeping the
fractured ends in constant apposition.
The coracoid process is occasionally broken off,
either from direct violence or, perhaps rarely, fi'om muscular action.
Tmiiours of various kinds grow from the scapula. Of the innocent form of tumours
probably the osteomata are the most common. When this grows from the venter of the
scapula, as it sometimes does, it is of the compact variety, such as usually grows from
membrane -formed bones, as the bones of the skull. This would appear to afford evidence
that this portion of the bone is formed from membrane, and not like the rest of the bone
from cartilage. Sarcomatous tumours sometimes grow from the scapula and may necessitate
removal of the bone, with or without amputation of the upper limb. The bone may be
excised by a
incision, and the flaps being reflected, the removal is commenced from the
posterior or vertebral border, so that the subscapular vessels which lie along the axillary
border are among the last structures divided, and can be at once secured.

T

The Humerus
The Humerus is the longest and largest bone of the upper extremity it
presents for examination a shaft and two extremities.
The Upper Extremity is the largest part of the bone it presents a rounded
hsad, joined to the shaft by a constricted portion, called the neck, and two other
;

;

eminences, the greater and lesser tuberosities, (fig. 208).
The head, nearly hemispherical in form,* is directed upwards, inwards, and a
its surlittle backwards, and articulates with the glenoid cavity of the scapula
face is smooth, and coated with cartilage in the recent state. The circumference
of its articular surface is slightly constricted, and is termed the anatomical neck,
The
in contradistinction to the constriction which exists below the tuberosities.
latter is called the surgical neck, from its being most frequently the seat of
fracture. It should be remembered, however, that fracture of the anatomical neck
;

does sometimes, though rarely, occur.
The anatomical neck is obliquely directed, forming an obtuse angle with the
shaft.
It is more distinctly marked in the lower half of its circumference than
in the upper half, where it presents a narrow groove, separating the head from
the tuberosities.
Its circumference affords attachment to the capsular ligament,

and

is perforated by numerous vascular foramina.
The greater tuberosity is situated on the outer side of the head and lesser
tuberosity.
Its upper surface is rounded and marked by three flat facets,

separated by two slight ridges the superior facet giv,es attachment to the tendon
Supraspinatus the middle one to the Infraspinatus the inferior facet,
and the shaft of the bone below it, to the Teres minor. The outer surface of
:

of the

*

;

Though the head is nearly hemispherical
Its
is by no means a true circle.

has shown,

;

in form, its margin, as Sir G. Humphry
measurement is, fi^om the top of

gi'eatest

the bicipital groove in a direction downwards, inwards, and backwards. Hence it foUows
that the greatest elevation of the arm can be obtained by rolling the articular surface in
this direction
that is to say, obliquely upwards, outwards, and forwards.

—
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Fig. 208.

—Left hiinierus.

Anterior view,

cavity

Svpinator radii lorcgus

Ejittnsor carpi radialis
longior

Cotnmon origin of
Flexor carpi radialis
Palmaris longus
Flexor suhlimis digitorum
Flexor carpi uhiaris

Common origin
^

of

Extensor carpi rad. brev.
„ communis digitorum
„

')ninimi digiti

„

carpi ulnaris

Supinator brevis
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and continuoiis with the outer

side of the

shaft.

The
it is

lesser tuberosity is

more prominent, although smaller, than the greater
and is directed inwards and forwards. Its
:

situated in front of the head,

summit presents a prominent facet for the insertion of the tendon of the Subscapularis muscle.
The tuberosities are separated from one another by a deep
gi'oove, the bicipital groove, so called from its lodging the long tendon of the
Biceps muscle, with which runs ar branch of the anterior circumflex artery. It
commences above between the two tuberosities, passes obliquely downwards and
a little inwards, and terminates at the junction of the upper with the middle
third of the bone.
It is deep and narrow at the commencement, and becomes
shallow and a little broader as it descends. Its borders are called, respectively,

and posterior bicipital ridges, and form the upper part of the anterior
and internal borders of the shaft of the bone. In the recent state it is covered
with a thin layer of cartilage, lined by a prolongation of the synovial membrane
of the shoulder- joint, and receives the tendon of insertion of the Latissimus dorsi
the anterior

muscle.

The Shaft of the humerus is almost cylindrical in the upper half of its extent,
prismatic and flattened below, and presents three borders and three surfaces for
examination.
The anterior border runs from the front of the gTeat tuberosity above to the
coronoid depression below, separating the internal from the external surface. Its
upper part is very prominent and rough, and forms the outer lip of the bicipital
groove.
It is sometimes called the anterior bicipital ridge, and serves for the
attachment of the tendon of the Pectoralis major. About its centre it forms the
anterior boundary of the rough deltoid impression
below, it is smooth and
rounded, affording attachment to the Brachialis anticus.
The external border runs from the back part of the greater tuberosity to the
;

external condyle,

and separates the external from the posterior

rounded and indistinctly marked

in its

upper

half, serving for the

surface.

It is

attachment of

Teres minor, and below this of the external
is traversed' by a broad but shallow,
oblique depression, the musculo-spiral groove its lower part is marked by a
prominent, rough margin, a little curved from behind forwards, the external
condyloid ridge, which presents an anterior lip for the attachment of the Supinator
longus above, and Extensor carpi radialis longior below, a posterior lip for the
Triceps, and an interstice for the attachment of the external intermuscular
septum.
The internal border extends from the lesser tuberosity to the internal condyle.
Its upper third is marked by a prominent ridge, forming the posterior lip of the
bicipital groove, and gives attachment to the tendon of the Teres major.
About
its centre is a rough ridge for the attachment of the Coraco-brachialis, and just
below this is seen the entrance of the nutrient canal, directed downwards. Sometimes there is a second canal situated at the commencement of the musculospiral groove for a nutrient artery derived from the superior profunda branch of
the brachial artery.
The inferior third of this border is raised into a slight ridge,
the internal condyloid ridge, which becomes very prominent below it presents
an anterior lip for the attachment of the Brachialis anticus, a posterior lip for the
internal head of the Triceps, and an intermediate space for the internal intermuscular septum.
The external surface is directed outwards above, where it is smooth, rounded,
and covered by the Deltoid muscle forwards and outwards below, where it is
slightly concave from above downwards, and gives origin to part of the Brachialis
anticus muscle.
About the middle of this surface is seen a rough, triangular
impression for the insertion of the Deltoid muscle and below it the musculothe lower part of the insertion
head of the Triceps muscle
;

of the
its

centre

;

;

;

;

groove, directed obliquely from behind, forwards, and downwards,
transmitting the musculo-spiral nerve and superior profunda artery.
spiral

and

1
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Fig. 209.

— Left humerus.
surface.

Posterior

The

internal surface, less extensive

than the external, is directed inwards
above, forwards and inwards below
at
its upper part it is narrow, and forms the
floor of the bicipital groove
to it is
attached the Latissimus dorsi.
Thf
middle part of this surface is slight
rough for the attachment of some of the
fibres of the tendon of insertion of the
Coraco-brachialis
its
lower part is
smooth, concave, and gives attachment
to the Brachialis anticus muscle.*
;

:

^^%.

I

;

The

posterior surface

(fig.

209) ap-

pears somewhat twisted, so that its
upper part is directed a little inwards,
its lower part backwards and a little
outwards.
Nearly the whole of this
surface is covered by the external and
internal heads of the Triceps, the former
of which is attached to its upper and
outer part, the latter to its inner and
back part, the two being separated by
the musculo-spiral groove.

The Lower Extremity
from

is

flattened

backwards, and curved
slightly forwards
it terminates below

'%

before

;

m

broad, articular surface, which is
divided into two parts by a slight ridge.
Projecting on either side are the external

in a
\i

and internal condyles

The

{epicondyles).

articular surface extends a little

lower

than the condyles, and is curved slightly
forwards, so as to occupy the more ante-

^

^

C
V-i

Drfu

J'O lJ/ 1

* A small, hook-shaped process of bone,
varyiBg fi'om j-ij to f of an inch in length, is
not unfrequently found projecting from the
inner surface of the shaft of the humerus
two inches above the internal condyle. It is
cm'ved downwards, forwards, and inwards,
and its pointed extremity is connected to the
mternal border, just above the mner condyle,
by a ligament or fibrous band, completing an
arch, through which the median nerve and

brachial artery pass, when these structures
deviate from then* usual course.
Sometimes
the nerve alone is transmitted through it,
or the nerve may be accompanied by the
ulnar artery, in cases of high division of the
brachial.
A well-marked groove is usually
found behind the process,, in which the nerve
and artery are lodged. This space is analogous to the supra condyloid foramen in many
animals, and probably serves in them to protect the nerve and artery from compression
during the contraction of the muscles in this
region.
A detailed account of this process
is given by Dr. Struthers, in his Anatomical
and Physiological Observations, p. 202. An
accessory portion of the Coraco-brachialis
muscle is frequently connected with this process, according to Mr. J. Wood, Journal of

Anat. and Phy's. No.

i,

Nov. 1866,

p. 47.
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bone its greatest breadth is in the transverse diameter, and it is
obhquely directed, so that its inner extremity occupies a lower level than the outer.
The outer portion of the articular surface presents a smooth, rounded eminence,
which has received the name of the capitellum, or radial head of the humerus
it articulates with the cup-shaped depression on the head of the radius, and is
limited to the front and lower part of the bone, not extending as far back as the
rior part of the

;

;

other portion of the articular surface. On the inner side of this eminence is a
shallow groove, in which is received the inner margin of the head of the radius.
Above the front part of the capitellum is seen a slight depression, which receives
The
the anterior border of the head of the radius, when the fore-arm is flexed.
inner portion of the articular surface, the trochlear, presents a deep depression
between two well-marked borders. This surface is convex from before backwards, concave from side to side, and occupies the anterior, lower, and posterior
The external border, less prominent than the internal, correparts of the bone.
sponds to the interval between the radius and the ulna. The internal border
is thicker, more prominent, and consequently of greater length, than the external.
The grooved portion of the articular surface fits accurately within the greater
sigmoid cavity of the ulna it is broader and deeper on the posterior than on the
anterior aspect of the bone, and is inclined obliquely from behind forwards, and
from without inwards. Above the front part of the trochlear surface is seen a
smaller depression, the coronoid fossa, which receives the coronoid process of the
ulna during flexion of the fore-arm. Above the back part of the trochlear surface
is a deep, triangular depression, the olecranon fossa, in which is received the
summit of the olecranon process in extension of the forearm. These fossge are
separated from one another by a thin, transparent lamina of bone, which is
sometimes perforated, forming the supratrochlear foramen their upper margins
afford attachment to the anterior and posterior ligaments of the elbow-joint, and
they are lined, in the recent state, by the synovial membrane of this articulation.
The articular surfaces, in the recent state, are covered with a thin layer of
cartilage. The external condyle (radial epicondijle) is a small, tubercular eminence,
less prominent than the internal, curved a little forwards, and giving attachment
to the external lateral ligament of the elbow-joint, and to a tendon common to
the origin of some of the extensor and supinator muscles.
The internal condyle
[ulnar epicondyle), larger and more prominent than the external, is directed a
little backwards
it gives attachment to the internal lateral ligament, to the
Pronator radii teres, and to a tendon common to the origin of some of the flexor
muscles of the forearm. The ulnar nerve runs in a groove at the back of the
internal condyle, or between it and the olecranon process.
These eminences
are directly continuous above with the external and internal borders
i.e. the
external and internal condyloid ridges.
The great prominence of the inner one
renders it more liable to fracture.
Structare.
The extremities consist of cancellous tissue, covered with a thin,
compact layer the shaft is composed of a cylinder of compact tissue, thicker
at the centre than at the extremities, and hollowed out by a large medullary canal,
which extends along its whole length.
Development. By seven, or occasionally eight centres (fig. 210) one for the
shaft, one for the head, one for the tuberosities, one for the radial head, one for
the trochlear portion of the articular surface, and one for each condyle. The
nucleus for the shaft appears near the centre of the bone in the eighth week, and
soon extends towards the extremities. At birth the humerus is ossified nearly
in its whole length, the extremities remaining cartilaginous.
During the first
year, sometimes earher, ossification commences in the head of the bone, and
during the third year the centre for the tuberosities makes its appearance,
usually by a single ossific point, but sometimes, according to Beclard, by one for
each tuberosity, that for the lesser being small, and not appearing until the fifth
year.
By the sixth year the centres for the head and tuberosities have enlarged
;

;

:

—

—

;

—

and become joined, so as

:

to

form a single large epiphysis.
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The lower end

of the

humerus

is

developed in the following manner

the end of the second year ossification

commences

:

— At

in the radial portion of the

and from this point extends inwards, so as to form the chief
part of the articular end of the bone, the centre for the inner part of the articuLiisurface not appearing until about tillarticular siu^face,

—

Plan of the development of the
humerus. By seven centres.

Fig. 2IO.

Ejnjjhyses of head ami,
tuberosities blend at
fiftJi' year, and unite
with shaft at twen-

y^

V

tieth year

age

twelve.

of

mences

Ossification

com-

condyle about
the fifth year, and in the external one
not until about the thirteenth or fourteenth year. About sixteen or seventeen years, the outer condyle and both
portions of the articulating surface
(having already joined) unite w'ith the
shaft; at eighteen years the inner
condyle becomes joined, whilst the
upper epiphysis, although the first
formed, is not united until about the
twentieth year.
in the internal

Articulations.

— With

the

glenoid

cavity of the scapula, and with the

ulna and radius.

Attachment of Muscles.
four

— To

tw-

enty'^

the gi'eater tuberosity, the
Supraspinatus,
Infraspinatus,
and
Teres minor to the lesser tuberosity,
the Subscapularis
to the anterior
bicipital ridge, the Pectoralis major;
to the posterior bicipital ridge, the
Teres major to the bicipital groove,
the Latissimus dorsi to the shaft, the
:

to

;

;

Unites ivith shaft
^i
at eighteenth yea.ri'<
)

;

;

Deltoid, Coraco-brachialis, Brachialis
anticus, external

the Triceps

;

and internal heads

of

to the internal condyle,

the Pronator radii teres, and common
tendon of the Flexor carpi radialis, Palmaris longus. Flexor sublimis digitorum,
and Flexor carpi ulnaris to the external condyloid ridge, the Supinator longus,
and Extensor carpi radialis longior to the external condyle, the common tendon
of the Extensor carpi radialis brevior, Extensor communis digitorum, Extensor
minimi digiti, Extensor carpi ulnaris, and Supinator brevis to the back of the
external condyle, the Anconeus.
;

;

;

—

Surface Form. The humerus is almost entirely clothed by the muscles which surround
and the only parts of this bone which are strictly subcutaneous are small portions of
the internal and external condyles. In addition to these, the tuberosities and a part of
the head of the bone can be felt under the skin and muscles by which they are covered.
Of these the greater tuberosity forms the most prominent bony point of the shoulder,
extending beyond the acromion process and covered by the Deltoid muscle. It influences
materially the surface form of the shoulder. It is best felt while the arm is lying loosely
by the side if the arm be raised, it recedes from under the finger. The lesser tuberosity,
directed forwards and inwards, is to be felt to the inner side of the greater tuberosity, just
below the acromio-clavicular joint. Between the two tuberosities lies the bicipital groove.
This can be defined by placing the finger, and making firm pressure, just internal to the
greater tuberosity then, by rotating the humerus, the groove wiU be felt to pass under the
finger as_ the bone is rotated.
With the arm abducted from the side, by pressing deeply
in the axilla, the lower part of the head of the bone is to be felt.
On each side of the
elbow-joint, and just above it, the internal and external condyles of the bone are to be felt.
Of these the internal is the more prominent, but the ridge passing upwards from it, the
internal condyloid ridge, is much less marked than the external, and, as a rule, is not
to be felt.
Occasionally, however, we find along this border the hook-shaped process
mentioned above. The external condyle is most plainly to be seen during semiflexion
of the forearm, and its position is indicated by a depression between the attachment of
it,

;

;
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From it is to be felt a strong bony ridge running up the outer
the adjacent muscles.
it is concave
border of the shaft of the bone. This is the external condyloid ridge
forwards, and corresponds with the curved direction of the lower extremity of the
;

humerus.

—

Suyg leal Anatomy. There are several points of surgical mterest connected with the
humei'us. First, as regards its development. The upper end, though the first to ossify,
is the last to join the shaft, and the length of the bone is mainly due to growth from this
upper epiijhysis. Hence, in cases of amputation of the arm in young subjects, the humerus
continues to grow considerably, and the end of the bone which immediately after the
operation was covered Avith a thick cushion of soft tissue begins to project, thinning the
This may necessitate the removal of a couple
soft parts and rendering the stump conical.
of inches or so of the bone, and even after this operation a recurrence of the conical stump
may take place.
There are several points of surgical interest in connection with fractures. First, as
regards their causation the bone may be broken by direct or indirect violence like the
other long bones, but, in addition to this, it is probably more frequently fractured by
muscular action than any other of this class of bone in the body. It is usually the shaft,
I have seen the accident
just below the insertion of the deltoid, Avhich is thus broken.
happen from throwing a stone, and in an apparently healthy adult from cutting a piece of
hard cake tobacco on a table. In this latter case there was no disease of the bone that
could be discovered. Fractures of the upper end may take place through the anatomical
neck, through the smrgical neck, or separation of the greater tuberosity may occur.
Fracture of the anatomical neck is a very rare accident in fact, it is doubted by some
whether it ever occurs. These firactiu'es are usually considered to be intracapsular, but
they are probably partly within and partly without the capsule, as the lower part of the
capsule is inserted some little distance below the anatomical neck, while the upper part is
attached to it. They may be iinpacted or non-impacted. In most cases there is little or
no displacement on accoimt of the capsule, in whole or in part, remaining attached to the
lower fragment. But occasionally a very remarkable alteration in position takes place
the upper fragment turns on its own axis, so that the cai'tilaginous surface of the head
rests against the upper end of the lower fragment.
When the fractured end is entirely
separated from all its suiTOundings, its vascular supply must be entirel^^ cut off, and one
would expect it, theoretically, to necrose. But this must be exceedingly rare, for Gurlt
was unable to find a single authenticated case recorded. Sejjaration of the upper
epiphysis of the humerus sometimes occurs in the young subject, and is marked by a
characteristic deformity, by which the lesion may be at once recognised.
This consists in
the presence of an abrupt projection at the front of the joint some short distance below
the coracoid process, caused by the upper end of the lower fragment. In fractures of the
shaft of the hiimerus the lesion may take place at any point, but appears to be more
common in the lower than the upper part of the bone. The points of interest in connection
with these fractures are (i) that the musculo- spiral nerve may be injured as it lies in the
groove on the bone, or may become involved in the callus which is subsequently thrown
out and (2) the frequency of non-union.
This is believed to be more common in the
humerus than in any other bone, and various causes have been assigned for it. It
would seem most probably to be due to the difficulty that there is in fixing the shoulderjoint and the upper fragment, and possibly the elbow-joint and lower fragment also.
Other causes which have been assigned for the non-union are: (i) that in attempting
passive motion of the elbow-joint to overcome any rigidity which may exist, the movement
does not take place at the articulation but at the seat of fracture or that the j)atient,
in consequence of the rigidity of the elbow, in attempting to flex or extend the forearm,
moves the fragment and not the joint. (2) The presence of small portions of muscular
tissue between the broken ends.
(3) Want of support to the elbow, so that the weight of
the arm tends to drag the lower fragment away from the upper. An important distinction
to make in fractures of the lower end of the humerus, is between those that involve the
joint and those which do not
the former are always serious, as they ma}^ lead to
impairment of the utility of the limb. They include the T-shaped fracture and oblique
fractures which involve the articular surface.
The fractures which do not involve the
joint are the transverse above the condyles, and detachment of one or other condyle.
Under the head of separation of the epiphysis two separate injuries have been described.
One where the whole of the four ossific centres which form the lower extremity of the
bone are separated from the shaft and secondly, Avhere the articular portion is alone
The epi^jhysial
separated, the two condyles remaining attached to the shaft of the bone.
line between the shaft and lower end rmis across the bone just above the tips of the
condyles, a point to be borne in mind in performing the operation of excision.
Tumours originating fr'om the humerus are of frequent occurrence. A not uncommon
place for a chondroma to grow from is the shaft of the bone somewhere in the neighbourhood of the insertion of the deltoid. Sarcomata frequently grow from this bone.
;

'

'

;

;

;

;

;

;

The Forearm

is

which is situated between
two bones, the ulna and the radius.

that portion of the upper extremity

the elbow and wrist.

It is

composed

of

THE SKELETON

238

.

The Ulna
from its forming the elbow {dAevrj), is a
The Ulna
long bone, prismatic in form, placed at the inner side of the forearm, parallel
with the radius. It is the larger and longer of the two bones. Its upper extremity, of great thickness and strength, forms a large part of the articulation of
the elbow-joint it diminishes in size from above downwards, its lower extremitybeing very small, and excluded from the wrist-joint by the interposition of an
It is divisible into a shaft and two extremities.
interarticular fibro-cartilage.
The Tipper Extremity, the strongest part of the bone, presents for examination
two large, curved processes, the Olecranon process and the Coronoid process and
two concave, articular cavities, the greater and lesser sigmoid cavities.
The Olecranon Process {ojX.evrj, elbow Kpaviov, head) is a large, thick, curved
eminence, situated at the upper and back part of the ulna. It is curved forwards
at the summit so as to present a prominent tip, its base being contracted where
This is the narrowest part of the upper end of the ulna,
shaft.
it joins the
The posterior surface of the
and, consequently, the most usual seat of fracture.
olecranon, directed backwards, is triangular, smooth, subcutaneous, and covered
by a bursa. Its upper surface is of quadrilateral form, marked behind by a
rough impression for the attachment of the Triceps muscle and in front, near
the margin, by a slight transverse groove for the attachment of part of the
Its anterior surface is smooth, concave,
posterior ligament of the elbow-joint.
covered with cartilage in the recent state, and forms the upper and back part of
the great sigmoid cavity. The lateral borders present a continuation of the same
groove that was seen on the margin of the superior surface they serve for the
attachment of ligaments viz. the back part of the internal lateral ligament
internally, the posterior ligament externally. To the inner border is also attached
a part of the Flexor carpi ulnaris while to the outer border is attached the
(figs.

211, 212), so called

;

;

;

;

;

—

;

Anconeus.
The Coronoid Process {Kopwvq, anything hooked like a croiv's beak) is a triangular eminence of bone which projects horizontally forwards from the upper
and front part of the ulna, forming the lower part of the great sigmoid cavity.
so mu.ch so
Its base is continuous with the shaft, and of considerable strength
Its apex is pointed, slightly
that fracture of it is an accident of rare occurrence.
curved upwards, and received into the coronoid depression of the humerus in
Its upper surface is smooth, concave, and forms the
flexion of the forearm.
lower part of the greater sigmoid cavity. The under surface is concave, and
marked internally by a rough impression for the insertion of the Brachialis anticus.
At the junction of this surface with the shaft is a rough eminence, the tubercle of
the ulna, for the attachment of the oblique ligament.
Its outer surface presents
The inner sura narrow, oblong, articular depression, the lesser sigmoid cavity.
face, by its prominent, free margin, serves for the attachment of part' of the
internal lateral ligament.
At the front part of this surface is a small, rounded
eminence for the attachment of one head of the Elexor sublimis digitorum
behind the eminence, a depression for part of the origin of the Elexor profundus
digitorum and, descending from the eminence, a ridge, which gives attachment
to one end of the Pronator radii teres.
Generally, the Elexor longus pollicis
arises from the lower part of the coronoid process by a rounded bundle of
muscular fibres.
The Greater Sigmoid Cavity, so called from its resemblance to the old shape
of the Greek Ijj^er 2, is a semilunar depression of large size, formed by the
olecranon and cS^^noid processes, and serving for articulation with the trochlear
surface of the humerus.
About the middle of either lateral border of this cavity
is a notch, which contracts it somewhat, and serves to indicate the junction of
the two processes of which it is formed. The cavity is concave from above downwards, and divided into two lateral parts by a smooth, elevated ridge which runs
from the summit of the olecranon to the tip of the coronoid process. Of these
;

;

;

FOEEAEM
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Bones

of the left forearm.
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Anterior surface.

Flexor suilintf^
digltoriun

Pronatot
radii

toi es

Occasional origin
of Flexor longus

ijollicis

Badial origin of Flexor
suhlimis digitorum

Supinator longus

^Groove for Extensor ossis
I

Styloid jjrocess

'^'^^^nZ^

nietacarpi pollicis

Groove for Extensor
brevis jpollicis

Styloid ^process

;
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two portions, the internal is the larger, and is slightly concave transversely the
The articular surface,
external portion is convex above, slightly concave below.
;

covered with a thin layer of cartilage.
is a narrow, oblong, articular depression, placed on
the outer side of the coronoid process, and receives the lateral articular surface
and its exIt is concave from before backw^ards
of the head of the radius.
tremities, which are prominent, serve for the attachment of the orbicular ligament. In the recent state, it is covered with a thin layer of cartilage.
The Shaft, at its upper part, is prismatic in form, and curved from behind
forwards, and from without inwards, so as to be convex behind and externally
its lower part rounded, smooth, and bent a
its central part is quite straight
above downw^ards, and presents for
it tapers gradually from
little outwards
in the recent state,

is

The Lesser Sigmoid Cavity

;

;

;

examination three borders, and three surfaces.
The anterior border commences above at the prominent inner angle of the
coronoid process, and terminates below in front of the stjdoid process. It is well
marked above, smooth and rounded in the middle of its extent, and affords attachment to the Flexor profundus digitorum its lower fourth, marked off from the
rest of the border by the commencement of an oblique ridge on the anterior surIt separates the
face, serves for the attachment of the Pronator quadratus.
:

anterior from the internal surface.

The posterior border commences above at the apex of the triangular subcutaneous surface at the back part of the olecranon, and terminates below at the
back part of the styloid process it is well marked in the upper three-fourths,
and gives attachment to an aponeurosis common to the Flexor carpi ulnaris, the
Extensor carpi ulnaris, and the Flexor profundus digitorum muscles its lower
This border separates the internal from the
fourth is smooth and rounded.
;

;

posterior surface.

The external or interosseous border commences above by two lines, which converge one from each extremity of the lesser sigmoid cavity, enclosing between
them a triangular space for the attachment of part of the Supinator brevis, and
terminates below at the middle of the head of the ulna. Its two middle fourths
This border gives
are very prominent, its lower fourth is smooth and rounded.
attachmen|t to the interosseous membrane, except along its upper fourth, and
separates the anterior from the posterior surface.
The anterior surface, much'broader above than below% is concave in the upper
three-fourths of its extent, and aiibrds attachment to the Flexor profundus digitorum its lower fourth, also concave, to the Pronator quadratus. The lower
fourth is separated from the remaining portion of the bone by a prominent ridge,
;

downwards and inwards this ridge (the oblique
marks the extent of attachment of the Pronator quadratus
above. At the junction of the upper with the middle third of the bone is the
nutrient canal, directed obliquely upwards and inwards.
The posterior surface, directed backwards and outwards, is broad and concave
above, somewhat narrower and convex in the middle of its course, narrow^ smooth,
and rounded below. It presents, above, an oblique ridge, which runs from the

directed obliquely from above

;

or Pronator ridge)

posterior extremity of the lesser sigmoid cavity, dow^nwards to the posterior
border the triangular surface above this ridge receives the insertion of the
;

Anconeus muscle, whilst the ridge itself affords attachment to the Supinator
The surface of bone below this is subdivided by a longitudinal ridge,
brevis.
sometimes called the perpendicular line, into two parts the internal part is
smooth, concave, and is covered by the Extensor carpi ulnaris the external
portion, wider and rougher, gives attachment from above downwards to part of
the Supinator brevis, the Extensor ossis metacarpi pollicis, the Extensor longus
pollicis, and the Extensor indicis muscles.
The internal surface is broad and concave above, narrow and convex below\
It gives attachment by its upper three-fourths to the Flexor profundus digitorum
:

;

muscle

:

its

lower fourth

is

subcutaneous

ULNA
Fig.

212.— Bones
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The Lower Extremity

ulna is of small size, and excluded from the artipresents for examination two eminences, the outer
and larger of which is a rounded, articular eminence, termed the head of the ulna
the inner, narrower and more projecting, is a non-articular eminence, the styloid
The head presents an articular facet, part of which, of an oval form, is
process.
directed downwards, and articulates with the upper surface of the interarticular
culation of the wrist-joint.

of the
It

;

which separates

it from the wrist-joint
the remaining portion,
narrow, convex, and received into the sigmoid cavity of the
The styloid process ^To]e,Gi& from the inner and back part of the bone,
radius.
and descends a little lower than the head, terminating in a rounded summit,
which affords attachment to the internal lateral ligament of the wrist. The head
is separated from the styloid process by a depression for the attachment of the
triangular interarticular fibro-cartilage and behind, by a shallow groove for the
passage of the tendon of the Extensor carpi ulnaris.
Similar to that of the other long bones.
Structure.
Development. By three centres one for the shaft, one for the inferior extremity, and one for the olecranon (fig. 213).
Ossification commences near the
middle of the shaft about the eighth week.
and soon extends through the greater
Plan of the development of
Fig. 213.
the uhia. By three centres.
part of the bone.
At birth the ends are

fibro-cartilage

directed outwards,

;

is

;

—

—

:

—

Joins shaft at
sixteenth year

/s

About the fourth year,
a separate osseous nucleus appears in
cartilaginous.

Olecranon

Appears at
tenth year

middle of' the head, which soon
extends into the styloid process. About
the tenth year, ossific matter appears
in the olecranon near its extremity, the
chief part of this process being formed
from an extension of the shaft of the
bone into it.
At about the sixteenth
year, the upper epiphysis becomes joined,
and at about the twentieth year the
lower one.
the

m

Articulations.

and radius.
Attachment

— With

of Muscles.

the

—To fourteen

to the olecranon, the Triceps,

and one head

of the

To the coronoid

humerus
:

Anconeus,

Flexor carpi ulnaris.

process, the Brachialis

anticus. Pronator radii teres, Elexor sublimis digitorum, and Flexor profundus
generally also the Flexor
digitorum
^'/^
fourth year
longus pollicis. To the shaft, the Flexor
twentieth year
Inferior extremity
profundus digitorum, Pronator quadratus, Flexor carpi ulnaris. Extensor
carpi ulnaris. Anconeus, Supinator brevis, Extensor ossis metacarpi polhcis,
Extensor longus pollicis, and Extensor indicis.
AjJj^ears at

:^i^

J

" Joins shaft at

;

—

Surface Form. The most promment part of the ulna on the sitrface of the body is
the olecranon process, which can always be felt at the back of the elbow-joint. When'the
forearm is flexed, the upper triangular sm-face can be felt, directed backwards during
extension it recedes into the olecranon fossa, and the contracting fibres of the Triceps
prevent its being perceived. At the back of the olecranon is the smooth, triangular,
;

subcutaneous surface, which below is continuous with the posterior border of the shaft of
the bone this is to be felt in every position of the joint. Dmdng extension, the upper
border of the olecranon is slighfly above the level of the internal condyle, and the process
itself is nearer to this condyle than the outer one.
Eimning down the back of the forearm,
from the apex of the triangular surface which forms the posterior surface of the olecranon,
is a prominent ridge of bone, the posterior border of the ulna.
This is to be felt throughout
the entu;e length of the shaft of the bone, from the olecranon above to the styloid process
below. As it passes down the forearm it pursues a sinuous course and inclines to the
;
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inner side, so that, though it is situated in the middle of the back of the limb above, it is
on the inner side of the wrist at its termination. It becomes rounded off in its lower
third, and may be traced below to the small, subcutaneous surface of the styloid process.
Internal to this border the lower fourth of the internal surface is to be felt. The styloid
process is to be felt as a prominent tubercle of bone, continuous above with the posterior
subcutaneous border of the uhia, and terminating below in a blunt apex, which lies a little
The styloid process is best felt
internal, and behind, but on a level with, the wrist-joint.
when the hand is in the same line as the bones of the forearm, and in a position midway
between supination and pronation. If the forearm is pronated while the finger is placed
on the process, it will be felt to recede, and a,nother prominence of bone will appear just
This is the head of the ulna, which articulates with the lower end
external and above it.
of the radius and the triangular interarticular fibro-cartilage, and now projects between
the tendons of the Extensor carpi ulnaris and the Extensor minimi digiti muscles.

The Eadius
The Radius (radius, a ray, or spohe of a wheel) is situated on the outer side of
the forearm, lying side by side with the uhia, which exceeds it in length and size
(figs.

211, 212).

elbow-joint; but

Its
its

upper end
lower end

is

and forms only a small part of the
and forms the chief part of the wrist.

small,

is large,

curved longitudinally, and,
long bones, has a shaft and two extremities.
The Upper Extremity presents a head, neck, and tuberosity. The head is of
a cylindrical form, depressed on its upper surface into a shallow cup which
In the receni
articulates with the capitellum or radial head of the humerus.
state it is covered with a layer of cartilage, w^hich is thinnest at its centre.
Around the circumference of the head is a smooth, articular surface, broad
internally where it articulates with the lesser sigmoid cavity of the ulna narrow
in the rest of its circumference, where it rotates within the orbicular ligament.
It is coated with cartilage in the recent state.
The head is supported on a
round, smooth, and constricted portion of bone, called the necJc, which presents,
behind, a slight ridge, for the attachment of part of the Supinator brevis.
Beneath the neck, at the inner and front aspect of the bone, is a rough
eminence, the bicipital tuberosity. Its surface is divided into two parts by a
vertical line
a posterior, rough portion, for the insertion of the tendon of the
Biceps muscle and an anterior, smooth portion, on which a bursa is interposed
between the tendon and the bone.
The Shaft of the bone is prismoid in form, narrower above than below, and
slightly curved, so as to be convex outwards.
It presents three surfaces,
separated by three borders.
The anterior border extends from the lower part of the tuberosity above, to
the anterior part of the base of the styloid process below. It separates the
anterior from the external surface.
Its upper third is very prominent
and
from its oblique direction, downwards and outwards, has received the name of
the oblique line of the radius.
It gives attachment, externally, to the Supinator
brevis internally, to the Flexor longus poUicis, and between these to the Flexor
sublimis digitorum.
The middle third of the anterior border is indistinct and
rounded.
Its lower fourth is sharp, prominent, affords attachment to the
Pronator quadratus, and terminates in a small tubercle, into which is inserted
the tendon of the Supinator longus.
The posterior border commences above, ab the back part of the neck of the
radius, and terminates below, at the posterior part of the base of the styloid
process it separates the posterior from the external surface. It is indistinct
above and below, but well marked in the middle third of the bone.
The internal or interosseous border commences above, at the back part of the
tuberosity, where it is rounded and indistinct, becomes sharp and prominent as
it descends, and at its lower part divides into two ridges, which descend to the
anterior and posterior margins of the sigmoid cavity.
This border separates the

It is

one

of the long bones, prismatic in form, slightly

like other

;

—

;

;

;

;

R
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anterior from the posterior surface, and has the interosseous
it throughout the greater part of its extent.

membrane

attached

to

is narrow and concave for its upper three-fourths, and
Flexor longus polHcis muscle it is broad and fiat for its
lower fourth, and gives attachment to the Pronator quadratus. A prominent
ridge limits the attachment of the Pronator quadratus below, and between this
and the inferior border is a triangular rough surface for the attachment of the
At the junction of the upper and middle
anterior ligament of the wrist- joint.
third of this surface is the nutrient foramen, which is directed obliquely upwards.
The posterior surface is rounded, convex, and smooth in the upper third of
Its middle third is
its extent, and covered by the Supinator brevis muscle.
broad, slightly concave, and gives attachment to the Extensor ossis metacarpi
Its lower third is broad,
pollicis above, the Extensor brevis pollicis below.
convex, and covered by the tendons of the muscles, which subsequently run in
the grooves on the lower end of the bone.
The external surface is rounded and convex throughout its entire extent.
About its
Its upper third gives attachment to the Supinator brevis muscle.
centre is seen a rough ridge, for the insertion of the Pronator radii teres muscle.
Its lower part is narrow, and covered by the tendons of the Extensor ossis
metacarpi pollicis and Extensor brevis pollicis muscles.

The

anterior surface

gives attacliment to

tlie

;

The Lower Extremity of the radius is large, of quadrilateral form, and
provided with two articular surfaces one at the extremity, for articulation with
the carpus, and one at the inner side of the bone, for articulation with the ulna.
The carpal articular surface is of triangular form, concave, smooth, and
divided by a slight antero-posterior ridge into two parts.
Of these, the external
the inner,
is large, of a triangular form, and articulates with the scaphoid bone
smaller and quadrilateral, articulates with the semilunar. The articular surface
for the ulna is called the sigmoid cavity of the radius
it is narrow, concave,
smooth, and articulates with the head of the ulna. The circumference of this
end of the bone presents three surfaces an anterior, external, and posterior.
The anterior surface, rough and irregular, affords attachment to the anterior
ligament of the wrist-joint. The external surface is prolonged obliquely downwards into a strong, conical projection, the styloid iwocess, which gives attachment by its base to the tendon of the Supinator longus, and by its apex to the
external lateral ligament of the wa-ist-joint.
The outer surface of this process is
marked by a fiat groove, which runs obliquely downwards and forwards, and
gives passage to the tendons of the Extensor ossis metacarpi pollicis, and the
Extensor brevis pollicis. The ijosterior surface is convex, affords attachment to
the posterior ligament of the wrist, and is marked by three grooves. Proceeding
from without inwards, the first afroove is broad, but shallow, and subdivided into
two by a slightly elevated ridge the outer of these two transmits the tendon of
the Extensor carpi radialis longior, the inner the tendon of the Extensor cSrpi
radialis brevior.
The second, which is near the centre of the bone, is a deep but
narrow groove, bounded on its outer side by a sharply defined ridge it is directed
obliquely from above, downwards and outwards, and transmits the tendon of the
Extensor longus pollicis. The third, lying most internally, is a broad groove, for
the passage of the tendons of the Extensor indicis and Extensor commimis

—

;

;

—

:

;

digitorum.
Structure.

— Similar to that
—

of the other

long bones.

Development (fig. 214). By three centres: one for the shaft, and one for
each extremity. That for the shaft makes its appearance near the centre of the
bone, soon after the development of the humerus commences.
At birth the
shaft is ossified, but the ends of the bone are cartilaginous.
About the end of
the second year, ossification commences in the lower epiphysis and about the
fifth year, in the upper one.
At the age of seventeen or eighteen the upper
epiphysis becomes joined to the shaft
the lower epiphysis becoming united
;

;

about the twentieth year.

—

;

—
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Articulations. —With four bones: the humerus, uhia, scaphoid, and semihmar.
Attachment of Muscles. To nine to the tuberosity, the Biceps to the
oblique ridge, the Supinator brevis. Flexor sublimis digitorum, and Flexor longus

—

pollicis

;

to the shaft (its anterior sur-

;

Flexor longus pollicis and
quadratus
(its
posterior
surface), the Extensor ossis metacarpi

face), the

Pronator
pollicis
(its

;

Fig. 214.

and Extensor brevis

;

and

Hj

three centres.

Head
Appears at fifth jr^^^.jjnites with shaft
year
ah out puberty

pollicis

outer surface), the Pronator radii

teres

—Plan of the development of the
radius.

;

to the styloid process, the

Supinator longus.
Surface Form.

— Just below, and a

little

in front of, the posterior surface

of the
external condyle a part of the head of the
radius may be felt, covered by the orbicular
and external lateral ligaments. There is
in this situation a little dimple in the skin,
is most visible when the arm is
extended, and which marks the position
of the head of the bone.
If the finger is
placed on this dimple, and the forearm
pronated and supinated, the head of the
bone will be distinctly perceived rotating
in the lesser sigmoid cavity.
The upper
half of the shaft of the radius cannot be
felt, as it is surrounded by the fleshy
bellies of the muscles arising from the
external condyle.
The lower half of the
Appears at-j |^^
Unites u'iih shaft
shaft can be readily examined, though
second
iecond yea
year I ^v-about twentieth
covered by tendons and muscles and not
year
strictly subcutaneous.
If traced downLotver extremity
wards, the shaft will be felt to terminate
in a lozenge-shaped, convex surface on
the outer side of the base of the styloid process.
This is the only subcutaneous part of
the bone, and fi"om its lower extremity the apex of the styloid process will be felt bending
inwards towards the wrist. About the middle of the posterior aspect of the lower extremity
of the bone is a well-marked ridge, best perceived when the hand is slightly flexed on the
wrist.
It bounds the oblique groove on the posterior surface of tlie bone, tlirough which
the tendon of the Extensor longus pollicis runs, and serves to keep that tendon in its

which

place.

—

Surgical Anatomy. The two bones of the forearm are more often broken together,
than is either the radius or ulna separately. It is therefore convenient to consider the
fractures of these two bones together in the first instance and subsequently to mention the
principal fractiu-es which take place in each bone individually. These fractiires may be
produced by either dh-ect or indirect violence, though more commonly by direct violence.
When indirect force is applied to the forearm the radius generaUy alone gives way, though
both bones may suffer. The fracture from indhect force generally takes place somewhere
about the middle of the bones, fracture from direct violence may occur at any part, more
often, however, in the lower half of the bone.
The fracture is usually transverse, but may
be more or less oblique. A point of interest in connection with these fractures is the
tendency that there is for the two bones to imite across the interosseous membrane the
limb shoiTld therefore be put up
a position midwaj' between supination and pronation,
which is not only the most comfortable position, but also separates the bones most widely
from each other and therefore diminishes the risk of the bones becoming united across the
;

m

interosseous membrane. The splints, anterior and posterior, which are applied in these
cases should be rather wider than the limb, so as to prevent any lateral pressure on the
bones. For in these cases there is a greater liability to gangrene from the pressure of the
splints than in other parts of the body.
This is no doubt due principally to two causes
(i) the flexion of the forearm compressing to a certain extent the brachial artery and
retarding the flow of blood to the limb and (2) the superficial position of the two main
arteries of the forearm in a part of their course, and their liability to be compressed by the
splints.
Tliismaybe
The special fractures of the ulna are
(i) fracture of the olecranon.
caused by direct violence, faUs on the elbow with the forearm flexed, or by muscular action
by the sudden contraction of the Triceps. The most common place for the fracture to occur
IS at the constricted portion where the olecranon joins the shaft of the bone, and the fracture
may be either transverse or oblique but any part may be broken, even a thin shell may
:

;

:

;

—
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Fractures from direct violence are occasionally comminuted. The displaceslight, owing to the fibrous structures around the process not being
torn.
(2) Fracture of the coronoid process sometimes occurs as a complication of dislocation backwards of the bones of the forearm, but it is doubtful if it ever occurs as an
uncomplicated injury. (3) Fractures of the shaft of the ulna may occur at any part, but
They are almost always
usuallj^ take place at the middle of the bone or a little below it.
the result of direct violence.
(4) The styloid process may be knocked off by direct violence.
Fractures of the radii;s consist of (i) fracture of the head of the bone this generally occurs
(2)
in conjunction with some other lesion, but may occur as an uncomplicated injury.
Fracture of the neck may also take place, but is generally complicated with other injury.
(3) Fractiires of the shaft of the radius are very common, and may take place at any part
They may take place from either direct or indirect violence. In fractures
of the bone.
of the upper third of the shaft of the bone, that is to say, above the insertion of the Pronator
The upper fragment is strongly supinated by
radii teres, the displacement is very great.
the Biceps and Supinator brevis, and flexed by the IBiceps whilst the lower fragment is
pronated and drawn towards the ulna b3' the two pronators. If such a fracture is put up
in the ordinary position, midway between supination and pronation, the fracture will
unite with the upper fraginent in a position of supination, and the lower one in the mid
The
position, and thus considerable impairment of the movements of the hand result.
limb should be put up with the forearm supinated. (4) The most important fracture of
the radius is that of the lower end (Colles's fracture). The fracture is transverse, and
generally takes place about an inch fi'om the lower extremitj-. It is caused by falls on
the palm of the hand, and is an injury of advanced life, occurring more frequently in the
female than the male. In consequence of the manner in which the fracture is caused,
the upper fragment becomes driven into the lower, and impaction is the result or else
the lower fragment becomes split up into two or more pieces, so that no fixation occurs.
Separation of the lower epiphysis of the radius may take place in the young. This injury
and Colles's fracture may be distinguished from other injuries in this neighbourhood
especialh" dislocation, with which it is liable to be confounded by observing the relative
In the natural condition of
positions of the styloid processes of the ulna and radius.
parts, with the arm hanging bj' the side, the styloid process of the radius is on a lower
After fracture or separation
level than that of the ulna, that is to say, nearer the ground.
of the epiphysis this process is on the same or higher level than that of the ulna, whereas
it would be unaltered in position in dislocation.

be torn

ment

off.

sometimes very

is

;

;

;

—

THE HAND
The skeleton
vsa-ist

bones

of the

Hand

is

palm

;

—

the Carpus or
and the Phalanges or bones

subdivided into three segments

the Metacarpus or bones of the

;

of the fingers.

THE CAEEUS
The bones

Carpus (Kap7ro§, the icrist), eight in number, are arranged in
upper row, enumerated from the radial to the ulnar
side, are the scaphoid, semilunar, cuneiform, and pisiform
those of the lower
row, enumerated in the same order, are the trapezium, trapezoid-, os magnum,

two rows.

of the

Those

of the

;

and unciform.

Common Chabactees of the Carpal Bones
Each bone

Of these the
ligamentous attachment the dorsal surface being the broader, except in the scaphoid and semilunar.
The superior ox proximal and inferior or distal are articular, the superior
generally convex, the inferior concave and the internal and external are also
articular when in contact with contiguous bones, otherwise rough and tubercular.
The structure in all is similar, consisting of cancellous tissue enclosed in a
layer of compact bone.
Each bone is also developed from a single centre of
anterior or

(excepting the pisiform)

presents six surfaces.

palmar and the posterior or dorsal are rough,

for

;

;

ossification.

Bones of the Uppeb Eow
Scaphoid

The Scaphoid

name from

its

(fig.

217)

is the largest bone of the first row.
It has received its
fancied resemblance to a boat, being broad at one end, and

'"PI

CAEPUS

Fig. 215.— Bones of the

RADIAL

left

hand.
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Dorsal surface.
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pbofunous
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a boat;

elSo's, like).

It is situated

upper and outer part of the carpus, its long axis being from above downwards, outwards, and forwards. The superior stirface is convex, smooth, of triangular shape, and articulates with the lower end of the radius. The inferior
surface, directed downwards, outwards, and backwards, is smooth, convex, also
triangular, and divided by a slight ridge into two parts, the external of which
The posterior or
articulates with the trapezium, the inner with the trapezoid.
dorsal surface presents a narrow, Tough groove, which runs the entire breadth of
at the

Fig. 217.

— The

left

scaphoid.

Foi' OS mmqnjAjnv-

The anterior or palmar
for the attachment of ligaments.
concave above, and elevated at its lower and outer part into a prominent, rounded tubercle, which projects forwards from, the front of the carpus
and gives attachment to the anterior annular ligament of the wrist and sometimes
a few fibres of the Abductor pollicis.
The external surface is rough and narrow,
and gives attachment to the external lateral ligament of the v\n"ist. The internal
surface presents two articular facets
of these, the superior or smaller one is
flattened, of semilunar form, and articulates with the semilunar
the inferior or
larger is concave, forming, with the semilunar bone, a concavity for the head of
the bone,
surface

and serves

is

;

;

the OS

To

magnum.

which side the bone belongs, hold it with the superior or
convex, articular surface upwards, and the posterior surface i.e. the
narrow, non-articular, grooved surface towards you. The tubercle on the outer
surface points to the side to which the bone belongs.*
Articulations.
With five bones the radius above, trapezium and trapezoid
below, OS magnum and semilunar internally.
ascertain to

—

radial,

—

—

:

Attachment of Muscles.— Occasionally a few

Semilunab

(fig.

of the carpus,

;

luna, moon).

Abductor

pollicis.

218)

The Semilunar bone may be distinguished by
outline {semi, half

fibres of the

its

deep concavity and crescentic
upper row

It is situated in the centre of the

between the scaphoid

and cuneiform.

The stiperior sujface,
convex, smooth, and bounded by four
edges, articulates with the radius. The
inferior surface is deeply concave, and
of greater extent from before back-

Fig. 218.— The

left

semilunar,

Fcr enAieifar-m'
'p'of

i^culUis

wards than transversely
it
articuwith the head of the os magnum,
Hoi' accwhoi
For PS mcLffn
and, by a long, narrow facet (separated by a ridge from the general
surface), w^iththe unciform bone.
The anterior oy palmar oxidi posterior or dorsal
stirfaces are rough, for the attachment of ligaments, the former being the broader,
and of somewhat rounded form. The external surface presents a narrow, flattened,
:

lates

—

In these directions each bone is supposed to be placed in its natinral position that
it would occupy when the arm is hanging by the side, the forearm
in a position of supination, the thumb being directed outwards and the palm of the hand

is,

such a position as

looking forwards.

2
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semilunar facet for articulation with the scaphoid. The internal surface is marked
by a smooth, quadrilateral facet, for articulation with the cuneiform.
Hold it with the convex articular surface for the radius upwards, and the
narrowest non-articular surface towards you. The semilunar facet for the
scaphoid will be on the side to which the bone belongs.
Articulations.—With five bones the radius above, os
below, scaphoid and cuneiform on either side.
:

Cuneiform

(fig.

magnum and

unciform

219)

The Cuneiform (cuneus, a icedcje forma, likeness) may be distinguished by its
pyramidal shape {os lyyramidal), and by its having an oval, isolated facet for
It is situated
articulation with the pisiform bone.
]7jQ_ 219.
The left cuneiform, at the Upper and inner side of the carpus. The
superior surface presents an internal, rough, non„
articular portion, and an external or articular portion,
FoH pLs.fc^m^
---';*^i
which is convex, smooth, and articulates with the
;

.,

triangular interarticular fibro-cartilage of the wrist.
The inferior surface, directed outwards, is concave,

sinuously curved, and smooth for articulation with
the unciform. The posterior or dorsal surface is
rough, for the attachment of ligaments. Th&anteriorox ixilmar surface^gTesenin,
and is rough
at its inner side, an oval facet, for articulation with the pisiform
externally, for ligamentous attachment.
The external surface, the base of the
pyramid, is marked by a flat, quadrilateral, smooth facet, for articulation with the
Jh.-

un^joi^

;

semilunar. The internal surface, the summit of the pyramid, is pointed and
roughened, for the attachment of the internal lateral ligament of the -wnrist.
Hold the bone with the surface supporting the pisiform facet away from
The base
you, and the concavo-convex surface for the unciform downw^ards.
of the wedge (i.e. the broad end of the bone) will be on the side to which it
belongs.

—

With three bones the semilunar externally, the pisiform in
unciform below and with the'triangular, interarticular fibro-cartilage
which separates it from the lower end of the ulna.
Articulations.

front, the

:

;

Pisiform

The Pisiform (pisum, a pea

(fig.

220)

forma, likeness) may be known by its small size,
presenting a single articular facet. It is situated on a plane anterior
to the other bones of the carpus
it is spheroidal in form.
Fig. 220.— The left
with its long diameter directed vertically. Its posterior sur^^^'
^
face presents a smooth, oval facet, for articulation with the
lot- cur,^r'»,
cuneiform this facet approaches the superior, but not the

and by

;

its

;

_

:

border of the bone. The anterior or palmar surface
is rounded and rough, and gives attachment to the anterior
annular ligament and to the Flexor carpi ulnaris and Abductor minimi digiti muscles.
The outer and inner surfaces are
also rough, the former being concave, the latter usually convex.
Hold the bone with the posterior surface that which presents the articular
facet
towards you, in such a manner that the faceted portion of the surface is
uppermost. The outer, concave surface will point to the side to which it belongs.
Articulations.— With one bone, the cuneiform.
Attachment of Muscles.—To two the Flexor carpi ulnaris and Abductor
minimi digiti and to the anterior annular lisjament.
inferior,

—

—

:

;
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Bones of the Lowee Eow
Teapezium

(fig.

221)

The Trapezium (rpaTre^a, a table) is of very irregular form. It may be distinguished by a deep groove, for tlie tendon of the Plexor carpi radialis muscle. It
is situated at the external and inferior part of the carpus, between the scaphoid
and first metacarpal bone. The superior surface, concave and smooth, is directed
upwards and inwards, and articulates with the scaphoid. The inferior surface,
directed downwards and inwards, is oval, concave from side to side, convex from
before backwards, so as to form a saddle-shaped surface, for articulation with
Fig. 221.

— The

left

trapezium.

Hedge

Fot' tfO.pCZO

first metacarpal bone.
The anterior ox palmar surface is narrow
At its upper part is a deep groove, running from above obliquely
downwards and inwards it transmits the tendon of the Flexor carpi radialis,
and is bounded externally by a prominent ridge, the oblique ridge of the trapezium.
This surface gives attachment to the Abductor pollicis, Flexor ossis
metacarpi pollicis, and Flexor brevis pollicis muscles, and the anterior annular

the base of the

and rough.

:

Hhe posterior or dorsal surface is rough. The external surface is also
broad and rough, for the attachment of ligaments. The internal surface presents
two articular facets
the upper one, large and concave, articulates with the
trapezoid the lower one, narrow and flattened, with the base of the second
metacarpal bone.
Hold the bone with the saddle-shaped surface downwards and the grooved
surface away from you.
The prominent, rough, non-articular surface points to
ligament.

:

;

the side to

which the bone belongs.

—

With four bones the scaphoid above, the trapezoid and
second metacarpal bones internally, the first metacarpal below.
Attachment of Muscles. Abductor pollicis, Flexor ossis metacarpi pollicis,
and part of the Flexor brevis pollicis.
Articulations.

:

—

Teapezoid

(fig.

222)

The Trapezoid is the smallest bone in the second row. It may be known by
wedge-shaped form, the broad end of the wedge forming the dorsal, the narrow
end the palmar, st^rface
and by its
The left trapezoid.
Fig. 222.
having four articular surfaces touching
Anieriof siufcue'
each other, and separated by sharp edges.

its

;

—

Foi- scoLfhcld.

The superior

surface,

quadrilateral

in

smooth, and slightly concave,
The marticulates with the scaphoid.
ferior surface articulates with the upper
end of the second metacarpal bone it
is convex from side to side, concave from
before backwards, and subdivided, by an
elevated ridge, into two unequal lateral

Tor- tfOjse^utlTZ

form,

;

Fast. SiLffcx,s&

J'cy Z"^ meta,ccu-£OiZ

The p>osterior or dorsal and anterior or palmar surfaces are rough, for
The external
the attachment of ligaments, the former beirLg the larger of the two.

facets.
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convex and smooth, articulates with the trapezium. The internal surface
concave and smooth in front, for articulation with the os magnum rough
behind, for the attachment of an interosseous ligament.
Hold the bone with the larger, non-articular surface towards you, and the
smooth, quadrilateral articular surface upwards. The convex, articular surface
will point to the side to which the bone belongs.*
Articulations.
With four bones the scaphoid above, second metacarpal bone
below, trapezium externally, os magnum internally.
surface,

is

;

—

:

Os Magnum
The Os Magnum

is

223)

(fig.

and occupies the centre

the largest bone of the carpus,

of

the wrist. It presents, above, a rounded portion or head, which is received into
the concavity formed by the scaphoid and semilunar bones a constricted portion
;

or neck

;

and, below this, the body.

and articulates with the semilunar.

The superior surface is rounded, smooth,
The inferior surface is divided by two ridges

into three facets, for articulation with the second, third,

and fourth metacarpal
The

bones, that for the third (the middle facet) being the largest of the three.
posterior or dorsal surface

is

broad and rough

Fig. 223.

— The

left os

;

the anterior or palmar, narrow.

magnum.

ForsemlUuvof

-r

sertuZujwiA'

Fof sciX^KcL-d

Tor

u.nci,-foiri

meta^carj) a-l,\

A

ci <,M-fac&-

rounded, and also rough, for the attachment of ligaments and a part of the
Adductor obliquus poUicis. The external surface articulates with the trapezoid
by a small facet at its anterior inferior angle, behind which is a rough depression
for the attachment of an interosseous ligament.
Above this is a deep and rough
groove, which forms part of the neck, and serves for the attachment of ligaments,
bounded superiorly by a smooth, convex surface, for articulation with the
scaphoid.
The internal surface articulates with the unciform by a smooth, ^concave, oblong facet, which occupies its posterior and superior parts and is rough
in front, for the attachment of an interosseous ligament.
Hold the bone with the broader, non-articular surface towards you, and the
head upwards. The small, articular facet at the anterior inferior angle of the
external surface will point to the side to which the bone belongs.
Articulations.
With seven bones the scaphoid and semilunar above the
second, third, and fourth metacarpal below the trapezoid on the radial side
and the unciform on the ulnar side.
Attachment of Muscles.— Part of the Adductor obliquus polhcis.
;

—

:

;

;

Uncifoem
The Unciform

(uncus, a Jwok

;

(fig.

;

224)

forma, likeness)

may

be readily distinguished

wedge-shaped form, and the hook-like process that projects from its palmar
surface.
It is situated at the inner and lower angle of the carpus, with its base

.by its

Occasionally in a badly marked bone there is some difficulty in ascertaining to which
bone belongs the following method will sometimes be found useful. Hold the
bone with its broader, non-articular siu'face upwards, so that its sloping border is directed
towards you. The border will slope to the side to which the bone belongs.
*

side the

;
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downwards, resting on the two inner metacarpal bones, and its apex directed
upwards and outwards. The superior surface, the apex of the wedge, is narrow,
convex, smooth, and articulates with the semilunar. The inferior surface articulates with the fourth and fifth metacarpal bones, the concave surface for each
being separated by a ridge, which runs from before backwards. The posterior or
The anterior
dorsal surface is triangular and rough, for ligamentous attachment.
or pctlmar surface presents, at its lower and inner side, a curved, hook-like
process of bone, the unciform process, directed from the palmar surface forwards
and outwards. It gives attachment, by its apex, to the annular ligament and
the Plexor carpi ulnaris by its inner surface to the Flexor brevis minimi digiti
and the Flexor ossis metacarpi minimi digiti and is grooved on its outer side, for
This is one of the
the passage of the Flexor tendons into the palm of the hand.
four eminences on the front of the carpus to which the anterior annular ligament
;

;

attached the others being the pisiform internally, the oblique ridge of the
trapezium and the tuberosity of the scaphoid externally. The internal surface
articulates with the cuneiform by an oblong facet, cut obliquely from above, down-

is

;

FiG. 224.

—The

left

unciform.

For seffUMn^'^
-~-^

^_-For

Jof OS fnaxinM7v-~

,„
CAxns-ofoyrra

|^^

I'oi- ,5

wards and inwards.
upper and posterior

The

—

-'

ir^tyJUf^aL

magnum by its
remaining portion being rough, for the attachment

external surface articulates with the os

part, the

of ligaments.

Hold the bone with the hooked process away from you, and

the articitlar

two parts for the metacarpal bones, downwards. The concavity of the process will be on the side to which the bone belongs.
With five bones the semilunar above, the fourth and fifth
Articulations.

surface, divided into

—

:

cuneiform internally, the os magnum externally.
Attachment of Muscles. To three the Flexor brevis minimi digiti, the Flexor
ossis metacarpi minimi digiti, the Flexor carpi ulnaris.
metacarpal below,

th<e

—

:

THE METACAEPUS
The Metacarpal Bones are five in number they are long cylindrical bones,
presenting for examination a shaft and two extremities.
:

Common Chaeactees qf the Metacaepal Bones
prismoid in form, and curved longitudinally, so as to be convex
concave in front. It presents three surfaces
two lateral and one posterior. The lateral surfaces are concave, for the attachment of the Interossei muscles, and separated from one another by a prominent
ridge.
The posterior or dorsal surface presents in its distal half a smooth,
triangular, flattened area which is covered, in the recent state, by the tendons of
This triangular surface is bounded by two lines, which
the Extensor muscles.
commence in small tubercles situated on the dorsal aspect of either side of the
digital extremity, and, running backwards, converge to meet together a little
behind the centre of the bone and form a ridge which runs along the rest of the
This ridge separates two lateral, sloping
dorsal surface to the carpal extremity.
To the tubercles
surfaces for the attachment of the Dorsal interossei muscles.*

The

shaft

is

in the longitudinal direction behind,

*

By

tiated

these sloping siu'faces the metacarpal bones of the
of the foot.

from the mietatarsal bones

:

hand may be

at

once differen-
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on the digital extremities are attached the
phalangeal joints.

The carpal extremity,
in front

it

:

or base,

lateral ligaraents of the

metacarpo-

and broader behind than
and on each side with the adjoining

a cuboidal form,

is of

articulates above with the carpus,

metacarpal bones its dorsal and ixdmar surfaces are rough, for the attachment
of tendons and ligaments.
The digital extremity, or head, presents an oblong surface, flattened at each
it is broader, and extends farther
it articulates with the proximal phalanx
side
It is longer in the anteroforwards, on the palmar than on the dorsal aspect.
On either side of the head is a
posterior than in the transverse diameter.
tubercle for the attachment of the lateral ligament of the metacarpo-phalangeal
The posterior surface, broad and flat, supports the Extensor tendons the
joint.
anterior surface is grooved in the middle line for the passage of the Flexor tendons
and marked on each side by an articular eminence continuous with the terminal
;

;

;

;

articular surface.

Peculiar Characters of the Metacarpal Bones

The metacarpal bone
rest,

of the thumb (fig. 225) is shorter and wider than the
diverges to a greater degree from the carpus, and its palmar surface is

The shaft
dorsal aspect, and

directed inwards towards the palm.
Fig. 225.- -The

first

raetaearpal.

is

flattened

and broad on

its

does not present the ridge which is found on
the other metacarpal bones it is concave from
before backwards, on its palmar surface.
The
carpal extremity, or hase, presents a concavo-

(Left.)

;

convex surface, for articulation with the trapezium
it has
no lateral facets, but presents
;

externally a tubercle

for

the insertion of the

Extensor ossis metacarpi pollicis.
The digital
extremity is less convex than that of the other
metacarpal bones, broader from side to side than
from before backwards. It presents on its palmar
aspect two distinct articul3,r eminences for the
two sesamoid bones in the tendons of the Flexor
brevis pollicis
the outer one being the larger of
;

i ubbefcle.

for

the two.

i

tfapaxUjvin.

For trapeziiuiz.

The side to which this bone belongs may be
known by holding it in the position it occiipies

with the carpal extremity upwards and the dorsal surface backthe tubercle for the Extensor ossis metacarpi polHcis will point to the
side to which it belongs.

in the hand,

wards

;

Attachment of Muscles.— To four the Flexor ossis metacarpi polHcis, the
Extensor ossis metacarpi polHcis, the Flexor brevis pollicis, and the First
:

dorsal interosseous.

The metacarpal bone of the index finger (fig. 226) is the longest, and its base
the largest, of the other four. Its carpal extremity is prolonged upwards and
inwards, forming a prominent ridge. The. dorsal and palmar surfaces of this
extremity are rough, for the attachment of tendons and Hgaments. It presents
four articular facets three on the upper aspect of the base
the middle one of
the three is the largest, concave from side to side, convex from before backwards,
:

;

for articulation with the trapezoid

the external one is a small, flat, quadrilateral
with the trapezium the internal one on the summit of the
ridge is long and narrow, for articulation with the os magnum.
The fourth facet
is on the inner or ulnar side of the extremity of the bone, and is
for articulation
with the third metacarpal bone.
The side to which this bone belongs is indicated by the absence of the lateral
facet, for articulation

;

;
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facet on the outer (radial) side of its base, so that if the bone is placed with its
base towards the student, and the palmar surface upwards, the side on which
there is no lateral facet will be that to which it belongs.
Attachment of Muscles. To six Flexor carpi radialis, Extensor carpi radialis
longior, x\dductor obliquus pollicis, First and Second dorsal interosseous, and

—

First

:

palmar interosseous.

The metacarpal bone

of the middle finger (fig. 227) is a little smaller than the
presents a pyramidal eminence (the styloid process) on the radial
side of its base (dorsal aspect), which extends upwards behind the os magnum;
immediately below this, on the dorsal aspect, is a rough surface for the attach-

preceding

;

it

The carpal, articular facet is
of the Extensor carpi radialis brevior.
concave behind, flat in front, and articulates with the os magnum. On the
radial side is a smooth, concave facet for articulation with the second metacarpal
bone, and on the ulnar side two small, oval facets, for articulation with the
ment

fourth metacarpal.
Fig.

226.— The second metacarpal.

(Left.)

Fig. 227.

— The third metacarpal.

^tyUuoL
/!/- i-:'pc-iu.fn,
i

Cai '''rapezi^cd.

For OS

For 3''^meici£cy^crJ:
fruynMn.

Fo>T^

process mUac£wpoU.
For a^Za^rktn

(Left.)

For 4.^
mMacarjicU

The side to which this bone belongs is easily recognised by the styloid
process on the radial side of its base. With the palmar surface uppermost, and
the base towards the student, this process points towards the side to which the
bone belongs.
Attachment of Muscles. To six Extensor carpi radialis brevior. Flexor carpi

—

:

Adductor transversus pollicis, i\-dductor obliquus pollicis, and Second
and Third dorsal interosseous.
The metacarpal bone of the ring-finger (fig. 228) is shorter and smaller than the
preceding, and its base small and quadrilateral the carpal surface of the base
presenting two facets, for articulation with the unciform and os magnum. On
the radial side are two oval facets, for articulation with the third metacarpal
bone and on the ulnar side, a single concave facet, for the fifth metacarpal.
If this bone is placed with the base towards the student, and the palmar
surface upwards, the radial side of the base, which has two facets for articulation
with the third metacarpal bone, will be on the side to which it belongs. If, as
sometimes happens in badly marked bones, one of these facets is indistinguishable, the side may be known by selecting the surface on which the larger
radialis,

;

;
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articular facet is present.

This facet

therefore be situated on the ulnar

not belong.

is

for tlie fifth

side— that

—

is,

metacarpal bone, and would

the one to which the bone does

Attachment of Muscles. To three the Third and Fourth dorsal and Second
palmar interosseous.
The metacarpal bone of the little finger (fig. 229) presents on its base one
facet, which is concavo-convex, and which articulates with the unciform bone,
and one lateral, articular facet, which articulates wdth the fourth metacarpal
On its ulnar side is a prominent tubercle, for the insertion of the tendon
bone.
The dorsal surface of the shaft is marked by an
carpi ulnaris.
Extensor
of the
oblique ridge, which extends from near the ulnar side of the upper extremity to
:

The outer division of this surface serves for the
the radial side of the lower.
interosseous muscle; the inner division is
dorsal
Fourth
the
of
attachment
smooth, and covered by the Extensor tendons of the little finger.
If this

bone

is

placed with

its

base towards the student, and

its

palmar

surface upwards, the side of the head w^hich has a lateral facet will be that to
which the bone belongs.
Fig. 228.

—The fourth metacarpal.

Fig. 229.

(Left.

—The

metacarpal.

fifth

forS'^nieia-

For

jneiOjoaf/iaZ

Jb/-- cuTLe-

(Left.)

farm.

i

TKo^/tuTiZ

3r il/zci/br/Ti.

—

Attachment of Muscles. To five the Extensor carpi ulnaris. Flexor carpi
metacarpi minimi digiti, Fotu-th dorsal, and Third x^almar
:

ulnaris, Flexor ossis

interosseous.

—

Articulations.
Besides the phalangeal articulations, the first metacarpal
bone articulates with the trapezium the second with the trapezium, trapezoid,
OS magnum, and third metacarpal bones the third with the os magnum, and
second and fourth metacarpal bones the fourth with the os magnum, unciform,
and third and fifth metacarpal bones and the fifth with the unciform and fourth
;

;

;

;

metacarpal.

The

has no lateral facets on its carpal extremity the second has no
on its radial side, but one on its ulnar side the third has one on
radial and two on its ulnar side
the fourth has two on its radial and one on
ulnar side and the fifth has only one on its radial side.
first

;

lateral facet
its

its

;

;

;

PHALANGES
The Phalanges (internodia) are the bones of the fingers they are fourteen in
number, three for each finger, and two for the thumb. They are long bones.
;
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and present for examination a shaft and two extremities. The shaft tapers from
above downwards, is convex posteriorly, concave in front from above downwards,

from side to side, and marked laterally by rough ridges, which give attachment to the fibrous sheaths of the Flexor tendons. The metacarpal extremity or
base, in the first row presents an oval, concave, articular surface, broader from
and the same extremity in the other
side to side than from before backwards
two rows, a double concavity, separated by a longitudinal median ridge, extendThe digital extremities are smaller than the others,
ing from before backwards.
and terminate, in the first and second rows, in two small, lateral condyles,
the articular surface being prolonged farther
separated by a slight groove
forwards on the palmar than on the dorsal surface, especially in the first row.
The Ungual Phalanges are convex on their dorsal, flat on their palmar
surfaces they are recognised by their small size, and by a roughened, elevated
surface of a horseshoe form on the palmar aspect of their ungual extremity,

flat

;

;

;

which serves

to support the sensitive

phalanges
second row.

of

;

— The

pulp of the finger.

row with the metacarpal bones and the second row
the second row with the first and third
the third with the

Articulations.

first

;

—

Attachment of Muscles. To the base of the first phalanx of the thumb, five
muscles the Extensor brevis pollicis. Flexor brevis poUicis, Abductor polhcis,
Adductor transversus and obliquus pollicis. To the second phalanx, two the
Flexor longus pollicis and the Extensor longus pollicis. To the base of the first
phalanx of the index finger, the First dorsal and the First palmar interosseous
to that of
to that of the middle finger, the Second and Third dorsal interosseous
and to
the ring-finger, the Fourth dorsal and the Second palmar interosseous
that of the Uttle finger, the Third palmar interosseous, the Flexor brevis minimi
To the second phalanges, the Flexor
digiti, and Abductor minimi digiti.
sublimis digitorum. Extensor communis digitorum, and, in addition, the Extensor
To
indicis to the index finger, the Extensor minimi digiti to the little finger.
the third phalanges, the Flexor profundus digitorum and Extensor communis
:

:

;

;

;

digitorum.

—

Surface Form. On the front of the wrist are two subcutaneous eminences, one on the
radial side, the larger and flatter, due to the tuberosity of the scaphoid and the ridge on
The tubercle
the trapezium ; the other, on the ulnar side, caiised by the pisiform bone.
front of the apex of the styloid process of the
of the scaphoid is to be felt just below and
Immediately below
It is best perceived by extending the hand on the forearm.
radius.
this is the ridge on the
is to be felt another prominence, better marked than the tubercle
trapezium, which gives attachment to some of the short muscles of the thumb. On the
inner side of the front of the wrist the pisiform bone is to be felt, forming a small but
promment projection in this situation. It is some distance below the styloid process of
the uhaa, and ina,y be said to be just below the level of the styloid process of the radius.
The rest of the fi'ont of the carpus is covered by tendons and the annular ligament, and
entirely concealed, with the exception of the hooked process of the unciform, which can
only be made out with difficulty. The back of the carpus is convex and covered by the
Extensor tendons, so that none of the posterior surfaces of the bones are to be felt, with
the exception of the cuneiform on the mner side. Below the carpus the dorsal surface
of the metacarpal bones except the fifth are covered by tendons, and are scarcely visible
except in verj^ thin hands. The dorsal surface of the fifth is, however, subcutaneous
throughout almost its whole length, and is plainly to be perceived and felt. In addition to
this, slightlj' external to the middle line of the hand, is a proiuinence, frequently well
marked, but occasionally indistinct, formed by the base of the metacarpal of the middle
finger.
The heads of the metacarpal bones are plainly to be felt and seen, roiuided in

m

;

m

bold relief under the skin, when the fist is clenched. It
contour and standing out
should be borne in mind that when the fingers are flexed on the hand, the articular
surfaces of the first phalanges glide off the heads of the metacarpal bones on to their
anterior surfaces
so that the heads of these bones form the prominence of the knuckles
and receive the force of any blow which may be given. The head of the third metacarpal
bone is the most prominent, and receives the gi-eater part of the shock of the blow. This bone
articulates with the os magnum, so that the concussion is carried through this bone to the
scaphoid and semilunar, with which the head of the os magnum articulates, and by these
bones is transferred to the radius, along w^hich it may be carried to the capitellum of
the humerus.
The enlarged extremities of the phalanges are to be plainty felt thev form
;

:

S
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phalanges of the joints
the joints of the fingers. When the digits are bent, the proximal
form prominences, which in the joint between the first and second phalanges is slightly
whilst in the
hollowed, in accordance with the grooved shape of their articular siu'faces,
In the palm of the hand the four
last row the prominence is flattened and square-shaped.
inner metacarpal bones are covered by muscles, tendons, and the palmar fascia, and no
the thumb, on the
part of them but their heads is to be distinguished. With regard to
below the styloid prodorsal aspect, the base of the metacarpal bone forms a prominence,
the shaft is to be felt, covered by tendons, terminating at its head in a
cess of the radius
bones.
flattened prominence, in front of which can be felt the sesamoid
Surgical Anatomy .—The carpal bones are little liable to fracture, except from extreme
;

amputation. Occasionally they
violence, when the parts are so comminuted as to necessitate
The metacarpal bones and the phalanges are not
are the 'seat of tuberculous disease.
unfrequently broken from direct violence. The first metacarpal bone is the one most comfractured, then the second, the fourth and the fifth, the third being the one least

monly

There are two diseases

frequently broken.

Fig. 230.

of the

metacarpal bones and phalanges which

— Plan of the development of the hand.

CABPUS

One centre for each hone

:

All cartilagino7is at birth

Apjpears

8rcl

Unite

year

Wth

year

App)ears 8th week

METACABPUS
Tloo centres for each hone :
One for shaft
One for digital extremity
except first

PHALANGES

Two

centres for each hone
One for shaft

:

One for metacarpal
extremity

Api^ears ith-^th

war

Unite 18t7i-20th year

Appears Sih week

Appeara Uh-hth year
Unite I8th-20t?i year

t— Appears

Sth week

One is tuberculous
require special mention on account of the frequency of their occurrence.
dactylitis, consisting in a deposit of tuberculous material in the medullar}^ canal, expansion
The other is chondroma,
of the bone, with subsequent caseation and resulting necrosis.
which is perhaps more frequently found in connection with the metacarpal bones and
phalanges than with any other bones. The tumours are commonly multiple, and may
spring either from the medullary canal, or from the periosteum.

Development of the Bones of the Hand
The Carpal Bones
all

cartilaginous.

OS

magnum and

are each developed

by a

siiigle centre.

At

birth,

they are

In the
230)
an ossific point appears during the first year, the

Ossification proceeds in the following order

unciform

former preceding the latter in the cuneiform, at the third year
;

(fig.

;

:

in the trapezium

;
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at the fifth year, the

and semilunar,
at the sixth

year

;

former preceding
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tlie latter

in the trapezoid, during the eighth year

;

;

and

in the scaphoid,
in the pisiform,

about the twelfth year.

The Metacarpal Bones are each developed by two centres one for the shaft,
and one for the digital extremity, for the four inner metacarpal bones one for
the shaft, and one for the base, for the metacarpal bone of the thumb, which in
:

;

this respect

resembles the phalanges.*

the shaft about the eighth or ninth week,

Ossification

commences

and gradually proceeds

in the centre of
to either

end

of

about the third year the digital extremities of the four inner metathe bone
carpal bones, and the base of the first metacarpal, begin to ossify, and they unite
;

about the twentieth year.

The Phalanges are each developed by hvo centres one for the shaft, and
one for the base. Ossification commences in the shaft, in all three rows, at
about the eighth week, and gradually involves the whole of the bone excepting
Ossification of the base commences in the first row
the upper extremity.
between the third and fourth years, and a year later in those of the second and
The two centres become united, in each row, between the eighteenth
third rows.
and twentieth years.
In the ungual phalanges the centre for the shaft appears at the distal
extremity of the phalanx, instead of at the middle of the shaft as is the case
with the other phalanges.
:

Of the Lower Extremity
The Lower Extremity consists of three segments, the thigh, leg, and foot,
which correspond to the arm, forearm, and hand in the upper extremity. It is
connected to the trunk through the os innominatum, or hip-bone, which forms
the pelvic girdle.

The Os Innominatum
The Os Innominatum (in, not nomino, I name), or nameless hone, so called
from bearing no resemblance to any known object, is a large, irregularly shaped,
With its
flat bone, constricted in the centre and expanded above and below.
fellow of the opposite side, it forms the sides and anterior wall of the pelvic
cavity.
In young su-bjects it consists of three separate parts, which meet and
form the large, cup-like cavity situated near the middle of the outer surface of
the bone and, although in the adult these have become united, it is usual to
the ilium, the ischium, and
describe the bone as divisible into three portions
;

:

—

the OS pubis.

The ilium, so called from its supporting the flank {ilia), is the superior, broad
and expanded portion which runs upwards from the upper and back part of the
acetabulum, and forms the prominence of the hip.
The ischium (lo-xtW, the hip) is the inferior and strongest portion of the bone
it proceeds downwards from the acetabulum, expands into a large tuberosity,
and then, curving upwards, forms, with the descending ramus of the os pubis, a
large aperture, the obtu.rator foramen.

The OS pubis is that portion which extends inwards from the inner side of the
acetabulum for about two inches, then makes a sudden bend, and descends for
about one inch it forms the front of the pelvis, supports the external organs of
generation, and has received its name from the skin over it being covered with
:

hair.

—

The Ilium presents for examination two surfaces an external and an
an anterior and a posterior.
a crest, and two borders
* Allen Thomson has demonstrated the fact that the first metacarpal bone is often

internal

—

—

develo]ped from three centres
that is to say, there is a separate nucleus for the distal end,
forming a distinct epiphysis visible at the age of seven or eight years. He also states
that there are traces of a proximal epiphysis in the second metacarpal bone. Journal
of Anatomy, 1869.
;

S 2

'
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External Surface or Dorsum of the Ilium (fig. 231).— The back part of this
surface is directed backwards, downwards, and outwards its front part forwards,
downwards, and outwards. It is smooth, convex in front, deeply concave
behind; bounded above by the crest, below by the upper border of the
acetabulum in front and behind, by the anterior and posterior borders. This
;

;

crossed in an arched direction by three semicircular hnes— the
The superior curved hne, the shortest
superior, middle, and inferior curved lines.
surface

is

Fig. 231.

— Rig;ht os innominatum.

External surface.

Crest of ilium

Anterior superior
sjnne

Anterior ivfericr spive

Ilio-jjectineal line

for Gimhernat's ligament

Sjnne of os pubis
Ponpart's liganie
^~'^~\

Gemellus superior
Spine of ischium

I

Angle of

i

•pubis
Rectwi abdc

Pyramidt
Gemellus inferio

of the three,

extremity

;

commences

it is

at the crest,

at first distinctly

about two inches in front of its posterior
marked, but as it passes downwards and out-

wards to the upper part of the great sacro-sciatic notch, where it terminates, it
becomes less marked, and is often altogether lost. Behind this line is a narrow
semilunar surface, the upper part of which is rough and affords attachment to
part of the Gluteus maximus the lower part is smooth and has no muscular
fibres attached to it.
The middle curved line, the longest of the three, com;
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at the crest, about an inch behind its anterior extremity, and, taking a
curved direction downwards and baclcwards, terminates at the upper part of
The space between the superior and middle
the great sacro-sciatic notch.
curved hues and the crest is concave, and affords attachment to the Gluteus
medius muscle. Near the central part of this line may often be observed the
The inferior curved line, the least distinct of the
orifice of a nutrient foramen.
three, commences in front at the notch on the anterior border, and, taking a

mences

Fig.

-Kight OS innominatnm.

Internal surface.

TRAN5UEPSUS PERINSl
ERECTOR PENIS

curved direction backwards and downwards, terminates at the middle of the
great sacro-sciatic notch.
The surface of bone included between the middle and
inferior curved lines is concave from above downwards, convex from before
backwards, and affords attachment to the Gluteus minimus muscle. Beneath
the inferior curved line, and corresponding to the upper part of the acetabulum,
is a roughened surface (sometimes a depression), to which is attached the reflected
tendon of the Rectus femoris muscle.
The Internal Surface (fig. 232) of the ilium is bounded above by the crest;
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continuous with the pelvic surfaces of the os pubis and ischium, a
and before and behind it is
only indicating the place of union
bounded by the anterior and posterior borders. It presents anteriorly a large,
smooth, concave surface, called the internal iliac fossa, or venter of the ilittm,
which lodges the Iliacus muscle, and presents at its low^er part the orifice of a
nutrient canal and l^elow this a smooth, rounded border, the linea ilio-jjectinea,
which separates the iliac fossa from that portion of the internal surface which

below

faint

is

it

line

;

;

enters into the formation of the true pelvis, and which gives attachment to part
Behind the iliac fossa is a rough surface,

of the Obturator internus muscle.

divided into two portions, an anterior and a posterior.

The

anterior or auricvilar

resemblance in shape to the ear, is coated with
cartilage in the recent state, and articulates with a surface of similar shape on the
The posterior portion is rough, for the attachment of the
side of the sacrum.
posterior sacro-iliac ligaments and for a part of the origin of the Erector spinse.
The crest of the ilium is convex in its general outline and sinuously curved,
being concave inwards in front, concave outwards behind. It is longer in the
female than in the male, very thick behind, and thinner at the centre than at the
extremities.
It terminates at either end in a prominent eminence, the anterior
portion, so

called

from

its

The surface of the crest is broad,
superior and posterior superior spinous process.
and divided into an external lip, an internal lip, and an intermediate space. To
the external lip is attached the Tensor vaginge femoris, Obliquus externus
abdominis, and Latissimus dorsi, and by its whole length the fascia lata to the
space between the lips, the Internal oblique to the internal lip, the Transversalis,
Quadratus lumborum, and Erector spinae, the Iliacus, and the fascia iliaca.
The anterior border of the ilium is concave. It presents two projections,
separated by a notch. Of these, the uppermost, situated at the junction of the
crest and anterior border, is called the anterior superior spinous pirocess of the
ilium, the outer border of which gives attachment to the fascia lata, and the
origin of the Tensor vaginae femoris
whilst its
its inner border, to the Iliacus
extremity affords attachment to Poupart's ligament and the origin of the
Sartorius.
Beneath this eminence is a notch w^hich gives attachment to the
Sartorius muscle, and across which passes the external cutaneous nerve.
Below
the notch is the anterior inferior spinous process, which terminates in the upper
lip of the acetabulum
it gives attachment to the straight tendon of the Eectus
femoris muscle and the ilio-femoral ligament.
On the inner side of the anterior
inferior spinous process is a broad, shallow groove, over which passes the Iliacus
muscle. This groove is bounded internally by an eminence, the ilio -pectineal,
which marks the point of union of the ilium and os pubis.
The posterior border of the ilium, shorter than the anterior, also presents two
projections separated by a notch, the posterior superior and the posterior inferior
spinous p)rocesses.
The former corresponds with that portion of the posterior
surface of the ilium which serves for the attachment of the oblique portion of the
sacro-iliac ligaments and the Multifidus spinee
the latter to the auricular portion which articulates with the sacrum.
Below the posterior inferior spinous
process is a deep notch, the great sacro-sciatic.
The Ischium forms the lower and back part of the os innominatum. It is
divisible into a thick and solid portion, the body
a large, rough eminence, on
which the body rests in sitting, the tuberosity and a thin, ascending part, the
;

;

;

;

;

;

;

;

ramtis.

The body, somew^hat
and posterior

internal,

;

triangular in form, presents three surfaces, external,

and three borders, external,

internal,

and

posterior.

The

external surface corresponds to that portion of the acetabulum formed by the

ischium

it is smooth and concave, and forms a little more than two-fifths of
the acetabular cavity its outer margin is bounded by a prominent rim or lip,
the external border, to which the cotyloid fibro- cartilage is attached. Below the
acetabulum, between it and the tuberosity, is a deep groove, along which the
tendon of the Obturator externus muscle runs, as it passes outwards to be inserted
;

;
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The internal surface is smootli, concave,
into the digital fossa of the femur.
and enters into the formation of the lateral boundary of the true pelvic cavity.
This

surface

is

perforated

by two or three

vascular foramina, and

large,

attachment to part of the Obturator internus muscle. The posterior
Below, where it joins
surface is quadrilateral in form, broad and smooth.
the tuberosity, it presents a groove continuous with that on the external
The lower edge of
surface, for the tendon of the Obturator externus muscle.
this groove is formed by the tuberosity of the ischium, and affords attachment
This surface is limited, in front, by the margin
to the Gemellus inferior muscle.
behind, by the posterior border it supports the Pyriformis,
of the acetabulum
the two Gemelli, and the Obturator internus muscles, in their passage
outwards to the great trochanter. The external border forms the prominent rim
To it
of the acetabulum, and separates the posterior from the external surface.
The internal border is thin, and forms
is attached the cotyloid fibro- cartilage.
the outer circumference of the obturator foramen.
The piosterior border of the
body of the ischium presents, a little below the centre, a thin and pointed
triangular eminence, the spine of the ischium, more or less elongated in different
subjects its external surface gives attachment to the Gemellus superior, its
internal surface to the Coccygeus and Levator ani
whilst to the pointed
extremity is connected the lesser sacro-sciatic ligament. Above the spine is a
notch of large size, the great sacro-sciatic, converted into a foramen by the lesser
sacro-sciatic ligament
it transmits the Pyriformis muscle, the gluteal vessels
and superior gluteal nerve, the sciatic vessels, the greater and lesser sciatic
nerves, the internal pudic vessels and nerve, and muscular branches from the
sacral plexus.
Of these, the gluteal vessels and superior gluteal nerve pass out.
above the Pyriformis muscle, the other structures below it. Below the spine is
it is smooth, coated in the recent state
a smaller notch, the lesser sacro-sciatic
with cartilage, the surface of which presents numerous markings corresponding
to the subdivisions of the tendon of the Obturator internus, which winds over it.
It is converted into a foramen by the sacro-sciatic ligaments, and transmits the
tendon of the Obturator internus, the nerve which supplies that muscle, and the
internal pudic vessels and nerve.
The tuberosity presents for examination three surfaces external, internal,
and inferior. The external surface is quadrilateral in shape and rough for the
attachment of muscles. It is bounded above by the groove for the tendon of the
Obturator externus in front it is limited by the posterior margin of the obturator
foramen, and below it is continuous with the ramus of the bone; behind, it is
bounded by a prominent margin which separates it from the inferior surface. In
front of this margin the surface gives attachment to the Quadratus femoris, and
anterior to this to some of the fibres of origin of the Obturator externus.
The
lower part of the surface gives origin to part of the Adductor magnus. The
internal surface forms part of the bony wall of the true pelvis.
In front, it is
limited by the posterior margin of the obturator foramen.
Behind, it is bounded
by a sharp ridge, for the attachment of a falciform prolongation of the great
sacro-sciatic ligament
inner side of this for the
it present a groove on the
lodgment of the internal pudic vessels and nerve and, more anteriorly, has
attached the Transversus perinaei and Erector penis muscles.
The inferior surface is divided into two portions
an anterior, rough, somewhat triangular part,
and a posterior, smooth, quadrilateral portion. The anterior surface is subdivided
by a prominent vertical ridge, passing from base to apex, into two parts the outer
one gives attachment to the Adductor magnus, the inner to the great sacrosciatic ligament.
The posterior portion is subdivided into two facets by an
oblique ridge, which runs forwards and outwards from the upper and outer
facet arises the Semi-membranosus
from the lower and inner, the Biceps and
affords

;

;

;

;

;

;

:

;

;

;

:

;

;

;

Semi-tendinosus.
The ramus, or ascending ramus, is the thin, flattened part of the ischium, which
ascends from the tuberosity upwards and inwards, and joins the ramus of the os
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—

pubis theii^ point of junction being indicated in tlie adult by a rough line. The
outer surface of the ramus is rough, for the attachment of tlie Obturator externus
muscle, and also some fibres of the Adductor magnus its inner surface forms
Its inner border is thick, rough, slightlypart of the anterior wall of the pelvis.
everted, forms part of the outlet of the pelvis, and presents two ridges and an
intervening space. The ridges are continuous with similar ones on the descending ramus of the os pubis to the outer one is attached the deep layer of the
superficial perineal fascia, and to the inner the anterior layer of the triangular
ligament of the perinaBum. If these two ridges are traced downwai^ds, they will
be found to join with each other just behind the point of origin of the Transversus perinaei muscle here the two layers of fascia are continuous behind the
posterior border of the muscle.
To the intervening space, just in front of the
point of jmiction of the ridges, is attached the Transversus perinsei muscle, and
in front of this a portion of the crus penis vel clitoridis and the Erector penis vel
clitoridis muscle.
Its outer border is thin and sharp, and forms part of the inner
margin of the obturator foramen.
The Os Pubis forms the anterior part of the os innominatum, and, with the
bone of the opposite side, forms the front boundar}' of the true pelvic cavity. It
is divisible into a body, an ascending and a descending ramus.
The body is somewhat quadrilateral in shape, and ipresents for examination
two surfaces and three borders. The anterior surface is rough, directed forwards
and outwards, and serves for the attachment of various muscles. To the upper
and inner angle, immediately below the crest, is attached the Adductor longus
lower down, from without inwards, are attached the Obturator externus, the
Adductor brevis, and the upper part of the Gracilis. The posterior surface,
convex from above downwards, concave from side to side, is smooth, and forms
part of the anterior wall of the pelvis.
It gives attachment to the Levator ani.
Obturator internus, a few muscular fibres prolonged from the bladder, and the
pubo-prostatic ligaments.
The upper border presents for examination a prominent tubercle, which projects forwards and is called the spine to it is attached
the outer pillar of the external abdominal ring and Poupart's ligament. Passing
outwards from this is a prominent ridge, forming part of the ilio-pectineal
line which, running outwards, marks the brim of the true pelvis
to it is attached
a portion of the conjoined tendon of the Internal oblique and Transversalis
muscles, Gimbernat's ligament and the triangular ligament of the abdomen.
Internal to the spine of the os pubis is the crest, which extends from this prbcess
to the inner extremity of the bone.
It affords attachment, anteriorly, to the
conjoined tendon of the Internal oblique and Transversalis and posteriorly, to
the Pectus and Pyramidalis muscles.
The point of junction of the crest with the
inner border of the bone is called the angle to it, as well as to the symphysis, is
attached the internal pillar of the external abdominal ring. The internal border
is the symphysis
it is oval, covered by eight or nine transverse ridges, or a
series of nipple-like processes arranged in rows, separated by grooves
they serve
for the attachment of a thin layer of cartilage, placed between it and the central
fibro-cartilage.
The outer border presents a sharp margin, which forms part
of the circumference of the obturator foramen and affords attachment to the
obturator membrane.
;

:

;

;

;

:

;

;

;

;

The ascending- or superior ramus extends from the body to the point of junction of the OS pubis with the ilium, and forms the upper part of the circumference
of the obturator foramen.
It presents for examination a superior, inferior, and
posterior surface,

tmuation

and an outer extremity.

of the ilio-pectineal line, already

The

superior surface presents a con-

mentioned as commencing on the body
of the bone. In front of this ridge, the surface of bone is triangular in form,
wider externally than internally, smooth, and affords attachment to the Pectineus
muscle. The surface is bounded externally by a rough eminence, the ilio2Jectineal, which serves to indicate the point of junction of the ilium and os pubis,
and gives attachment to the Psoas parvus, when this muscle is present. The
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triangular surface for the Pectineus muscle is bounded below by a prominent ridge,
the ohturator crest, which extends from the margin of the acetabulum, at the
The inferior
anterior extremity of the cotyloid notch, to the spine of the os pubis.
surface forms the upper boundary of the obturator foramen, and presents, externally, a broad and deep, oblique groove, for the passage of the obturator vessels

margin which forms part of the circumference
foramen, and to which the obturator membrane is attached.
The posterior surface forms part of the anterior boundary of the true pelvis.
It is smooth, convex from above downwards, and affords attachment to the upper
The outer extremity, the thickest part of the
fibres of the Obturator internus.
ramus, forms one-fifth of the cavity of the acetabulum.
The descending or inferior ramus of the os pubis is thin and flattened. It
passes outwards and downwards, becoming narrower as it descends and joins
with the ramus of the ischium. Its anterior surface is rough, for the attachment
the Gracilis along its inner border a portion of the Obturator
of muscles
externus where it enters into the formation of the foramen of that name and
between these two muscles, the x^dductores brevis and magnus from within outwards. The pos,teyior surface is smooth, and gives attachment to the Obturator
internus, and, close to the inner margin, to the Compressor urethrte.
The inner
It presents two ridges,
border is thick, rough, and everted, especially in females.
separated by an intervening space. The ridges extend downwards, and are continuous with similar ridges on the ascending ramus of the ischium to the
external one is attached the deep layer of the superficial perineal fascia, and to
the internal one the anterior layer of the triangular ligament of the perinaeum.
The outer border is thin and sharp, forms part of the circumference of the
obturator foramen, and gives attachment to the obturator membrane.
The cotyloid cavity, or acetabulum, is a deep, cup-shaped, hemispherical
depression, directed downwards, outwards, and forwards formed internally by
the OS pubis, above by the ilium, behind and below by the ischium a little less
than two-fifths being formed by the ihum, a little more than two-fifths by the
ischium, and the remaining fifth by the pubic bone. It is bounded by a prominent,
uneven rim, which is thick and strong above, and serves for the attachment of a
fibro-cartilaginous structure which contracts its orifice, and deepens the surface
for articulation.
It presents, on its inner side, a deep notch, the cotyloid notch,
which is continuous with a circular depression, the fossa acetahuli, at the bottom
of the cavity
this depression is perforated by numerous apertures, lodges a
mass of fat, and its margins, as well as those of the notch, serve for the attachment of the ligamentum teres. The notch is converted, in the natural state,
Through
into a foramen by a dense ligamentous band which passes across it.
this foramen tlie nutrient vessels and nerves enter the joint.
The obturator or thyroid foramen is a large apertm-e, situated between the
ischium and os pubis. In the male it is large, of an oval form, its longest diameter
being obhquely from above downwards in the female it is smaller, and more
triangular.
It is bounded by a thin, uneven margin, to which a strong
membrane is attached and presents, at its upper and outer part, a deep groove,
which runs from the pelvis obliquely forwards, inwards, and downwards. This
groove is converted into a foramen by the obturator membrane, and transmits

and nerve

;

and

internally, a sharp

of the obturator

—

;

;

;

;

;

:

;

;

the obturator vessels

and nerve.

— This bone consists of

much cancellous tissue, especially where it
between two layers of dense, compact tissue. In the thinner
parts of the bone, as at the bottom of the acetabulum and centre of the ihac
fossa, it is usually semi-transparent, and composed entirely of compact tissue.
Development (tig. 233). By eight centres three primary one for the ilium,
one for the ischium, and one for the os pubis and five secondary one for the
crest of the ilium, one for the anterior inferior spinous process (said to occur
more frequently in the male than the female), one for the tuberosity of the
ischium, one for the symphysis pubis (more frequent in the female than the
Structure.

is

thick, enclosed

—

—

;

;

—

;
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male), and one for the y -shaped piece at the bottom of th_e acetabulum.
These
First, in the ilium, at the lower
various centres appear in the following order
part of the bone, immediately above the sciatic notch, at about the eighth or ninth
week secondly, in the body of the ischium, at about the third month of foetal
thirdly, in the body of the os pubis, between the fourth and fifth months.
life
At birth, the three primary centres are quite separate, the crest, the bottom of
the acetabulum, and the rami of the ischium and pubes being still cartilaginous.
At about the seventh or eighth year, the rami of the os pubis and ischium are
almost completely ossified. About the thirteenth or fourteenth year, the three
divisions of the bone have extended their growth into the bottom of the
:

;

;

acetabulum, being separated from each other by a Y -shaped portion of cartiwhich now presents traces of ossification, often by two or more centres.
The ilium and ischium then become joined, and lastly the os pubis, through the
intervention of this Y-shaped portion.
At about the age of puberty, ossification

lage,

Fig. 233.
B11
J3]j

— Plan of the development of the os innominatiun.

Three primary {Ilium, Ischium,
pinhf centres
^A.,/rPQ-!
eignt
(

-^^^^

and Os Pubis)

secondary

0-

centres unite through Y-shaped piece ahout puierty.
and unite about loth year

The three 2^rimary

Ep)ip)hyses appiear about jJuherty,

takes place in each of the remaining portions, and they become joined to the rest
of the bone about the twenty-fifth year.
Articulations.
With its fellow of the opposite side, the sacrum and femur.

—

—

Attachment of Muscles. To the ilmm, sixteen. To the outer lip of the crest,
the Tensor vaginte femoris, Obliquus externus abdominis, and Latissimus dorsi
to the internal lip, the Iliacus, Transversalis, Quadratus lumborum, and Erector
spinge
to the interspace between the lips, the Obliquus internus.
To the outer
surface of the ilium, the Gluteus maximus. Gluteus medius, Gluteus minimus,
reflected tendon of the Eectus
to the upper part of the great sacro-sciatic notch
;

;

a portion of the Pyriformis
of the internal surface

;

to the internal surface, the Iliacus

below the linea

ilio-peetinea, the

;

to that portion

Obturator internus

;

and

the Multifidus spinas to the internal surface- of the posterior superior spine to
the anterior border, the Sartorius and straight tendon of the Eectus.
To the
ischmm, thirteen. To the outer surface of the ramus, the Obturator externus
;

and Adductor magnus

;

to

the internal

surface, the

Obtu.rator internus

and
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Erector penis. To the spine, the Gemellus superior, Levator ani, and Coccygeus.
To the tuberosity, the Biceps, Semi-tendinosus, Semi-membranosus, Quadratus
femoris, Adductor magnus, Gemellus inferior, Transversus perin^i, Erector penis.
To the OS pubis, sixteen Obliquus externus, Obliquus internus, Transversalis,
Rectus, Pyramidalis, Psoas parvus, Pectineus, Adductor magnus, Adductor longus,
Adductor brevis. Gracilis, Obturator externus and internus, Levator ani.
Compressor urethrae, and occasionally a few fibres of the Accelerator urinae.
:

The Pelvis

(figs.

234, 235)

The Pelvis, so called from its resemblance to a basin (L. pelvis), is stronger
and more massively constructed than either the cranial or thoracic cavity it is
a bony ring, interposed between the lower end of the spine, which it supports,
and the lower extremities, upon which it rests. It is composed of four bones
the two ossa innominata, which bound it on either side and in front
and the
sacrum and coccyx, which complete it behind.
;

:

;

,

Fig. 234.

— Male pelvis

(adiilt).

¥
The pelvis is divided by a plane passing through the prominence of the
sacrum, the linea ilio-pectinea, and the upper margin of the symphysis pubis,
into the false

and true

pelvis.

expanded portion of the pelvic cavity which is
bounded on each side by the ossa ilii in front
it is incomplete, presenting a wide interval between the spinous processes of the
ilia on either side, which is filled up in the recent state by the parietes of the

The

false pelvis is all that

situated above this plane.

abdomen

It is

;

This broad, shallow cavity
is a deep notch.
support the intestines, and to transmit part of their weight to the
anterior wall of the abdomen, and is, in fact, really a portion of the abdominal
cavity.
The term false pelvis is incorrect, and this space ought more properly
to be regarded as part of the hypogastric region of the abdomen.
is

;

behind, in the middle line,

fitted to

The true pelvis is all that part of the pelvic cavity which is situated beneath
the plane.
It is smaller than the false pelvis, but its walls are more perfect.
For convenience of description, it is divided into a superior circumference or
an inferior circumference or outlet, and a cavity.
The superior circumference forms the margin or brim

inlet,

of

the pelvis, the

;
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included space being called the inlet. It is formed by the linea ilio-pectinea,
completed in front by the crests of the pubic bones, and behind by the anterior
margin of the base of the sacrum and sacro-vertebral angle. The inlet of the
pelvis is somewhat heart-shaped, obtusely pointed in front, diverging on either
side, and encroached upon behind by the projection forwards of the promontory
antero-posterior (sacro-pubic),
of the sacrum.
It has three principal diameters
The antero-posterior extends from the sacro-vertebral
transverse, and oblique.
angle to the symphysis pubis its average measurement is four inches in the
male, four and three-quarters in the female. The transverse extends across the
greatest width of the inlet, from the middle of the brim on one side to the same
point on the opposite its average measurement is four and a half in the male,
The oblique extends from the margin of the
five and a quarter in the female.
pelvis, corresponding to the ilio-pectineal eminence on one side, to the sacro-iliac
symphysis on the opposite side its average measurement is four and a quarter
in the male, and five in the female.
The cavity of the true pelvis is bounded in front by the symphysis pubis
behind, by the concavity of the sacrum and coccyx, which, curving forwards
:

;

;

;

Fig. 235.

— Female pelvis

(adult).

above and below, contracts the inlet and outlet of the canal and laterally it is
bounded by a broad, smooth, quadrangular surface of bone, corresponding to the
inner surface of the body of the ischium and that part of the ilium which is below
the ilio-pectineal line.
The cavity is shallow in front, measuring at the symphysis
an inch and a half in depth, three inches and a half in the middle, and four inches
and a half posteriorly. From this description, it will be seen that the cavity of
the pelvis is a short, curved canal, considerably deeper on its posterior than on
its anterior wall, and broader in the middle than at either extremity, from the
projection forwards of the sacro-coccygeal column above and below.
This
cavity contains, in the recent subject, the rectum, bladder, and part of the organs
of generation.
The rectum is placed at the back of the pelvis, and corresponds
to the curve of the sacro-coccygeal column
the bladder in front, behind the
symphysis pubis. In the female, the uterus and vagina occupy the interval
between these parts.
The lower circumference of the pelvis is very irregular, and forms what is
called the outlet.
It is bounded by three prominent eminences
one posterior,
formed by the point of the coccyx and one on each side, the tuberosities of the
ischia.
These eminences are separated by three notches one in front, the picbic
arch, formed by the convergence of the rami of the ischia and pubic bones on
;

;

:

;

:

—
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The other notches, one on each side, are formed by the sacrum
in front, and the ihum above
they are called

and coccyx behind, the ischium
the sacro-sciatic notches

;

:

in the natural state they are converted into foramina

In the recent state, when the
ligaments are in situ, the outlet of the pelvis is lozenge-shaped, bounded, in front,
by the subpubic ligament and the rami of the ossa pubes and ischia on each
and behind, by the great sacro-sciatic
side, by the tuberosities of the ischia
ligaments and the tip of the coccyx.
The diameters of the outlet of the pelvis are two, antero-posterior and transThe antero-posterior extends from the tip of the coccyx to the lower part
verse.
its average measurement is three and a quarter inches
of the symphysis pubis
The antero-posterior diameter varies with
in the male and five in the female.
the length of the coccyx, and is capable of increase or diminution, on account of
The transverse extends from the posterior part of
the mobility of that bone.
one ischiatic tuberosity to the same point on the opposite side; the average
measurement is three and a half inches in the male and four and three-quarters
in the female.*
Position of the Pelvis.
In the erect posture, the pelvis is placed obliquely
with regard to the trunk of the body the bony ring, which separates the true
from the false pelvis, and which forms the essential part of the pelvis, is placed
so as to form an angle of about 60° to 65^ with the ground on which we stand.
The pelvic surface of the symphysis pubis looks upwards and backwards, the
concavity of the sacrum and coccyx downwards and forwards the base of the
sacrum in well-formed female bodies being nearly four inches above the upper
border of the symphysis pubis, and the apex
of the coccyx a little more than half an inch
Fig. 236. Vertical section of the

by the lesser and greater sacro-sciatic ligaments.

;

;

;

—

:

;

—

The obliquity is
lower border.
much greater in the foetus, and at an early
In conseperiod of life, than in the adult.
quence of this obliquity of the pelvis, the line
of gravity of the head, which passes through
the middle of the odontoid process of the
axis and through the points of junction of
the curves of the vertebral column to the
sacro-vertebral angle, descends towards the
above

its

front of the cavity, so that

it

pelvis,

with lines indicating the

axes of the pelvis.

bisects a line

drawn transversely throiigh the middle

of

the heads of the thigh-bones. And thus the
centre of gravity of the head is placed

immediately over the heads of the thighbones on which the trunk is supported.
Axes of the Pelvis (fig. 236).— The plane
of the inlet of the true pelvis will be
represented by a line drawn from the base
of the sacrum to the upper margin of the
-pUr^
symphysis pubis. A line carried at right
angles with this at its middle, would correspond at one extremity with the umbilicus, and at the other with the middle
of the coccyx
the axis of the inlet is therefore directed downwards and
:

*

The measiu'enients

of the pelvis given

above are, I believe,

fairlj'

accurate, but

different measurements are given by various authors, no doubt due in a great measure to
differences in the physique and stature of the population from vi^hom the measurements

have been taken. The accompanying chart has been formulated to show the measurements of the pelvis, which are adopted by many obstetricians. Ed.
Inlet

Cavity
Outlet

...'....

A.P.

Obi.

Tr.

4

4|
4^
4i

4|

4-^-

5'

5

4"

2
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backwards. The axis of the outlet, produced upwards, would touch the base of
the sacrum, and is therefore directed downwards and forwards. The axis of the
cavity is curved like the cavity itself this curve corresponds to the concavity of
the sacrum and coccyx, the extremities being indicated by the central points of
A knowledge of the direction of these axes serves to explain
the inlet and outlet.
the course of the foetus in its passage through the pelvis during parturition. It
is also important to the surgeon, as indicating the direction of the force required
:

and as determining the direction in
which instruments should be used in operations upon the pelvic viscera.
Differences between the Male and Female Pelvis.
The female pelvis, looked
at as a whole, is distinguished from the male by the bones being more delicate,
by its width being greater and its depth smaller. The whole pelvis is less
massive, and its bones are lighter and more slender, and its muscular impressions
The iliac fossae are broad and expanded, and the anterior
are slightly marked.
hence the greater prominence of the hips. The
iliac spines widely separated
it is more nearly circular, and the
ijilet in the female is larger than in the male
The cavity is shallower and wider
sacro-vertebral angle projects less forwards.
the sacrum is shorter and wider, and its lower half forms a greater angle with
its upper
the obturator foramina are triangular and smaller in size than in the
male. The outlet is larger and the coccyx more movable. The spines of the
ischia project less inwards.
The tuberosities of the ischia and the acetabula are
wider apart. The pubic arch is wider and more rounded than in the male, where
it is an angle rather than an arch
its pillars are somewhat excavated, and
sloped from within outwards, so that their inner surfaces look forwards. In
consequence of this the width of the fore part of the pelvic outlet is much
increased and the passage of the foetal head facilitated.
The size of the pelvis varies, not only in the two sexes, but also in different
members of the same sex. This does not appear to be influenced in any way by
the height of the individual. Women of short stature, as a rule, have broad
in the removal of calculi from the bladder,

—

;

;

;

;

;

Occasionally the pelvis

pelves.

is

equally contracted in all

its

dimensions, so

much

measure an inch less than the average, and this even in
women of average height and otherwise well formed. The principal divergences,
however, are found at the inlet, and affect the relation of the antero-posterior to
the transverse diameter. Thus we may have a pelvis the inlet of which is
so that all

its diaiiieters

either in a transverse or antero-posterior direction
the transverse
diameter in the former, and the antero-posterior in the latter, greatly exceeding
the other diameters. iVgain, the inlet of the pelvis in some instances is seen to
be almost circular.
The same differences are found in various races. European women are said
to have the most roomy pelves.
That of the negress is smaller, circular in shape,
and with a narrow pubic arch. The Hottentots and Bushwomen possess the

elliptical

;

smallest pelves.

In the
tion, to

fcetus,

and

for several years after birth, the pelvis is small in propor-

that of the adult.

The cavity is deep, and the projection of the sacroThe antero-posterior and transverse diameters are

vertebral angle less marked.

nearly equal.
About iniberty, the pelvis in both sexes presents the general
characters of the adult male pelvis
but after imberty it acquires its proper
sexual characters.
;

—

Surface Form. The pelvic bones are so tliicklj^ covered with muscles that it is only at
certain points that they' approach the sm-face and can be felt through the skin.
In front,
the anterior superior spinous process is easily to be recognised a portion of it is subcutaneous, and in thin subjects ma3' be seen to stand out as a prominence at the outer
extremity of the fold of the groin. In fat subjects its position is marked by an oblique
depression amongst the surrounding fat, at the bottom of which the bony process may be
Proceeding upwards and outwards from this process, the crest of the ilium may be
felt.
traced throughout its whole length, sinuously curved. It is represented, in muscular
subjects, on the surface, by a gi-oove or frirrow, the iliac furrow, caused hj the projection
of flesliy fibres of the External oblique muscle of the abdomen.
It terminates behind in
;

FEMUE

271

the posterior superior spinous process, the position of which is indicated by a sHght
depression on a level with and on each side of the spinous process of the second sacral
Between the two posterior superior spinous processes, but at a lower level, is
vertebra.
Another part of
to be felt the spmous process of the third sacral vertebra (see page 140).
the bony pelvis wliich is easily accessible to the touch is the tuberosity of the ischium,
situated beneath the gluteal fold, and, when the hip is flexed, easily to be felt, as it is then
Finally, the spine of the os pubis can always be
to a great extent uncovered by muscle.
readily felt, and constitutes an important surgical guide, especially in connection with the
It is nearly in the same horizontal line with the upper edge of the gi'eat
subject of hernia.
In thm subjects it is very apparent, but in the obese it is obscm-ed by the
trochanter.
pubic fat. It can, however, be detected by following up the tendon of origin of the

Adductor longus muscle.
Surgical Anatomy. There

—

is arrest of development in the bones of the pelvis in cases
the anterior part of the pelvic girdle being deficient, the
The pubic
bodies of the pubic bones imperfectly developed, and the sj-mphysis absent.
bones are separated to the extent of from two to four inches, the superior rami shortened
and directed forwards, and the obturator foramen diminished in size, narrowed, and turned
outwards. The iliac bones are straightened out more than normal. The sacrum is very
The lateral curve, instead of being concave, is flattened out or even convex, with
peculiar.
the ilio-sacral facets tui'ned more outward than normal, while the vertical curve is

of extroversion of the bladder

;

'

straightened.'

*

Fractures of the pelvis are divided into fractures of the false pelvis and of the true pelvis.
Fractures of the false pelvis vary in extent a small portion of the crest may be broken, or one
of the spinous processes may be torn ofl', and this maj^ be the result of muscular action
or
the bone maybe extensively comminuted. This latter accident is the result of some crushing
violence, and may be complicated with fi-acture of the true pelvis. These cases may be accompanied by injui'y to the intestine as it lies in the hollow of the bone, or to the iliac vessels as
Fractures of the true pelvis generally occur
thej" course along the margin of the true pelvis.
through the ascending ramus of the os pubis and the ascending ramus of the ischium, as this
is the weakest part of the bony ring, and uaay be caused either by crushing violence applied
in an antero-posterior direction, when the fracture occurs from direct force, or by comi:)ression
laterally, when the acetabula are pressed together and the bone gives w&j in the same
Occasionally the fi-acture may be double, occm-ring on both
place from indirect violence.
sides of the body.
It is in these cases that injiu-y to the contained viscera is liable to take
place, the urethra, the bladder, the rectum, the vagma in the female, the small intestines,
and even the uterus, have all been lacerated by a displaced fragment. Fractures of the
acetabulum are occasionally met with either a portion of the rim may be broken off, or a
fi'acture may take place through the bottom of the cavity and the head of the femur driven
inwards and project into the pelvic cavity. Separation of the Y-shaped cartilage at the
bottom of the acetabulum may also occur in the young subject, separating the bone into
its three anatomical portions.
The sacrum is occasionally, but rarely, broken by direct violence i.e. blows, kicks, or
falls on the part.
The lesion may be complicated with injury to the nerves of the sacral
plexus, leading to paralysis and loss of sensation in the lower extremity, or to incontinence
of faeces from paralysis of the sphincter ani.
The pelvic bones often undergo important deformity in rickets, the effect of which in
the adult woman may interfere seriously with child-bearing. In consequence of the 3"ielding
natm^e of the bones, the acetabula become approximated, the symphysis is pushed forward,
and the antero-posterior diameter lessened. In osteo-malacia also great deformity may
occur, the pelvis becoming beak-shaped.
The j)romontory of the sacriun is pushed forward
by the weight of the body, and the sides of the pelvis are approximated by the pressure of
the two thigh-bones this gives to the pelvis the peculiar deformity which is characteristic
;

;

:

—

:

of this disease.

The Femur ok Thigh-bone
The Femur (femur, the thigli) is the longest,t largest, and strongest bone in
and almost perfectly cylindrical in the greater part of its extent.

the skeleton,

In the erect posture

it is

not vertical, being separated from

its

fellow above by a

considerable interval, which corresponds to the entke breadth of the pelvis, but
inclining gradually downwards and inwards, so as to approach its fellow towards
its lower part, for the purpose of bringing the knee-joint near the line of gravity
of the

The degree

body.

of this inclination varies in different persons,

and

is

greater in the female than the male, on account of the greater breadth of the
pelvis.

The femur,

like other

long bones,

is

divisible into

a shaft and two

extremities.
*

Wood.

t In a

Heath's Dictionary of Practical Stirgery,
six feet high, it measures eighteen inches

man

i.

426.

— one-fourth of the whole

bodj'.
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Fig. 237.

— Eight femur.

Upper

The

Anterior surrace

Extremity

presents for examination a
head, a neck, and the great

Obturator mtetnus

and gemeUi
Pijriformis

Depressionfor

'^

'

Hya7nentum

teres

y

and lesser trochanters.
The head, which is globular, and forms rather more

than a hemisphere,
y'>i
i*-^/
I \i

is

directed upwards,

inwards, and a little forwards, the greater
part of its convexity being above and in
front.
Its surface is smooth, coated
with cartilage in the recent state, except

behind and below its centre,
is an ovoid depression, for
the attachment of the ligamentum teres.
The neck is a flattened pyramidal process of bone, which connects the head
with the shaft. It varies in length and
obliquity at various periods of life, and
The
under different circumstances.
at a little

where there

widest in infancy, and becomes
during growth, so that at
puberty it forms a gentle curve from the
In the adult it forms
axis of the shaft.
an angle of about 130° with the shaft,
but varies in inverse proportion to the
development of the pelvis and the stature.
In consequence of the prominence of
the hips and widening of the pelvis in
the female, the neck of the thigh-bone
forms more nearly a right angle with

angle

is

lessened

S hurft

the shaft than it does in man. It has
been stated that the angle diminishes in
old age and the direction of the neck
becomes horizontal, but this statement
Sir
is founded on insufficient evidence/
George Humphry states that the angle

decreases during the period of growth,
but after full growth has been attained
it does not usually undergo any change,

even in old age. He further states that
the angle varies considerably in different
persons of the same age. It is smaller
than in long bones, and when
is vdde.* The neck is flattened
from before backwards, contracted in
the middle, and broader at its outer
extremity, where it is connected with
the shaft, than at its summit, where it
in short

the pelvis

attached to the head. The vertical
diameter of the outer half is increased
by the thickening of the lower edge,

is

S^'i

w^hich slopes

downwards to

join the shaft

at the lesser trochanter, so that the outer

neck
backwards, and

half of the

is

flattened from before
its

vertical

diameter

H'o»H
""•lul'

*
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measures one third more than the antero-posterior. The inner half is smaller,
and of a more circular shape. The anterior stirface of the neck is perforated by
numerous vascular foramina. The posterior surface is smooth, and is broader
and more concave than the anterior it gives attachment to the posterior part of
the capsular ligament of the hip- joint, about half an inch above the posterior
The superior border is short and thick, and terminates
intertrochanteric line.
externally at the great trochanter its surface is perforated by large foramina.
The inferior border, long and narrow, curves a little backwards, to terminate at
;

;

the lesser trochanter.

The Trochanters (rpoxoM, to run or roll) are prominent processes of bone
which afford leverage to the muscles which rotate the thigh on its axis. They
are two in number, the great and the lesser.
The Great Trochanter is a large, irregular, quadrilateral eminence, situated
at the outer side of the neck, at its junction with the upper part of the shaft.
It is directed a little outwards and backwards, and, in the adult, is about threequarters of an inch lower than the head. It presents for examination two surfaces
and four borders. The external surface, quadrilateral in form, is broad, rough, convex, and marked by a prominent diagonal line, which extends from the posterior
superior to the anterior inferior angle this line serves for the attachment of the
tendon of the Gluteus medius. Above the line is a triangular surface, sometimes
rough for part of the tendon of the same muscle, sometimes smooth for the interposition of a bursa between that tendon and the bone.
Below and behind the
diagonal line is a smooth, triangular surface, over which the tendon of the Gluteus
maximus muscle plays, a bursa being interposed. The internal surface is of much
less extent than the external, and presents at its base a deep depression, the digital
or trochanteric fossa, for the attachment of the tendon of the Obturator externus
muscle, and in front of this an impression for the attachment of the Obturator
;

internus and Gemelli. The superior border is free
it is thick and irregular, .and
marked near the centre by an impression for the attachment of the Pyriformis.
The inferior border corresponds to the point of junction of the base of the trochanter with the outer surface of the shaft it is marked by a rough, prominent,
shghtly curved ridge, which gives attachment to the upper part of the Vastus
externus muscle. The anterior border is prominent, somewhat irregular, as well
;

;

as the surface of bone immediately below

it

;

it

affords attachment at its outer

The posterior border is very prominent, and
appears as a free, rounded edge, which forms the back part of the digital fossa.
The Lesser Trochanter is a conical eminence, which varies in size in different
subjects it projects from the lower and back part of the base of the neck. Its
base is triangular, and connected with the adjacent parts of the bone by three
well-marked borders two of these are above the internal continuous with the

part to the Gluteus minimus.

;

—

:

lower border of the neck, the external with the posterior intertrochanteric line
while the inferior border is continuous with the middle division of the linea
aspera.
Its summit, which is directed inwards and backwards, is rough, and
The Iliacus is inserted into
gives insertion to the tendon of the Psoas magnus.
the shaft below the lesser trochanter, between the Vastus internus in front and
the Pectineus behind.
A well-marked prominence, of variable size, which projects from the upper
and front part of the neck, at its junction with the great trochanter, is called the
ttibercle of the femur
it is the point of meeting of five muscles
the Gluteus
minimus externally, the Vastus externus below, and the tendon of the Obturator
internus and Gemelli above. Running obliquely downwards and inwards from
the tubercle is the spiral line of the femur, or anterior intertrochanteric line it
winds round the inner side of the shaft, below the lesser trochanter, and terminates
in the linea aspera, about two inches below this eminence.
Its upper half is
rough, and affords attachment to the capsular ligament of the hip-joint its
lower half is less prominent, and gives attachment to the upper part of the
Vastus internus. Running obliquely downwards and inwards from the summit
;

:

;

;

T
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Fig. 238.- -Eight lemiir.

Posterior

surface.

TURftlOB

r

of the great trochanter

surface of the neck
EXTEHNUS

is

on the posterior
a very prominent

well-marked ridge, the posterior intertroline.
Its upper half forms the

chanteric

posterior border of the great trochanter,
and its lower half runs downwards and

inwards across the neck of the bone to
the upper and back part of the lesser
trochanter.
A slight ridge sometimes
commences about the middle of the
posterior
intertrochanteric
line,
and
passes vertically downwards for about
two inches along the back part of the
shaft
it is called the
linea quadrata,
:

and gives attachment to the Quadraius
femoris and a few fibres of the Adductor

magnus muscles.*
The Shaft, almost
is

a

cylindrical in form,

broader above than in the

little

centre, and somewhat flattened below,
from before backwards.
It is slightly
arched, so as to be convex in front and
concave behind, where it is strengthened
by a prominent longitudinal ridge, the
li7iea aspera.
It presents for examina-

tion

three

borders,

separating

three

Of the three borders, one, the
linea aspera, is posterior
the other two
surfaces.

;

are placed laterally.

The

linea

aspera

(fig.

238)

is

a

prominent longitudinal ridge or crest, on
the middle third of the bone, presenting
an external lip, an internal lip, and a
rough intermediate space. Above, the
crest is prolonged by three ridges.
The
most external one is very rough, and is
continued almost vertically upwards to
the base of the great trochanter.

It is

sometimes termed the gluteal ridge, and
gives attachment to part of the Gluteus
maximus muscle its upper part is often
elongated into a roughened crest, on
which is a more or less well-marked,
rounded tubercle, a rudimental third
trochanter.
The middle ridge, the least
:

'/ro/JUeaiS'/,

distinct, is

r'

continued to the base

trochanter minor
is

lost

femur.

*

of J'opU/eus
slifjht

jr
'V/
^X'"

aA''

of the

and the internal one

above in the spiral line of the
Below, the linea aspera is prolonged by two ridges, which enclose between them a triangular

Orocivcfor tendon

iU *<

;

Generally there is merely a
thickeniuf? about the centre of

the intertrochanteric line, marking
the point of attachment of the
(JlnadratuK femoris.

This

is

termed

by some anatomists the tubercle
tlic

QnadrdtiiH.

oj
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Of these
space, the popliteal surface, upon which rests the popliteal artery.
two ridges, the outer one is the more prominent, and descends to the summit of the
The inner one is less marked, especially at its upper part, where
outer condyle.
It terminates, below, at the summit of the
it is crossed by the femoral artery.
internal condyle, in a small tubercle, the Adductor tubercle, which affords attachment to the tendon of the Adductor magnus.
To the inner lip of the linea aspera and its inner prolongation above and below
and to the outer lip and its outer prolongation
is attached the Vastus internus
above is attached the Vastus externus. The Adductor magnus is attached to
;

and its inner prolongation below.
Between the Vastus externus and the Adductor magnus are attached two
muscles viz. the Gluteus maximus above and the short head of the Biceps
Between the Adductor magnus and the Vastus internus four muscles
below.
the Iliacus and Pectineus above (the latter to the middle of the
are attached
upper divisions) below these, the Adductor brevis and Adductor longus. The
linea aspera is perforated a little below its centre by the nutrient canal, which is
directed obliquely upwards.
The two lateral borders of the femur are only slightly marked, the outer one
extending from the anterior inferior angle of the great trochanter to the anterior
the inner one from the spiral line, at a point
extremity of the external condyle
the linea aspera, to its outer prolongation above,

—

:

;

;

opposite the trochanter minor, to the anterior extremity of the internal condyle.
The internal border marks the limit of attachment of the Crureus muscle internally.

The anterior surface includes that portion of the shaft which is situated
between the two lateral borders. It is smooth, convex, broader above and below
than in the centre, slightly twisted, so that its upper part is directed forwards
and a little outwards, its lower part forwards and a little inwards. To the upper
the lower fourth is separthree-fourths of this surface the Crureus is attached
ated from the muscle by the intervention of the synovial membrane of the kneejoint and a bursa, and affords attachment to the Subcrureus to a small extent.
The external surface includes the portion of bone between the external border
aiid the outer lip of the linea aspera
it is continuous above with the outer
;

;

of the external
attached the outer portion of the Crureus
muscle.
The internal surface includes the portion of bone between the internal
border and the inner lip of the linea aspera it is continuous above with the lower
it is
border of the neck, below with the inner side of the internal condyle

surface of the great trochanter,

condyle

:

below with the outer surface

to its upper three-fourths

is

;

:

'

covered by the Vastus internus muscle.

The Lower Extremity, larger than the upper, is of a cuboid form, flattened
from before backwards, and divided into two large eminences, the condyles
{kovSvXo?, a knuckle), by an interval which presents a smooth depression in front
the intercondyloid
called the trochlea, and a notch of considerable size behind
notch.
The external condyle is the more prominent anteriorly, and is the broader
both in the antero-posterior and transverse diameters.
The internal condyle is
the narrower, longer, and more prominent inferiorly.
This difference in the
length of the two condyles is only observed when the bone is perpendicular, and
depends upon the obliquity of the thigh-bones, in consequence of their separation
above at the articulation with the pelvis. If the femur is held obliquely, the
surfaces of the two condyles will be seen to be nearly horizontal.
The two condyles are directly continuous in front, and form a smooth trochlear surface, which
articulates with the patella.
This surface presents a median groove, which

—

notch and two lateral
prominent, and prolonged
The external border of
this articular surface is also more prominent, and ascends higher than the
internal one.
The intercondyloid notch lodges the crucial Hgaments it is
bounded laterally by the opposed surfaces of the two condyles, and in front by
the lower end of the shaft.
extends

downwards and backwards

to the intercondyloid

;

convexities, of which the external is the broader, more
farther upwards upon the front of the outer condyle.

;
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Outer Condyle. The outer surface of the external condyle presents, a little
behind its centre, an eminence, the outer tuberosity it is less prominent than
the inner tuberosity, and gives attachment to the external lateral ligaments of
the knee. Immediately beneath it is a groove which commences at a depression
a little behind the centre of the lower border of this surface
the front part of
this depression gives origin to the Popliteus muscle, the tendon of which is
lodged in the groove during flexion of the knee. The groove is smooth, covered
with cartilage in the recent state, and runs upwards and backwards to the posterior extremity of the condyle.
The inner surface of the outer condyle forms
one of the lateral boundaries of the intercondyloid notch, and gives attachment,
;

:

by

its posterior part, to the anterior crucial ligament.
The inferior surface is
convex, smooth, and broader than that of the internal condyle. The posterior
extremity is convex and smooth just above the articular surface is a depression
for the tendon of the outer head of the Gastrocnemius, above which is the origin
of the Plantaris.
Inner Condyle.— The inner surface of the inner condyle presents a convex
eminence, the inner ttcberosity, rough, for the attachment of the internal lateral
hgament. The outer side of the inner condyle forms one of the lateral boundaries of the intercondyloid notch, and gives attachment, by its anterior part, to
the posterior crucial hgament. Its inferior or articular surface is convex, and
presents a less extensive surface than the external condyle. Just above the
articular surface of the condyle, behind, is a depression for the tendon of origin
of the inner head of the Gastrocnemius.
Structure.
The shaft of the femur is a cyhnder of compact tissue, hollowed
:

—

by a large medullary canal.

The cylinder is of great thickness and density in
the middle third of the shaft, where the bone is narrowest and the medullary
canal well formed but above and below this the cylinder gradually becomes
;

thinner,
Fig. 239.

owing

to a separation of the

— Diagram

rangement of the
neck of the femur.

showing the
cancelli

of

ar-

the

which pro-

layers of the bone into cancelli,
ject into the

obliterate

it,

ends of the
ties

more

medullary canal and finally
so that the upper and lower

shaft,

and the

articular extremi-

especially, consist of cancellated

tissue, invested

by a thin compact

The arrangement

layer.

of the cancelli 'in the

ends of the femur is remarkable. In the
upper end they are arranged in two sets.
One, starting from the top of the head, the
upper surface of the neck, and the great
trochanter, converge to the inner circumference of the shaft (fig. 239)
these are
placed in the direction of greatest pressure,
and serve to support the vertical weight of
the body.
The second set are planes of
lamellae intersecting the former nearly at
right angles, and are situated in the line of
the greatest tension that is to say, along
the lines in which the muscles and ligaments
exert their traction.
In the head of the
bone these planes are arranged in a curved
form, in order to strengthen the bone when
exposed to pressure in all directions. In
the midst of the cancellous tissue of the
neck is a vertical plane of compact bone, the femoral sjmr {calcar femorale) which
commences at the point where the neck joins the shaft midway between the
lesser trochanter and the internal border of the shaft of the bone, and extends
in the direction of the digital fossa (fig. 240).
This materially strengthens this
portion of the bone.
Another point in connection with the structure of the neck
;

—

/
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of the femur requires mention, especially on account of its influence on the proIt will be noticed that a considerable
duction of fracture in this situation.
portion of the great trochanter lies behind the level of the posterior surface of

and if a section be made through the trochanter at this level, it will
be seen that the posterior wall of the neck is prolonged into the trochanter.
This prolongation is termed by Bigelow the true neck,' * and forms a thi?a, dense
plate of bone, which passes beneath the posterior intertrochanteric ridge towards
the outer siu'face of the bone.
In the lower end, the cancelli spring on all sides from the inner surface of
the cylinder, and descend in a perpendicular direction to the articular surface,
the neck

;

'

and having a more accurately perpendicular coiu'se
above the condyles. In addition to this, however, horizontal planes of cancellous
tissue are to be seen, so that the spongy tissue in this situation presents an
appearance of being mapped out into a series of rectangular areas.
the cancelli being strongest

Fig. 24o.^Calcar femorale.

Fig.

241.— Plan
femur.

^rieat

development of the

of the

By

five centres.

trochanter

Appears at end
of 1st year ;
joins shaft about
18th year

Appears at f^
ith year J i^(^ ^^'
joins shaft it
about ISth iir. o^H'v'

Digital fossa

i

Appears 13th-lith year ;
joins shaft about 18th

year

Tnins shaft at 20th

Appears at
9tJi

year

month

[fcetal)

Lower extremity

—

With three bones the os innominatum, tibia, and patella.
Development (fig. 241). The femur is developed hy five centres one for the
shaft, one for each extremity, and one for each trochanter.
Of all the long bones,
Articulations.

except the clavicle,

:

—

it is

the

:

first to

in the shaft, at about the fifth

week

show

traces of ossification

;

this

commences

the centres of ossification- in the
epiphyses appearing in the following order First, in the lower end of the bone,
at the ninth month of foetal life f (from this the condyles and tuberosities are
formed) in the head at the end of the first year after birth in the great trochanter, during the fourth year
and in the lesser trochanter, between the thirteenth and fourteenth.
The order in which the epiphyses are joined to the
of foetal

life,

:

;

;

;

shaft

is

the reverse of that of their appearance
*

Bigelow on the Hip,

t This

is

:

their junction does not

commence

p. 121.

the only epiphysis in which ossification begins before births

:
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until after puberty, the lesser trochanter being first joined, then the great, then
the head, and, lastly, the inferior extremity (the first in which ossification com-

menced), which

not united until the twentieth year.

is

—

Attachment of Muscles. To twenty-three. To the great trochanter: the
Gluteus medius, Gluteus minimus, PjTriformis, Obturator internus. Obturator
To the
externus, Gemellus superior, Gemellus inferior, and Quadratus femoris.
the Psoas magnus and the Iliacus below it. To the shaft
lesser trochanter
the Vastus externus, Gluteus maximus, short head of the Biceps, Vastus
internus. Adductor magnus, Pectineus, Adductor brevis. Adductor longus,
Crureus, and Subcrureus. To the condyles the Gastrocnemius, Plantaris, and
:

:

Popliteus.

—

Surface Form. The feniiu' is covered with muscles, so that in fairly imiscular subjects
the shaft is not to be detected through its fleshy covering, and the only parts accessible to
the touch are the outer surface of the great trochanter and the lower exjianded end of the
bone. The external surface of the great trochanter is to be felt, especially in certain
Its j^osition is generally indicated by a depression, owing to the
positions of the limb.
thickness of the Gluteus medius and minimus, which project above it. When, however, the
thigh is flexed, and especially if crossed over the ojjposite one, the trochanter produces a
blunt eminence on the surface. The upper border is about on a line with the spine of the
OS pubis, and its exact level is indicated by a line drawn from the anterior superior spinous
process of the ilium, over the outer side of the hip, to the most prominent point of the
This is known as Nelaton's line. The outer and irnier condyles
tuberosity of the ischium.
The outer one is more subcutaneous than the
of the lower extremity are easily to be felt.
inner one, and readily felt. The tuberosity on it is comparatively little developed, but can
be more or less easily recognised. The inner condyle is more thickly covered, and this
The
giA'es a general convex outline to this part, especially when the knee is flexed.
tilberositj' on it is easily felt, and at the upper part of the condyle the sharp tubercle for
the insertion of the tendon of the Adductor magmis can be recognised without ditficulty.
When the knee is flexed, and the patella situated in the interval between the condyles and
the upper end of the tibia, a part of the trochlear smface of the femur can be made out
above the patella.
Surgical Anatomy. There are one or two points about the ossification of the femur
bearing on practice to which allusion must be made. It has been stated above that the
lower end of the fenun is the only epiphysis in which ossification has commenced at the time
of birth.*
The presence of this ossific centre is, therefore, a proof, in newly-born clhldren
found dead, that the child has arrived at the full period of utero-gestation, and is always
relied upon in medico-legal investigations.
The position of the epiphysial line should be
carefully noted.
It is on a level with the adductor tubercle, and the epiphysis do^s not,
therefore, form the whole of the cartilage-clad portion of the lower end of the bone.
It is
essential to bear this point in mind in performing excision of the knee, since growth in
length of the femm takes place chiefly from tlie lower epiphysis, and any interference
with the epiphysial cartilage in a yoimg child would involve such ultimate shortening of
the limb, from want of growth, as to render it almost useless.
Separation of the lower
epipliysis m&y take place up to the age of twenty, at which time it becomes completely
joined to the shaft of the bone but, as a matter of fact, few cases occur after the age of
sixteen or seventeen.
The upper epiphysis of the femur is of interest principally on
account of its being the seat of origin of a large number of cases of tuberculous disease
of the hip-joint.
The disease commences in the majority of cases in the highly vascular
and growing tissue in the neighbourhood of the epiphysis, and fi'om here extends into the

—

;

joint.

Fractures of tlie fennir are divided, like those of the other long bones, into fractures of
the upper end of the shaft and of the lower end. The fractures of the vipper end may be
classified into (i) fr^acture of the neck
(2) fracture at the junction of the neck with the great
trochanter (3) fracture of the great trochanter and (4) separation of the epiphysis, either
of the head or of the great trochanter.
The first of these, fracture of the neck, is usually
termed intracapsular fi-acture, but this is scarcely a correct designation, as, owing to the
attachment of the capsular ligament, the fr^acture may be partly within and partly without
the capsule when the fracture occms at the lower part of the neck. It generally occurs in old
people, principaUy women, and usually from a \eTj slight degree of indirect violence.
Probably the main cause of the ft-acture taking place in old people is in consequence of the
degenerative changes which the bone has undergone. Merkel believes that it is mainly due
to the absorption of the calcar femorale.
These fractures are occasionally impacted. As a
rule the.y unite by fibrous tissue, and frequently no union takes place, and the surfaces of
the fracture become smooth and eburnated.
Fractures at the junction of the neck Math the great trochanter are usually termed
;

;

;

;

*

According

;

to

some observers the centre

appears before birth.

for the

upper epiphysis of the

tibia also

;
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extra-capsular, but this designation is also incorrect, as the fracture is partly within the
capsule, owing to its attachment in front to the anterior intertrochanteric line, which is
These fractures are produced by direct violence to the
situated below the line of fracture.
great trochanter, as from a blow or fall laterally on the hip.
From the manner in which
the accident is caused, the neck of the bone is driven into the trochanter, where it may
remain impacted, or the trochanter may be split up into two or more fragments, and thus
no iixation takes place.
Fractures of the great trochanter may be either oblique fracture through the trochanter
major, without implicating the neck of the bone (Astley Cooper), or separation of the
Most of the recorded cases of this latter injury occurred in younggreat trochanter.
persons, and were probably cases of separation of the epiphysis of the great trochanter.
Separation of the epiphysis of the head of the femur has been said to occur, but, as far as I
know, has never been verified by post-mortem examination.
Fractures of the shaft may occm- at any part, but the most usual situation is at or near
the centre of the bone. They may be caused by direct or indirect violence or by muscular
action.
Fractures of the upj)er third of the shaft are almost always the result of indirect
violence, whilst those of the lower third are the result, for the most part, of direct violence.
In the middle third fractures occur from both forms of injury in about equal proportions.
Fractures of the shaft are generally oblique, but they may be transverse, longitudinal, or
spiral.
The transverse fracture occurs most frequently ua children. The fractures of the
lower end of the femur include transverse fracture above the condyles, the most common
and this may be complicated by a vertical fracture between the condyles, constituting the
T-shaped fracture. In these cases the popliteal artery is in danger of being wounded.
Oblique fracture separating either the internal or external condyle, and a longitudinal
incomplete fracture between the condyles, may also take place.
The femur as well as the other bones of the leg are frequently the seat of acute necrosis
in young children.
This is no doubt due to their greater exposure to injury, which is often
the exciting cause of this disease. Tumours not unfi'equently are found growing from the
femur the most common forms being sarcoma, which may grow either from the periosteum
or from the medullary tissue within the interior of the bone ; and exostosis, which is commonly found originating in the neighbourhood of the epiphysial cartilage of the loM^er end.
'

'

:

THE LEG
The skeleton of the Leg consists of three bones the Patella, a
moid bone, placed in front of the knee the Tibia and the Fibula.
:

The Patella
The Patella

(patella,

anterior part of the

a small pan)

knee-joint.

developed in the tendon
of the Quadriceps extensor.
It resembles
these bones
(i) in its being developed in
a tendon
(2) in its centre
of ossification presenting a
knbtty or tuberculated out-

large, sesa-

;

;

(figs.

is

It is

242, 243)

a flat, triangular bone, situated at the
usually regarded as a sesamoid bone,

—

Fig. 242. Eight patella.
Anterior surface.

Fig. 243.

— Posterior

surface.

;

line

similar to

other sesa-

moid bones (3) in its structure being composed mainly
;

of

dense cancellous tissue, as
sesamoid bones.

in the other

It serves to protect the front
of the joint,

borders,

The

of the Quadriceps extensor by making it
presents an anterior and posterior surface, three

and increases the leverage

act at a greater angle.

It

and an apex.

is convex, perforated by small apertures, for the passage
and marked by numerous rough, longitudinal striae. This
surface is covered, in the recent state, by an expansion from the tendon of the
Quadriceps extensor, which is continuous below with the superficial fibres of the
ligamentum patella. It is separated from the integument by a bursa. The

anterior surface

of nutrient vessels,

posterior surface presents a smooth, oval-shaped, articular surface, covered with
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cartilage in the recent state,

and divided

into

two

facets

by a vertical

ridge,

which

descends from the superior border towards the inferior angle of the bone. The
ridge corresponds to the groove on the trochlear surface of the femur, and the
two facets to the articular surfaces of the two condyles the outer facet, for
articulation with the outer condyle, being the broader and deeper.
This character
;

side to which the bone belongs.
Below the articular
a rough, convex, non-articular depression, the lower half of which gives
attachment to the ligamentum patellae the upper half being separated from the
head of the tibia by adipose tissue.
The superior border is thick, and sloped from behind, downwards and forwards
it gives attachment to that portion of the Quadriceps extensor which is derived
from the Eectus and Crureus muscles. The lateral borders are thinner, con-

serves to indicate the
surface

is

;

:

verging below. They give attachment to that portion of the Quadriceps extensor
derived from the external and internal Vasti muscles.
The apex is pointed, and gives attachment to the ligamentum patellae.
Structure.
It consists of a nearly uniform dense cancellous tissue, covered
by a thin compact lamina. The cancelli immediately beneath the anterior surIn the rest of the bone they radiate from the
face are arranged parallel with it.
posterior articular surface towards the other parts of the bone.
Development. By a single centre, which makes its appearance, according to
Beclard, about the third year. In two instances, I have seen this bone cartilaginous throughout, at a much later period (six years). More rarely, the bone is
developed by two centres, placed side by side. Ossification is completed about
the age of puberty.
With the two condyles of the femur.
Articulations.
Attachment of Muscles. To four the Eectus, Crureus, Vastus internus, and
Vastus externus. These muscles, joined at their insertion, constitute the Quadriceps extensor cruris.

—

—

—

—

:

—

Surface Form. The external surface of the patella can be seen and felt in front of the
In the extended position of the limb the internal border is a little more prominent
than the outer, and if the Quadriceps extensor is relaxed, the bone can be moved from side
If the joint is flexed, the patella recedes into the
to side and appears to be loosely fixed.
hollow between the condyles of the femur and the upper end of the tibia, and becomes
knee.

firmly fixed against the femur.

Surgical Anatomy.

— The main surgical interest about the patella

is

in connection with

which are of common occm'rence. They may be produced by muscular action,
that is to say, by violent contraction of the Quadriceps extensor, while the limb is in a
position of semi-flexion, so that the bone is snapped across the condyles
or by direct
In the former class of cases the fracture is transverse;
violence, such as falls on the knee.
in the latter it may be obhque, longitudinal, stellate, or the bone variously comminuted.
The principal interest in these cases attaches to their treatment. Owing to the wide
separation of the fragments, and the difficulty there is in maintaining them in apposition,
union takes place by fibrous tissue, and this may subsequently stretch, producing wide
separation of the fragments and permanent lameness. Various plans, including opening,
the joint and suturing the fragments, have been advocated for overcoming this difliculty.
In the larger number of cases of fracture of the patella, the knee-joint is involved, the
cartilage which covers its posterior surface being also torn.
In some cases of fracture
from direct violence, however, this need not necessarily happen, the lesion involving only
the superficial part of the bone and, as Morris has pointed out, it is an anatomical possibility, in complete fracture, if the lesion involve only the lower and non-articular part
of the bone, for it to take place without injury to the synovial membrane.
fractiu^es,

;

;

The Tibia

(figs.

244, 245)

The Tibia

(tibia, a flute or pipe) is situated at the front and inner side of the
and, excepting the femur, is the longest and largest bone in the skeleton.
It
prismoid in form, expanded above, where it enters into the knee-joint, more

leg,
is

its direction is vertical, and parallel with
but in the female it has a slightly oblique direction downwards and outwards, to compensate for the oblique direction of the
femur inwards. It presents for examination a shaft and two extremities.

slightly enlarged below.

In the male,

the bone of the opposite side

;

:

TIBIA
Upper

The
Head,

on

Extremity, or
Fig. 244.

and expanded
side into two lateral
large,

is

eacli

eminences,

the

— Bones of the right

leg.

Anterior

surface.

tuberosities.^

Superiorly, the tuberosities pre-

sur-

sent two smooth, concave
faces,

which

articulate with the

femur

condyles

of

internal

articular

the

Head
Styloid 2»

o<.

the

;

surface

is

External

and narrower
than the external, oval from

ligament

lateral

deeper,

longer,

before backwards, to articulate
with the internal condyle the'
external one is broader, concave
from side to side, but slightly
convex from before backwards,
;

and more

circular, to articulate

with

condyle.
the external
Between the two articular surfaces, and nearer the posterior
than the anterior aspect of the
bone,

an

is

spinous

process

eminence,

the

the

of

tibia,

-^^

surmounted by a prominent
tubercle on each side, which
gives

attachment

the

to

ex-

tremities of the semilunar fibrocartilages

;

in front

and behind

the spinous process is a rough
depression for the attachment of
the anterior and posterior crucial

ligaments and
fibro-cartilages.

semilunar

the

The

anterior

surfaces of the tuberosities are

continuous with one another,
forming a single large surface,

which

somewhat

is

flattened

and
by large vascular
foramina narrow below where
it
terminates in a prominent
it is

triangular, broad above,

perforated
:

oblong elevation of large

size,

the tibia
the
lower half of this tubercle is
rough, for the attachment of the
the

tubercle of

ligamentum

;

patellae
the upper
presents a smooth facet
supporting, in the recent state,
a bursa which separates the
ligament from the bone. Posteriorly
the tuberosities are
separated from each other by a
shallow depression, i\\e popliteal
;

half

notch,

which gives attachment
Internal malleolus

to part of the posterior crucial

ligament, and part of the posligament of the knee-joint.

terior

External malleolus
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The inner

tuberosity presents posteriorly a deep transverse groove, for the in-

sertion of one of the fascicuU of the tendon of the

Semi-membranosus. Its
rough
and prominent it gives attachlateral surface is convex,

Fig. 245.

-Bones of the right

leg.

Posterior

:

ment

surface.

internal

the

to

ligament.

The

lateral

outer tuberosity

presents posteriorly a flat articular facet, nearly circular in
Siyloid process

form,

.

directed

downwards,

backwards, and outwards, for
articulation with the fibula.
Its lateral surface is convex
and rough, more prominent in
front than the internal
it
presents a prominent rough
eminence, situated on a level
with the upper border of the
:

tubercle of the tibia at the
junction of its anterior and
outer surfaces, for the attach-

ment of the ilio-tibial band.
Just below this the Extensor
longus digitorum and a slip
from the Biceps are attached.
The Shaft of the tibia is
of a triangular prismoid form,
broad above, gradually decreasing in size to its most slender
part, at the commencement of
its lower fourth, where fracture
It
most frequently occurs.
then enlarges again towards
It preits lower extremity.
sents for examination three
borders and three surfaces.
The anterior border, the
most prominent of the three,
is called the crest of the tibia,
or, in popular language, the
it commences above at
shin
the tubercle, and terminates
below at the anterior margin
This
of the inner malleolus.
border is very prominent in
the upper two-thirds of its
;

extent,

smooth and rounded

It presents a very
below.
flexuous course, being usually
curved outwards above, and
inwards, below it gives attachment to the deep fascia of the
;

leg.

The internal border is
smooth and rounded above and
below, but more prominent in
the centre
the back

;

it

part

commences
of

the

at

inner

TIBIA
tuberosity,

and terminates

at the posterior

283
border of the internal malleolus

;

its

upper part gives attachment to the internal lateral ligament of the knee to the
extent of about two inches, and to some fibres of the Popliteus muscle
its
middle third, to some fibres of the Soleus and Plexor longus digitorum muscles.
The external border, or interosseous ridge, is thin and prominent, especially
its central part, and gives attachment to the interosseous membrane
it commences above in front of the fibular articular facet, and bifurcates below, to form
the boundaries of a triangular rough surface, for the attachment of the interosseous ligament connecting the tibia and fibula.
The internal surface is smooth, convex, and broader above than below its
upper thu'd, directed forwards and inwards, is covered by the aponeurosis derived
from the tendon of the Sartorius, and by the tendons of the Gracilis and Semitendinosus, all of which are inserted nearly as far forwards as the anterior
border in the rest of its extent it is subcutaneous.
The external surface is narrower "than the internal; its upper two-thirds
presents a shallow groove for the attachment of the Tibialis anticus muscle its
lower third is smooth, convex, curves gradually forwards to the anterior aspect of
the bone, and is covered from within outwards by the tendons of the following
muscles Tibialis anticus. Extensor proprius hallucis. Extensor longus digitorum.
The posterior surface (fig. 245) presents, at its upper part, a prominent ridge,
the oblique line of the tibia, which extends from the back part of the articular
;

;

;

;

;

:

downwards, to the internal border, at the junction
upper and middle thirds. It marks the limit for the insertion of the
Popliteus muscle, and serves for the attachment of the popliteal fascia and part
of the Soleus, Flexor longus digitorum, and Tibialis posticus muscles
the triangular concave surface, above and to the inner side of this line, gives attachment
to the Popliteus muscle.
The middle thh"d of the posterior surface is divided
by a vertical ridge into two lateral halves the ridge is well marked at its commencement at the obhqueline, but becomes gradually indistinct below the inner
and broader half gives attachment to the Flexor longus digitorum, the outer and
narrower to part of the Tibialis posticus. The remaining part of the bone
presents a smooth surface covered by the Tibialis posticus. Flexor longus digitorum, and Flexor longus hallucis muscles. Immediately below the oblique line
is the medullary foramen, which is directed obliquely downwards.
The Lower Extremity, much smaller than the upper, presents five surfaces
it is prolonged downwards, on its inner side into a strong process, the internal
malleolus.
The inferior surface of the bone is quadrilateral, and smooth for
articulation with the astragalus.
This surface is concave from before backwards,
and broader in front than behind. It is traversed from before backwards by a
slight elevation, separating two lateral depressions.
It is narrow internally,
where the articular surface becomes continuous with that on the inner malleolus.
The anterior surface of the lower extremity is smooth and rounded above, and
covered by the tendons of the Extensor muscles of the toes its lower margin
presents a rough transverse depression, for the attachment of the anterior ligament
of the ankle-joint
the posterior surface presents a superficial groove directed
obliquely downwards and inwards, continuous vnth a similar groove on the posterior extremity of the astragalus, and serving for the passage of the tendon of
the Flexor longus hallucis the external surface presents a triangular rough depression for the attachment of the inferior interosseous ligament connecting it with
the fibula the lower part of this depression is smooth, covered with cartilage in
The surface is bounded by two
the recent state, and articulates with the fibula.
prominent ridges, continuous above with the interosseous ridge they afford
attachment to the anterior and posterior inferior tibio-fibular ligaments. The
internal surface of the lower extremity is prolonged downwards to form a
strong pyramidal process, flattened from without inwards the inner malleolus.
The inner surface of this process is convex and subcutaneous its outer surface
its anterior
is smooth and slightly concave, and articulates with the astragalus
facet for the fibula obliquely
of

its

;

:

;

;

;

;

;

;

;

—

;

;

;
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rough, for the attachment of the anterior fibres of the Deltoid hgament
border presents a broad and deep groove, directed obhquely downwards and inwards, which is occasionally double; this groove transmits the
tendons of the Tibialis posticus and Flexor longus digitorum muscles. The
summit of the internal malleolus is marked by a rough depression behind, for
border

is

its 230sterior

the attachment of the internal lateral hgament of the ankle-joint.
At the junction of the
Structure.— Like that of the other long bones.
middle and lower third, where the bone is smaUest, the wall of the shaft is
thicker than in other parts, in order to compensate for the smallness of the calibre
of the bone.

Development.— By

Ossification

extremity.
:46.
Fi&. 246.

three centres

commences

(fig.

development of the
—Plan of the develoiDment

By

tibia.

TJjpper

and one for each
about the seventh
week, and gradually extends towards

246)

:

one for the

shaft,

in the centre of the shaft

The centre

either extremity.

for the

three centres.

upper epiphysis appears during the

extremity

year it is flattened in form, and
has a thin tongue-shax^ed process in
front, which forms the tubercle. That
for the lower epiphysis ajppears in the
The lower epiphysis
second year.
joins the shaft at about the eighteenth,
and the upper one about the twentieth

Appears at

5^

hirth

first

Joins shaft
about 20th year

;

Two

year.

centres

additional

oc-

casionally exist, one for the toiigue-

shaped process of the upper epiphysis, which forms the tubercle, and one
for the inner malleolus.

Articulations.

— With three bones
— To
:

the femur, fibula, and astragalus.
Muscles.
Attachment
of

twelve

to the inner tuberosity, the

:

Semi-membranosus
tuberosity, the

Extensor
Biceps
;

Appears at

Joins shaft about
18th year

2ncl

l/ear

Lower

extremitij

longus
to

the

digitorum
shaft,

surface, the Sartorius,

Semi-tendinosus

;

its

surface,

posticus

;

the

Popliteus,

to the tubercle, the

patellge,

and

to its external sur-

Soleus, Flexor longus digitorum,

ligamentum

and
and

internal

Gracilis,

face, the Tibialis anticus
terior

puter

the

to

;

Tibialis anticus

;

to its pos-

and

Tibialis

by which the Quadriceps

extensor muscle is inserted into the tibia. ;In addition to these muscles, the
Tensor vaginae femoris is inserted indirectly into the tibia, through the ilio-tibial
band, and the Peroneus longus occasionally derives a few fibres of origin from
the outer tuberosity.

—

Surface Form. A considerable portion of the tibia is subcutaneous and easily' to be felt.
At the upper extremity the tuberosities are to be recognised just below the knee. The
internal one is broad and smooth, and merges into the subcutaneous surface of the shaft
below. The external one is narrower and more prominent, and on it, about midway
between the apex of the patella and the head of the fibula, may be felt a prominent
tubercle for the insertion of the ilio-tibial band.
In front of the upper end of the bone,
between the tuberosities, is the tubercle of the tibia, forming an oval eminence, which is
continuous below with the anterior border or crest of the bone. This border can be felt,
forming the prominence of the shin, in the upper two-thirds of its extent as a sharp and
flexuous ridge, curved outwards above and inwards below. In the lower third of the leg
the border disappears and the bone is concealed by the tendons of the muscles on the
front of the leg.
Internal to the anterior border is to be felt the broad internal surface of
the tibia, slightly encroached upon by the muscles in front and behind. It commences
above at the wide expanded inner tuberosity and terminates below at the internal
malleolus. The internal malleolus is a broad prominence situated on a higher level and
somewhat further forwards than the external malleolus. It overhangs the inner border of
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the arch of the foot. Its anterior border is nearly straight, its posterior border presents
a sharp edge, which forms the inner margin of the groove for the tendon of the Tibialis
posticiTS

muscle.

The Fibula
The Fibula

a clasp)

(fibula,

is

(figs.

244, 245)

situated at the outer side of the leg.

smaller of the two bones, and, in proportion to

its

length, the

It is the

most slender
with which it

of

placed on the outer side of the tibia,
is
connected above and below. Its upper extremity is small, placed towards the
back of the head of the tibia, below the level of the knee-joint, and excluded
from its formation the lower extremity inclines a little forwards, so as to be on
a plane anterior to that of the upper end, projects below the tibia, and forms the
It presents for examination a shaft and two extremities.
outer ankle.
The Upper Extremity, or Head, is of an irregular quadrate form, presenting
above a flattened articular facet, directed upwards, forwards and inwards, for
articulation with a corresponding facet on the external tuberosity of the tibia. On
the outer side is a thick and rough prominence, continued behind into a pointed
eminence, the styloid jprocess, which projects upwards from the posterior part of
the head. The prominence gives attachment to the tendon of the Biceps muscle,
and to the long external lateral ligament of the knee, the ligament dividing the
tendon into two parts. The summit of the styloid process gives attachment to
the short external lateral hgament. The remaining part of the cu^cumference of
the head is rough, for the attachment of muscles and ligaments. It presents in
front a tubercle for the origin of the upper and anterior part of the Peroneus
longus, and the adjacent surface gives attachment to the anterior superior tibiofibular ligament
and behind, another tubercle for the attachment of the
posterior superior tibio-fibular ligament, and the upper fibres of the Soleus
muscle.
The shaft presents four borders the antero-external, the antero-internal, the
all

the long bones

it

;

is

;

;

—

postero-external,

;

and four surfaces

— anterior, posterior,

and external.

internal,

The

and the postero-internal

commences above in front of the head, runs
below the middle of the bone, and then curving
somewhat outwards, bifurcates so as to embrace the triangular subcutaneous
surface immediately above the outer surface of the external malleolus.
This
border gives attachment to an intermuscular septum, which separates the extensor muscles on the anterior surface of the leg from the Peroneus longus and
antero-external border

vertically

downwards

to a little

brevis muscles.

The antero-internal border, or interosseous ridge, is situated close to the
inner side of the preceding, and runs nearly parallel with it in the upper third
of its extent, but diverges from it so as to include a broader space iri the lower
two-thirds.
It commences above just beneath the head of the bone (sometimes
it is quite indistinct for about an inch below the head), and terminates below at
the apex of a rough triangular surface immediately above the articular facet of
the external malleolus.
It serves for the attachment of the interosseous
membrane, which separates the extensor muscles in front from the flexor muscles
|

behind.
it commences above at the base
is prominent
and terminates below in the posterior border of the outer
malleolus.
It is directed outwards above, backwards in the middle of its course,
backwards and a little inwards below, and gives attachment to an aponeurosis
which separates the Peronei muscles on the outer surface of the shaft from the
flexor muscles on its posterior surface.
The postero-internal border, sometimes called the oblique line, commences
above at the inner side of the head, and terminates by becoming continuous with

The

postero-external border

;

of the styloid process,

the antero-internal border or interosseous ridge at the lower fourth of the bone.
It
It is well marked and prominent at the upper and middle parts of the bone.

^
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gives attachment to an aponeurosis which separates the TibiaUs posticus from
the Soleus above and the Flexor longus hallucis below.

the interval between the antero-external and anteroextremely narrow and fiat in the upper third of its
extent broader and grooved longitudinally in its lower third it serves for the
attachment of three muscles, the Extensor longus digitorum, Peroneus tertius,
and Extensor proprius hallucis.
The external surface is the space between the antero-external and posteroIt is much broader than the preceding, and often deeply
external borders.
grooved, is directed outwards in the upper two-thirds of its course, backwards
in the lower third, where it is continuous with the posterior border of the external
This surface is completely occupied by the Peroneus longus and
malleolus.

The

anterior surface

internal borders.

is

It is

;

;

brevis muscles.

The internal surface is the interval included between the antero-internal and
the postero-internal borders. It is directed inwards, and is grooved for the
attachment of the Tibialis posticus muscle.
The posterior surface is the space included between the postero-external and
it is continuous below with the rough triangular
the postero-internal borders
surface above the articular facet of the outer malleolus it is directed backwards
Its upper
above, backwards and inwards at its middle, directly inwards below.
;

;

attachment of the Soleus muscle its lower part presents
rough surface, connected to the tibia by a strong interosseous ligament, and between these two points the entire surface is covered by the fibres
At about the middle of this
of origin of the Flexor longus hallucis muscle.
surface is the nutrient foramen, which is directed downwards.
The Lower Extremity, or external malleolus, is of a pyramidal form, somewhat flattened from without inwards, and is longer, and descends lower, than
Its external surface is convex, subcutaneous, and conthe internal malleolus.
tinuous with the triangular (also subcutaneous) surface on the outer side of the
third is rough, for the

;

a triangular

shaft.

—

Fig, 247. Plan of the development
By three centres.
of the fibula.

Upper extremity
Appears about
Ath year

-Unites about
25th year

The

internal surface presents in front

smooth triangular .facet, broader above than
below, and convex from above downwards,
which articulates with a corresponding surface
on the outer side of the astragalus. Behind
and beneath the articular surface is a rough
depression, which gives attachment to the posa

terior fasciculus

ment

of the external lateral liga-

of the ankle.

The

anterior border

is

and rough, and marked below by a
depression for the attachment of the anterior

thick

fasciculus

The

of

the external lateral ligament.

'posterior border is

broad and marked by

shallow groove, for the passage of the
tendons of the Peroneus longus and brevis
muscles. The summit is rounded, and gives
attachment to the middle fasciculus of the
a

external lateral ligament.
In order to distinguish the side to which
the bone belongs, hold it with the lower extremity downwards, and the broad groove for

the Peronei tendons backwards, i.e. towards
the holder the triangular subcutaneous sur:

Appears at-\
2nd year

^\- Unites about
20th year

face will then be directed to the side to

which

the bone belongs.

Loiver extremity

Articulations.

— With

two bones

:

the tibia

and astragalus.
Development.

By

three centres

(fig-

247)

:

one for the

shaft,

and one

for
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commences in the shaft about the eighth week of
than in the tibia, and extends gradually towards the
At birth both ends are cartilaginous. Ossification commences in
extremities.
the lower end in the second year, and in the upper one about the fourth year.
The lower epiphysis, the first in which ossification commences, becomes united
to the shaft about the twentieth year; the upper epiphysis joins about the
Ossification appearing first in the lower epiphysis is contrary
twenty-fifth year.
to the rule which prevails with regard to the commencement of ossification in
epiphyses, viz. that that epiphysis towards which the nutrient artery is directed
commences to ossify last but it follows the rule which prevails with regard to
the union of epiphyses, by uniting first.
Attachment of Muscles. To nine to the head, the Biceps, Soleus, and
Peroneus longus to the shaft, its anterior surface, the Extensor longus digitorum,
Peroneus tertius, and Extensor proprius hallucis to the internal surface, the
Tibialis posticus
to the posterior surface, the Soleus and Flexor longus hallucis
to the external surface, the Peroneus longus and brevis.
Ossification

each extremity.

foetal life,

a

little later

;

—

:

;

;

;

;

—

Surface Form. The only parts of the fibula which are to be felt are the head, the
lower part of the external siu-face of the shaft and the external malleolus. The head is to
be seen and felt behind and to the outer side of the outer tuberosity of the tibia. It
presents a small, prominent, triangular eminence slightly above the level of the tubercle
The external malleolus presents a narrow elongated prominence, situated on
of the tibia.
From it may
a plane posterior to the internal malleolus and reaching to a lower level.
be traced the lower third or half of the external surface of the shaft of the bone in the
interval between the Peroneus tertius in front and the other two Peronei tendons behind.
Surgical Anatomy. In fractiu-es of the bones of the leg, both bones are usually
fractured, but each bone ixiay be broken separately, the fibula more frequently than the
Fracture of both bones may be caused either by direct or indirect violence. When
tibia.
it occurs from indirect force, the fracture in the tibia is at the junctien of the middle and
lower third of the bone. Many causes conduce to render this the weakest part of the bone.
The fracture of the fibula is usually at rather a higher level. These fractures present great
They may be oblique, transverse,
variety, both as regards their direction and condition.
longitudinal, or spiral.
When oblique, they are usually the result of indirect violence, and
the direction of the fracture is from behind, downwards, forwards, and inwards in many
When transcases, but may be downwards and outwards, or downwards and backwards.
verse, the fracture is often at the upper part of the bone, and is the result of direct violence.
The spiral fracture usiially commences as a vertical fissure, involving the ankle-joint, and
It is the result of torsion, from twisting
is associated with fracture of the fibula higher up.
of the body whilst the foot is fixed.
Fractures of the tibia alone are almost always the result of direct violence, except where
Fractures of the fibula alone may arise
the ixialleolus is broken oft' by twists of the foot.
from indirect or direct force, those of the lower end being usually the result of the former,
and those higher up being caused by a direct blow on the part.
The tibia and fibula, like the femur, are frequently the seat of acute necrosis. Chronic
abscess is more frequently met with in the cancellous tissue of the head and lower end of
the tibia than in any other bone of the body.
The abscess is of small size, very chronic,
and probably the result of tuberculous osteitis in the highly vascular growing tissue at the
end of the shaft near the epiphysial cartilage in the young subject.
The tibia is the bone which is most frequently and most extensively distorted in rickets.
It gives way at the junction of the middle and lower third, its weakest part, and presents a
curve forwards and outwards.

—

THE FOOT
The skeleton

(figs.

248, 249)

of the foot consists of three divisions

:

the Tarsus, Metatarsus,

and Phalanges.

THE TAESUS
The bones of the Tarsus are seven in number:
OS calcis, astragalus, cuboid, navicular, internal, middle,

viz. the calcaneum or
and external cuneiform

bones.

The Calcaneum
The Calcaneum,
the tarsal bones.

(fig.

250)

or Os Calcis (calx, the heel), is the largest and strongest of
cuboidal in form, having its long axis directed

It is irregularly
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Fig. 248.
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forwards and outwards. It is situated at the lower and back part of the foot,
serving to transmit the weight of the body to the ground, and forming a strong
It presents for examination six surfaces
lever for the muscles of the calf.

and posterior.
formed behind by the upper aspect of that part of the
It varies in length in
OS calcis which projects backwards to form the heel.
is convex from side to side, concave from before backdifferent individuals
wards, and upon it rests a mass of adipose substance placed in front of the tendo
In the middle of the superior surface are two (sometimes three) articular
Achillis.
facets, separated by a broad shallow groove, which is directed obliquely forwards
superior, inferior, external, internal, anterior,

The

superior surface

is

;

Fig. 250.

— The

left os calcis.

Postero-external view.

a.

b.

smooth

Autero-internal view.
fof

bt/A'stX'

Tei'paxzxi tuherde.

PrODve. for

.w

\

pez-oneus ht-euts

\

.'^J/t^

\

Grooue

fot-

vefoneus loti^vs

Tuierdc

fc- middle focsc

ofejct.LcU.ll^cun&nt

^cr"

Groo(/e for flex, lortq.

Uudde^ by

Fof tendo
AcJ'UU&s

ctBp^X^oilus

hcdlujUs

the. siA,simJz>UMliun,)

and outwards, and is rough for the attachment of the interosseous ligament
connecting the astragalus and os calcis. Of the two articular surfaces, the external
is the larger, and situated on the body of the bone
it is of an oblong form, wider
behind than in front and convex from before backwards. The internal articular
surface is supported on a projecting process of bone, called the lesser process of
the calcaneum {sustentaculum tali)
it is also oblong, concave longitudinally, and
sometimes subdivided into two parts, which differ in size and shape.
More
anteriorly is seen the upper surface of the greater ^process, marked by a rough
depression for the attachment of numerous ligaments, and a tubercle for the origin
of the Extensor brevis digitorum muscle.
The inferior surface is narrow, rough, uneven, wider behind than in front.
:

;
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and convex from side to side it is bounded posteriorly by two tubercles, separated
by a rough depression the external, small, prominent, and rounded, gives attachment to part of the Abductor minimi digiti the internal, broader and larger, for
the support of the heel, gives attachment, by its prominent inner margin, to the
Abductor hallucis, and in front to the Flexor brevis digitorum muscles
the
depression between the tubercles gives attachment to the Abductor minimi digiti
and plantar fascia. The rough surface in front of the tubercles gives attachment
to the long plantar ligament, and to the outer head of the Plexor accessorius
muscle and to a prominent tu.bercle nearer the anterior part of this surface,
;

;

;

;

;

as well as to a transverse groove in front of

it,

is

attached" the short

plantar

ligament.

The external surface is broad, flat, and almost subcutaneous it presents near
centre a tubercle, for the attachment of the middle fasciculus of the external
At its upper and anterior part, this surface gives attachment to
lateral ligament.
;

its

and in front of the tubercle it presents
narrow surface marked by two oblique grooves, separated by an elevated ridge
which varies much in size in different bones it is named the i^eroneal tubercle, and
gives attachment to a fibrous process from the external annular ligament.
The
superior groove transmits the tendon of the Peroneus brevis
the inferior, the
tendon of the Peroneus longus.
The internal surface is deeply concave it is directed obliquely downwards
and forwards, and serves for the transmission of the plantar vessels and nerves
it affords attachment to part of the Plexor accessorius
into the sole of the foot
muscle. At its upper and fore part it presents an eminence of bone, the lesser
process or sustentaculum tali, which projects horizontally inwards, and to it a
slip of the tendon of the Tibialis posticus is attached.
This process is concave
above, and supports the anterior articular surface of the astragalus
below,
it is grooved
Its free margin
for the tendon of the Flexor longus hallucis.
is rough for the attachment of part of the internal lateral ligament of the anklethe external calcaneo-astragaloid ligament

;

a

;

;

;

;

;

joint.

somewhat triangular form, articulates with the
concave from above, downwards and outwards, and convex in the
opposite direction.
Its inner border gives attachment to the inferior calcaneoThe

cuboid.

anterior surface, of a
It is

navicular ligament.

The

posterior surface

is

rough, prominent, convex, and wider below than

rough, for the attachment of the tendo Achillis and
the tendon of the Plantaris muscle
its upper part is smooth, and is covered by a
bursa which separates the tendons from the bone.
above.

Its

lower part

is

;

—

With two bones the astragalus and cuboid.
Attachment of Muscles. To eight part of the Tibialis posticus, the tendo
Achillis, Plantaris, Abductor hallucis, Abductor minimi digiti. Flexor brevis digitorum, Plexor accessorius, and Extensor brevis digitorum.
Articulations.

:

—

:

'

The Asteagalus
The Astragalus

(fig.

251)

a die) is the largest of the tarsal bones, next to
middle and upper part of the tarsus, supporting the
tibia above, articulating with the malleoli on either side, resting below upon the
OS calcis, and joined in front to the navicular. This bone may easily be recognised
by its large rounded head, by the broad articular facet on its upper convex surface,
or by the two articular facets separated by a deep groove on its under concave
the OS calcis.

surface.

(do-rpayaXo?,

It occupies the

It presents six surfaces for

examination.

The

superior surface presents, behind, a broad smooth trochlear surface, for
articulation with the tibia.
The trochlea is broader in front than behind, convex

from before backwards, slightly concave from side to side in front of it is the
upper surface of the neck of the astragalus rough for the attachment of ligaments.
The inferior surface presents two articular facets separated by a deep groove.
:

;

u

2
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The groove runs
and deeper

and outwards, becoming gradually broader
corresponds with a similar groove upon the upper surface
and forms, when articulated with that bone, a canal, filled up in
obliquely forwards

in front

:

it

of the OS calcis,
the recent state by the interosseous calcaneo-astragaloid ligament.
Of the two
articular facets, the posterior is
the larger, of an oblong form,
Fig. 251. The left astragalus, a. Superior and
b. Inferior and internal view.
external view.
and deeply concave from side to
side the anterior is shorter and
Sup. sowFace{or UhicL^
navicodar
narrower, of an elongated oval
Neck
form, convex longitudinally, and
often subdi\dded into two by an
elevated ridge of these the posterior articulates with the lesser
process of the os calcis
\
the
anterior, with the upper surface
of the inferior calcaneo-navicular ligament.
The internal
For ext
surface presents at its upper part

—

;

\

;

;

rvycdleiohA-i

G-i-ooue

hrta

foy\

.fle-x.hall.

a pear-shaped articular facet for
the inner malleolus, continuous
above with the trochlear surface below the articular surface
is a rough depression, for the
attachment of the deep portion
of the internal latei'al ligament.
The external surface presents a
large triangular facet, cop cave
;

from above downwards, for articulation with the external malit is continuous above
with the trochlear surfaqe and

leolus

;

;

sion for

rough depresthe attachment of the

anterior

fasciculus

in front of

it is

of the exligament of the

Vof Lfiferuor
cocZc. n-cMVc. 1a-^

ternal

lateral

ankle-joint.

a

The

anterior sur-

convex and rounded, forms
the head of the astragalus it is smooth, of an oval form, and directed obliquely
inwards and downwards it articulates with the navicular. On its under and
inner surface is a small facet, continuous in front with the articular surface
of the head, and behind with the smaller facet for the os calcis.
This rests on
the inferior calcaneo-navicular ligament, being separated from it by the synovial
membrane, which is prolonged from the anterior calcaneo-astragaloid joint to the
astragalo-navicular joint.
The head is surrounded by a constricted portion, the
neck of the astragalus. The posterior surface is narrow, and traversed by a groove,
which runs obliquely downwards and inwards, and transmits the tendon of the
Plexor longus hallucis, external to which is a prominent tubercle, to which the
face,

;

;

posterior fasciculus of the external lateral ligament is attached.
To the inner
side of the groove is a second, but less marked tubercle.
To ascertain to which foot the bone belongs, hold it with the broad articular
surface upwards, and the rounded head forwards the lateral triangular articular
;

surface for the external malleolus will then point to the side to
belongs.
Articulations.

— With four bones

:

tibia, fibula,

os calcis,

which the bone

and navicular.

;

CUBOID
The Cuboid
The Cuboid

{kv^o?, a cube

;

293

(fig.

252)

bone is placed on the outer side of
and behind the fourth and fifth metatarsal

etSos, like)

the foot, in front of the os calcis,

pyramidal shape, its base being directed inwards, its apex
be distinguished from the other tarsal bones by the existence
of a deep groove on its under surface, for the tendon of the Peroneus longus
muscle. It presents for examination six surfaces
three articular, and three
It is of a

bones.

outwards.

It

may

:

non-articular.

The

inferior, and external.
The
upwards and outwards, is rough, for the
The inferior or plantar surface presents
in front a deep groove, which runs obliquely from without, forwards and inwards
it lodges the
tendon of the Peroneus longus, and is bounded behind by a
prominent ridge, to which is attached the long calcaneo-cuboid ligament. The

surfaces

non-articular

the superior,

are

dorsal surface, directed
attachment of numerous ligaments.

superior

or

ridge terminates externally in an eminence, the

which presents a convex

tuherosity of the

cuboid, the

with the sesamoid bone
of the tendon contained in the groove.
The surface of bone behind the groove
is rough, for the attachment of the short plantar ligament, a few fibres of the
surface of

Fig. 252.
For

— The

cuboid,

left

ext. cu-nelfci-trL

a.

facet, for articulation

Antero-internal view.

Postero-external view.

b.

J'ofJi^nieta.taj-sal

G-rooi/e-

for

p &rori,eu^ lon^u&

Plexor brevis hallucis and a fasciculus from the tendon of the Tibialis posticus.
The external surface, the smallest and narrowest of the three, presents a deep
notch formed by the commencement of the peroneal groove.
The articular surfaces are the posterior, anterior, and internal. The posterior
surface

is

smooth, triangular, and concavo-convex, for articulation, with the
The anterior, of smaller size, but also irregularly

anterior surface of the os calcis.
triangular, is divided

by a

vertical ridge into

two facets

:

the inner one, quadri-

form, articulates with the fourth metatarsal bone
the outer one,
The internal
larger and more triangular, articulates with the fifth metatarsal.

lateral

in

;

surface is broad, rough, irregularly quadrilateral, presenting at its middle and
upper part a smooth oval facet, for articulation with the external cuneiform

bone

;

and behind this (occasionally) a smaller facet, for articulation with the
it is rough in the rest of its extent, for the attachment of strong

navicular

;

interosseous ligaments.

To ascertain to which foot the bone belongs, hold it so that its under surface,
marked by the peroneal groove, looks downwards, and the large concavo-convex
articular surface backwards, towards the holder
the narrow non- articular
surface, marked by the commencement of the peroneal groove, w411 point to the
side to which the bone belongs.
Articulations.
With four bones the os calcis, external cuneiform, and the
fourth and fifth metatarsal bones occasionally with the navicular.
Attachment of Muscles. Part of the Flexor brevis hallucis and a slip from
:

—

:

—

;

the tendon of the Tibialis posticus.
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The Navicular

(fig.

253)

The Navicular or Scaphoid bone is situated at the inner side of the tarsus,
between the astragahis behind and the three cuneiform bones in front. It may
be distinguished by its form, being concave behind, convex and subdivided into
three facets in front.

The anterior surface, of an oblong form, is convex from side to side, and subdivided by two ridges into three facets, for articulation with the three cuneiform
The 'posterior surface is oval, concave, broader externally than internally,
bones.

The sujjerior surface
articulates with the rounded head of the astragalus.
convex from side to side, and rough for the attachment of ligaments. The
The internal
inferior is irregular, and also rough for the attachment of ligaments.
surface presents a rounded tubercular eminence, the tuberosity of the navicular,
the lower part of which projects, and gives attachment to part of the tendon of
and

is

The external surface is rough, and irregular, for the
ligamentous fibres, and occasionally presents a small facet for
articulation with the cuboid bone.

the Tibialis posticus.

attachment

Fig. 253.

of

— The

left

navicular,
For

Fof

To

a.

Antero-external view

B.

Postero-internal view.

ittmL cumoforrrL

mi

ascertain to

which

foot the

bone belongs, hold it with the concave articular

surface backwards, and the convex dorsal surface upwards

;

the external surface,

the surface opposite the tubercle, will point to the side to
belongs.

i.e.

which the bone

— With four bones astragalus and three cuneiform
Attachment of Muscles. — Part of the Tibialis posticus.

Articulations.

:

;

occasionally

also with the cuboid.

The Cuneifobm Bones
The Cuneiform Bones have received their name from their wedge-like shape
(cuneus, a wedge; forma, likeness).
They form, with the cuboid, the anterior
row of the tarsus, being placed between the navicular behind, the three innermost metatarsal bones in front, and the cuboid externally. They are called the
second, and third, counting from the inner to the outer side of the foot,
and, from their position, internal, middle, and external.

first,

The Internal Cuneiform
The Internal Cuneiform

is

(fig.

the largest of the three.

254)
It is situated at the inner

between the navicular behind and the base of the first metatarsal
in front.
It may be distinguished from the other two by its large size, and by
its not presenting such a distinct wedge-like form.
Without the others, it may
be known by the large kidney-shaped anterior articulating surface, and by the
prominence on the inferior or plantar surface for the attachment of the Tibialis
posticus.
It presents for examination six surfaces.
side of the foot,

MIDDLE CUNEIFOEM
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subcutaneous, and forms part of the inner border of
its anterior inferior angle a
smooth oval facet, into which the tendon of the Tibialis anticus is partially inThe
serted in the rest of its extent it is rough, for the attachment of ligaments.
external surface is concave,
presenting, along its superior
Fig. 254.— The left internal cuneiform, a. Anterointernal view.
Postero-external view
and posterior borders, a nar-

The

the foot

internal surface

is

broad, quadrilateral, and presents at

it is

;

;

row reversed L-shaped

2"^ nxjehxicwscH

sur-

face for articulation with the

Toi'

yrtccL

CiLKBcfot'mi

middle cuneiform behind, and
second metatarsal bone in
front

the

in

:

extent

rest

rough

is

it

of

for

its

the

ligaments and
of the
The anPeroneus longus.
terior surface, kidney-shaped,
much larger than the posterior, articulates with the
metatarsal bone of the great

attachment

part

of

The

toe.

of

tendon

the

]_:)Osterior

surface

Fcf tenototz-ofUo

is

a.nM.cu^

triangular, concave,

71A/.iJUUAZcLr

and articulates with the

innermost and largest of the three facets on the anterior surface of the navicular.
The inferior or plantar surface is rough, and presents a prominent
tuberosity at its back part for the attachment of part of the tendon of the
Tibialis posticus.
It also gives attachment in front to part of the tendon of the
Tibialis anticus.
The superior surface is the narrow pointed end of the wedge,
which is directed upwards and outwards it is rough for the attachment of
;

ligaments.

To ascertain to which side the bone belongs, hold it so that its superior
narrow edge looks upwards, and the long, kidney-shaped, articular surface
forwards the external surface, marked by its vertical and horizontal articular
facets, will point to the side to which it belongs.
Articulations.
With four bones navicular, middle cuneiform, first and second
;

—

:

metatarsal bones.

Attachment of Muscles.
Peroneus longus.

—To

three:

the Tibialis anticus and posticus, and

The Middle Cuneifoem

(fig.

255)

of the three, is of very regular wedgebroad extremity being placed upwards, the narrow end downwards.
It is situated between the other two
bones of the same name, and articuFig. 255. The left middle cuneiform, a.
lates with the navicular behind, and
Antero-internal view. b. Postero-external
the second metatarsal in front.
It
view.
Fof nouiCcHAlcy,
may be distinguished from the exFoi- int cu/n^fofirij
ternal cuneiform bone, which it much
resembles in general appearance, by
the articular facet, of angular form,
which runs round the upper and back

The Middle Cuneiform, the smallest

like form, the

—

its inner surface
and if the
two bones from the same foot are
together, the middle cuneiform is

part of

;

Jbr Z"^7net£Ua.fsdZ

much

the smaller.
The anterior surface,

in form,

triangular

posterior, articulates with the base of the second
posterior surface, also triangular, articulates with the
internal surface presents a reversed L-shaped articular facet,

and narrower than the

metatarsal bone.
navicular.

The

The
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running along the superior and posterior borders, for articulation with the
internal cuneiform, and is rough in the rest of its extent for the attachment of
external siirface presents posteriorly a smooth facet for articucuneiform bone. The superior surface forms the base
external
lation with the

ligaments.
of the

The

wedge

it

;

is

and rough for
and tubercular, is
the insertion of a slip from the

quadrilateral, broader behind than in front,

the attachment of ligaments.

The

inferior surface, pointed

also rough for ligamentous attachment, and for
tendon of the Tibiahs posticus.
To ascertain to which foot the bone belongs, hold its superior or dorsal surface
upwards, the broadest edge being towards the holder the smooth facet (limited
to the posterior border) will then point to the side to which it belongs.
With four bones navicular, internal and external cuneiform,
Articulations.
and second metatarsal bone.
Attachment of Muscle. A slip from the tendon of the Tibialis posticus is
:

—

:

—

attached to this bone.

The External Cun:eiform

(fig.

256)

between the two preceding, is
The
extremity
being placed upwards,
broad
form,
the
wedge-like
a very regular
It
the narrow end downwards.
External Cuneiform, intermediate in size

of

—

The left external cuneiform, a. PosteroFig. 256.
internal view. B. Antero-external view.
Fc\' CuJbold.

Fo/^ nail tcuXcw

For iniddlc

(HjuiJiifbi'm^

occupies the centre of the front
of the tarsus between the
middle cuneiform internally, the
cuboid externally, the navicular
behind, and the third metatarsal
in front.
It is distinguished

row

from the internal cuneiform
bone by its more regular wedgelike shape, and by the absence
of the kidney-shaped articular
surface from the middle cuneiFar 3— mAUiJM fS act
I'Of 'd''-^metix,tcu-s.cd.
form, by the absence of the
reversed L-shaped facet, and by
the two articular facets which are present on both its inner and outer surfaces.
:

It

has

six surfaces for

The

examination.

anterior surface, triangular in form, articulates with the third metatarsal

The posterior surface articulates with the most external facet of the
and is rough below for the attachment of ligamentous fibres. The
internal surface presents two articular facets, separated by a rough depression,

bone.

navicular,

the anterior one, sometimes divided into two, articulates with the outer side of
the base of the second metatarsal bone the posterior one skirts the posterior
border, and articulates with the middle cuneiform the rough depression between
the two gives attachment to an interosseous ligament.
The external surface
also presents two articular facets, separated by a rough non-articular surface the
;

;

;

anterior facet, situated at the superior angle of the bone,

is

small,

and

articulates

with the inner side of the base of the fourth metatarsal the posterior and larger
one articulates with the cuboid the rough, non-articular surface serves for the
attachment of an interosseous ligament. The three facets for articulation with
the three metatarsal bones are continuous with one another, and covered by a
prolongation of the same cartilage the facets for articulation with the middle
cuneiform and navicular are also continuous, but that for articulation with the
cuboid is usually separate. The superior or dorsal surface is of an oblong square
form its posterior external angle being prolonged backwards. The inferior or
plantar surface is an obtuse rounded margin, and serves for the attachment of
part of the tendon of the Tibialis posticus, part of the Flexor brevis hallucis,
;

;

;

;

and ligaments.

To

ascertain to

which

side the

bone belongs, hold

it

with the broad dorsal

;
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surface iipwards, the prolonged edge backwards the separate articular facet for
the cuboid will point to the proper side.
With six bones the navicular, middle cuneiform, cuboid, and
Articulations.
;

—

:

second, third, and fourth metatarsal bones.
Attachment of Muscles. To two part of the Tibialis posticus,

—

:

and Flexor

brevis hallucis.

The Metatarsal Bones
The Metatarsal Bones are live in number, and are numbered one to five, in
accordance with their position from within outvrards they are long bones, and
present for examination a shaft and two extremities.
;

Common Characters of the Metatarsal Bones
The Shaft is prismoid in form, tapers gradually from the tarsal to the
phalangeal extremity, and is slightly curved longitudinally, so as to be concave
The posterior extremity, or base, is wedge-shaped,
below, slightly convex above.
articulating by its terminal surface with the tarsal bones, and by its lateral
surfaces with the contiguous metatarsal bones its dorsal and plantar surfaces
being rough for the attachment of ligaments. The anterior extremity, or head,
presents a terminal rounded articular surface, oblong from above downwards,
and extending further backwards below than above. Its sides are flattened,
and present a depression, surmounted by a tubercle, for ligamentous attachment.
Its under surface is grooved in the middle line for the passage of the Flexor
tendon, and marked on each side by an articular eminence continuous with the
terminal articular surface.
:

Peculiar Characters of the Metatarsal Bones

The

First

(fig.

257)

is

remarkable for

metatarsal bones. The shaft
form. Hhe posterior extremity
of air the

presents, as a rule,

no

lateral

its
is

Fig.

gTeat thickness, but
strong,

and

257.— The

first

of

is

the shortest

well-marked prismoid

metatarsal.

(Left.)

articular facets, but occasion-

on the outer side there
an oval facet, by which it
articulates with the second

ally
is

metatarsal bones. Its terminal articular surface is

kidney- shaped
circumference is grooved,
for the tarso-metatarsal ligaments, and internally gives
attachment to part of the
tendon of the Tibialis anticus
its inferior angle presents a rough oval prominence for the insertion of
the tendon of the Peroneus
longus. The head is of large
size
on its plantar sui'face
are two grooved facets, over
which glide sesamoid bones
of large size,

;

its

;

;

For IrvtemoU.

'cu^T-ei-fDi-m-

Occast-onaZ £isai

fo

Z^^futaiarscd.

the facets are separated by a smooth elevated

ridge.

This bone is known by the single kidney-shaped articular surface on its base
the deeply grooved appearance of the plantar surface of its head
and its great
thickness, relatively to its length.
When it is placed in its natural position, the
;

concave border of the kidney-shaped articular surface on
side to which the bone belongs.

its

base points to the

;
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Attachment of Muscles.

—To three

part of the Tibiahs anticus, the Peroneus

:

longus, and the Fhst dorsal interosseous.

The Second (fig. 258) is the longest and largest of the remaining metatarsal
bones, being prolonged backwards into the recess formed between the three
cuneiform bones. Its tarsal extremity is broad above, narrow and rough below.
one behind, of a triangular form, for articuIt presents four articular surfaces
:

lation with the middle cuneiform

upper part of its internal lateral
and two on its external
lateral surface, an upper and lower, separated by a rough non-articular interval.
Each of these articular surfaces is divided by a vertical ridge into two facets,
the two anterior -of these articulate with the third
thus making four facets
metatarsal; the two posterior (sometimes continuous) wdth the external cuneiform.
;

one

at the

surface, for articulation w^ith the internal cuneiform

;

;

In addition to these articular surfaces, there

bone articulates with the first metatarsal bone.
on the inner side of the shaft near the base.
The second metatarsal.

is

occasionally a fifth

It is oval in shape,

Fig. 259.

and

when
is

this

situated

— The third metatarsal.

(Left.)

The facets on the tarsal extremity of the second metatarsal bone serve at
once to distinguish itJrom the rest, and to indicate the foot to which it belongs
there being one facet at the upper angle of the internal surface, and two facets,
each subdivided into two parts, on the external surface, pointing to the side to
which the bone belongs. The fact that the two posterior subdivisions of these
external facets sometimes run into one should not be forgotten.

—

Attachment of Muscles. To four the Adductor obliquus hallucis, First and
Second dorsal interosseous, and a slip from the tendon of the Tibialis posticus,
occasionally also a slip from the Peroneus longus.
The Third (fig. 259) articulates behind, by means of a triangular smooth
surface, with the external cuneiform
on its inner side, by two facets, with the
second metatarsal
and on its outer side, by a single facet, with the fourth
metatarsal.
The latter facet is of circular form, and situated at the upper angle of
:

;

;

the base.

The

third metatarsal is known by its having at its tarsal end two undivided
on the inner side, and a single facet on the outer. This distinguishes it
from the second metatarsal, in which the two facets, found on one side of its

facets
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The single facet (when the bone is put
which the bone belongs.
Attachment of Muscles. To five Adductor obliquus hallucis, Second and
Third dorsal, and Eirst plantar interosseous, and a slip from the tendon of the
tarsal end, are

each subdivided into two.

in its natural position) is

on the

—

side to
:

Tibialis posticus.

The Fourth (fig. 260) is smaller in size than the preceding; its tarsal extremity
presents a terminal quadrilateral surface for articulation with the cuboid a
smooth facet on the inner side, divided by a ridge into an anterior portion for
;

articulation with the third metatarsal, and a posterior portion for articulation
with the external cuneiform on the outer side a single facet, for articulation
with the fifth metatarsal.
The fourth metatarsal is known by its having a single facet on either side of
If this
the tarsal extremity, that on the inner side being divided into two parts.
subdivision be not recognisable, the fact that its tarsal end is bent somewhat
outwards will indicate the side to which it belongs.
;

Fig. 260.— The fourth metatarsal.

|\

Fir

Fig. 261.

(Left.

—The

fifth

metatarsal.

(Left.

3^\

ictatcu'sal

'

J'di' s/xt.

cothoooL

Tcf 5 -

OMvUform-

m.etajk. yscd.

rmtaicwsstZ

For

—

>^

J.t^h&fostt4j

oi^loici

Attachment of Muscles. To five Adductor obUquus hallucis. Third and
Fourth dorsal, and Second plantar interosseous, and a slip from the tendon of the
:

Tibialis posticus.

The Fifth

recognised by the tubercular eminence on the outer
behind, by a triangular surface cut obliquely
from without inwards, with the cuboid and internally, with the fourth metaside of

its

(fig.

base.

261)

is

It articulates

;

tarsal.

The projection on the outer side of this bone at its tarsal end at once distinit from the others, and points to the side to which it belongs.
Attachment of Muscles. To six
the Peroneus brevis, Peroneus tertius,
Flexor brevis minimi digiti. Adductor transversus hallucis, Fourth dorsal, and
guishes

—

:

Third plantar.

—

Articulations.
Each bone articulates with the tarsal bones by one extremity,
and by the other with the first row of phalanges. The number of tarsal bones
with which each metatarsal articulates is one for the first, three for the second,
one for the third, two for the fourth, and one for the fifth.
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Phalanges
The Phalanges
those in the hand
other toes.

both in number and general arrangement, resemble
there being two in the great toe, and three in each of the

of the foot,

;

The phalanges of the first roio closely resemble those of the hand. The shaft
compressed from side to side, convex above, concave below. The postenor
and the anterior extremity presents a trochlear surface,
extremity is concave
for articulation with the second phalanges.
The phalanges of the second roio are remarkably small and short, but rather
broader than those of the first row.
The ungual phalanges, in form, resemble those of the fingers but they are
smaller, flattened from above downwards, presenting a broad base for articulation
with the second row, and an expanded extremity for the support of the nail and
end of the toe.
The first row, with the metatarsal bones behind and second
Articulations.
phalanges in front the second row, of the four outer toes, with the first and
the third row, of the
of the great toe, with the first phalanx
third phalanges
four outer toes, with the second phalanges.
Attachment of Muscles. To the first phalanges. Great toe five muscles
innermost tendon of Extensor brevis digitorum. Abductor hallucis. Adductor
obliquus hallucis. Flexor brevis hallucis, Adductor transversus hallucis. Second
First and Second dorsal interosseous, and First lumbrical.
toe, three muscles
Third toe, three muscles Third dorsal and First plantar interosseous, and Second
Fourth toe, three muscles Fourth dorsal and Second plantar interlumbrical.
Fifth toe, four muscles Flexor brevis minimi
osseous, and Third lumbrical.
digiti. Abductor minimi digiti, and Third plantar interosseous, and Fourth
lumbrical.
Second phalanges.
Great toe
Extensor longus hallucis. Flexor
longus hallucis. Other toes Flexor brevis digitorum, one slip of the commpn
tendon of the Extensor longus and brevis digitorum.* Third phalanges two
slips from the common tendon of the Extensor longus and Extensor brevis digitorum, and the Flexor longus digitorum.
is

;

;

—

;

;

;

—

:

:

:

:

:

—

:

:

—

Development of the Foot

(fig.

:

262)

The Tarsal bones are each developed by a single centre, excepting the os
which has an epiphysis for its posterior extremity. The centres make
their appearance in the following order
os calcis, at the sixth month of foetal
life
external
astragalus, about the seventh month cuboid, at the ninth month

calcis,

:

;

;

;

cuneiform, during the first year internal cuneiform, in the third year middle
cuneiform and navicular in the fourth year. The epiphysis for the posterior
tuberosity of the os calcis appears at the tenth year, and unites with the rest of
the bone soon after puberty.
The Metatarsal bones are each developed by two centres one for the shaft,
and one for the digital extremity, in the four outer metatarsal one for the shaft,
and one for the base, in the metatarsal bone of the great toe.t Ossification commences in the centre of the shaft about the ninth week, and extends towards
either extremity.
The centre in the proximal end of the first metatarsal bone
appears about the third year the centre in the distal end of the other bones
between the fifth -and eighth year they become joined between the eighteenthand twentieth years.
;

;

:

;

;

;

The Phalanges

are developed

by two centres

for

each bone

;

one for the

shaft,

Except the second phalanx of the fifth toe, which receives no shp from the Extensor
brevis digitorum.
t As was noted in the first metacarpal bone, so in the first metatarsal, there is often
to be observed a tendency to the formation of a second epiphysis in the distal extremity
*

(see footnote, p. 259).

;
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and one for the metatarsal extremity. The centre for the shaft appears about
the tenth week that for the epiphysis between the fourth and tenth year, they
join the shaft about the eighteenth year.
;

Construction of the Foot as a

Whole

on the same principles as the hand, but modified to
support for the rest of the body when in the erect position.
It is more solidly constructed, and its component parts are less movable on each
This is especially the case with the great toe, which has
other than in the hand.
to assist in supporting the body, and is therefore constructed with greater solidity

The

foot is constructed

form a firm basis

of

;

Fig. 262.

—Plan of the development of the

foot.

Appears 10th year
unites after puherty
TABSUS.

One centre for each hone,
excej)t OS calcis

METATABSUS.
Tivo centres for each hone
One for shaft

One for

Appiears

:

Stli

year

Unite 18th-20th year

digital extremity

except 1st

~ Ai^pears 7th week
Appears 1th iveek

"

Unite 18th-20th yearf
AxJiiears Srd

year-maM

Appears ith year-^^^
Unite nth-lSth year r- -1

—

PHALANGES.

Two

Appears ^nd-Uh month

centres for each hone

One for shaft
One for metatarsal
extremity

:

-I

'

i

g

2

Appears 6th—1th year
^
Unite llth-18th year i ^^^ |

Appears 2nd^ith month-^^^

£

Appears Qth year-^
^
Unite llth-lSth year '{^ ?
~
AjDpears 1th iueek—«^

lies parallel with the other toes, and has a very limited degree of mobility,
whereas the thumb, which is occupied in numerous and varied movements, is
constructed in such a manner as to permit of great mobility its metacarpal
bone is directed away from the others, so as to form an acute angle with the
second, and it enjoys a considerable range of motion at its articulation with the
carpus.
The foot is placed at right angles to the leg a position which is almost
peculiar to man, and has relation to the erect position which he maintains.
In
order to allow of its supporting the weight of the whole body in this position,
with the least expenditure of material, it is constructed in the form of an arch.
This arch is not, however, made up of two equal limbs. The hinder one, which
is made up of the os calcis and the posterior part of the astragalus, is about half

it

;

—

;
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the length of the anterior hmb, and measures about three inches. The anterior
hmb consists of the rest of the tarsal and the metatarsal bones, and measures
about six inches. It may be said to consist of two parts, an iniier segment made
up of the head of the astragalus, the navicular, the three cuneiform, and the three
and an outer segment composed of the cuboid and the
inner metatarsal bones
two outer metatarsal bones. The summit of the arch is at the superior articular
surface of the astragalus and its two extremities, that is to say the two points
;

;

on which the arch rests

in standing, are the tubercles

on the under surface

of the

The
OS calcis posteriorly, and the heads of the metatarsal bones anteriorly.
'weakest part of the arch is the joint between the astragalus and scaphoid, and
more liable to yield in those who are overweighted, and in those in
the ligaments which complete and preserve the arch are relaxed. This
weak point in the arch is braced on its concave surface by the inferior calcaneonavicular ligament, which is more elastic than most other ligaments, and thus
allows the arch to yield from jars or shocks applied to the anterior portion of
here

it is

whom

This ligament is supthe foot, and quickly restores it to its pristine condition.
ported on its under surface by the tendon of the Tibialis posticus muscle,
which is spread out into a fan- shaped insertion, and prevents undue tension
of the ligament or such an amount of stretching as would permanently elongate

it.

In addition to this longitudinal arch the foot presents a transverse arch, at the
This, however,
anterior part of the tarsus and hinder part of the metatarsus.
can scarcely be described as a true arch, but presents more the character of a
half-dome. The inner border of the central portion of the longitudinal arch is
elevated from the ground, and from this point the bones arch over to the outer
border, which is in contact with the ground, and, assisted by the longitudinal
arch, produce a sort of rounded niche on the inner side of the foot, which gives
the appearance of a transverse as well as a longitudinal arch.
The line of the foot, from the point of the heel to the toes, is not quite straight,
but is directed a little outwards, so that the inner border is a little convex and
the outer border concave. This disposition of the bones becomes more marked
when the longitudinal arch of the foot is lost, as in the disease known under the

name

of

'

fiat-foot.'

—

Surface Form. On the dorsum of the foot the individual bones are not to be
distinguished, with the excexation of the head of the astragahis, which forms a rounded
The whole surface
projection in front of the ankle-joint when the foot is forcibly extended.
forms a smooth convex outline, the summit of which is the ridge formed by the head of
the astragalus, the navicular, the middle cuneiform, and the second metatarsal bones
from this it gradually inclines outwards and more rapidly inwards. On the inner side of
the foot, the internal tuberosity of the os calcis and the ridge separating the inner from
the posterior surface of the bone may be felt most posteriorly. In front of this, and below
the internal malleolus, may be felt the projection of the sustentaculum tali. Passmg
forwards is the well-marked tuberosity of the navicular bone, situated about an inch or an
inch and a quarter in front of the internal malleolus. Fiu'ther towards the front, the ridge
formed by the base of the first metatarsal bone can be obscurely felt, and from this the
shaft of the bone can be traced to the expanded head articulating with the base of the first
phalanx of the great toe. Immediately beneath the base of this phalanx, the internal
sesamoid bone is to be felt. Lastly, the expanded ends of the bones forming the last joint
of the great toe are to be felt. On the outer side of the foot the most posterior bony point
is the outer tuberosity of the os calcis, with the ridge separating the posterior from the
outer surface of the bone. In front of this the greater part of the external surface of the
os calcis is subcutaneous on it, below and in front of the external maUeolus, may be felt
the peroneal ridge, when this process is present. Further forwards, the base of the
fifth metatarsal bone forins a prominent and well-defined landmark, and in front of this
the shaft of the bone, with its expanded head, and the base of the first phalanx, may be
The sole of the foot is almost entirely covered by soft parts, so that but few
defined.
bony parts are to be made out, and these somewhat obscurely. The hinder part of the
under surface of the os calcis and the heads of the metatarsal bones, with the exception of
the first, which is concealed by the sesamoid bones, may be recognised.
Surgical Anatomy. Considering the injuries to which the foot is subjected, it is
surprising how seldom the tarsal bones are fractured. This is no doubt due to the fact
that the tarsus is composed of a niunber of bones, articulated by a considerable extent of
;

—
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surface and joined together by verj- strong ligaments, wliicli serve to break the force of
When fracture does occur, these bones being
violence applied to this part of the body.
composed for the most part of a soft cancellous structure, covered only by a thin shell
of compact tissue, are often extensively' comminuted, especially as most of the fractures
And having only a very scanty amount of soft parts over
are produced by direct violence.
them, the fractures are very often compound, and amputation is frequently necessary.
When fracture occurs in the anterior group of tarsal bones, it is almost invariably the
but fractures of the posterior group, that is, of the calcaneum and
result of direct violence
astragalus, are most frequently produced by falls from a height on to the feet though
The
fracture of the os calcis may be caused by direct violence or by muscular action.
posterior part of the bone, that is, the part behind the articular surfaces, is the most frequent seat of the fracture, though some few cases of fracture of the sustentaculum tali and of
The neck of the
vertical fractiu^e between the two articulating facets have been recorded.
astragalus, being the weakest part of the bone, is most frequently fractured, though fractiu-es
may occur in any part and almost in any direction, either associated or not with fracture
of other bones.
In cases of club foot, especially in congenital cases, the bones of the tarsus become
This is especially the
altered in shape and size, and displaced from their proper positions.
case in congenital equino-varus, in which the astragalus, particularly about the head,
becomes twisted and atrophied, and a similar condition may be present in the other bones,
more especially the navicular. The tarsal bones are peculiarly liable to become the seat
There are several reasons to
of tuberculous caries from comparatively trivial injuries.
account for this. They are coixiposed of a delicate cancellated structiu-e, surrounded by
They are situated at the fiu'thest pomt from the central
intricate synovial membranes.
organ of the circulation and exposed to vicissitudes of temperatu^re and, moreover, on their
dorsal surface are thinly clad with soft parts which have but a scantj^ blood-supply. And
finally, after slight injuries, they are not maintained in a condition of rest to the same
Caries of the calcaneiim and
extent as similar injimes in some other parts of the body.
astragalus may remain limited to the one bone for a long period, but when one of the other
bones is affected, the remainder frequently become involved, in consequence of the disease
spreading through the large and complicated synovial membrane which is more or less
common to these bones.
Amputation of the whole or a part of the foot is frequently required either for injury or
The principal amputations are as follow (l)Syme's: amputations at the ankledisease.
joint by a heel-flap, with removal of the malleoli and sometimes a thin slice from the
amputation at the ankle-joint by a large internal flap.
lower end of the tibia.
(2) Roux's
removal of the whole of the tarsal bones, except the posterior
(3) PirogofPs amputation
part of the os calcis, and a thin slice from the tibia and fibula includmg the two malleoli.
The sawn surface of the os calcis is then turned up and united to the similar surface of
the tibia.
(4) Subastragaloid amputation removal of the foot below the astragalus through
Tliis operation has been modified by Hancock,
the joint between it and the os calcis.
who leaves the posteinor third of the os calcis and turns it up against the denuded surface
This latter operation is of doubtful utility, and is' rarely performed.
of the astragalus.
renioval of the anterior part of the foot with all the tarsal
{5) Chopart's or medio-tarsal
bones except the os calcis and astragalus disarticulation being effected through the jomts
between the scaphoid and cuboid in front, and the astragalus and os calcis behind.
amputation of the anterior part of the foot through the tarso-metatarsal
(6) Lisfi'anc's
joints.
This has been modified hy Hey, who disarticulated through the joints of the four
outer metatarsal bones with the tarsus, and sawed off the projecting internal cuneiform and
by Skey, who sawed off the base of the second metatarsal bone and disarticulated the others.
The bones of the tarsus occasionally require removal individually. This is especially
the case with the astragalus and os calcis for disease limited to the one bone, or again the
astragalus may require excision in cases of subastragaloid dislocation, or, as recommended
by Mr. Lund, in cases of inveterate talij)es. The cuboid has been removed for the same
reason by Mr. Solly. But both these two latter operations have fallen very much into
disuse, and have been superseded by resection of a wedge-shaped piece of bone fi'om the
outer side of the tarsus.
Finally, Mickulicz and Watson have devised operations for the
removal of more extensive portions of the tarsus. Mickulicz's operation consists in the
removal of the os calcis and astragalus, along with the articular surfaces of the tibia and
fibula, and also of the scaphoid and cuboid.
The remaining portion of the tarsus is then
brought into contact with the sawn surfaces of the tibia and fibula, and fixed there. The
result is a position of the shortened foot resembling talipes equinus.
Watson's operation
is adapted to those cases where the disease is confined to the anterior tarsal bones.
By
two lateral incisions he saws through the bases of the metatarsal bones in front and opens
up the joints between the scaphoid and astragalus, and the cuboid and os calcis, and
removes the intervening bones.
The metatarsal bones and phalanges are nearly always broken by direct violence, and
in the majority of cases the injury is the result of severe crushing accidents, necessitating
amputation. The metatarsal bones, and especially the one of the great toe, are frequently
diseased, either in tubej'culous subjects or in perforating ulcer of the foot.
;

;

;

:

:

:

:

:

;

:

;
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Sesamoid Bones
These are small rounded masses, cartilaginous in early life, osseous in the
which are developed in those tendons which exert a great amount of presIt is said that they are more comsure upon the parts over which they glide.
monly found in the male than in the female, and in persons of an active muscular
They are invested throughout
habit than in those who are weak and debilitated.
their whole surface by the fibrous tissue of the tendon in which they are found,
excepting upon that side which lies in contact with the part over which they play,
where they present a free articular facet. They may be divided into two kinds
those which glide over the articular surfaces of joints, and those which play over
the cartilaginous facets found on the sta^faces of certain bones.
The sesamoid bones of the joints in the upper extremity are two on the
palmar surface of the metacarpo-phalangeal joint in the thumb, developed in the
tendons of the Flexor brevis pollicis occasionally one or two opposite the metacarpo-phalangeal articulations of the fore and little fingers and, still more
In the lower
rarely, one opposite the same joints of the third and fourth fingers.
extremity, the patella, which is developed in the tendon of the Quadriceps
extensor two small sesamoid bones, found in the tendons of the Flexor brevis
and occasionhallucis, opposite the metatarso-phalangeal joint of the great toe
ally one in the metatarso-phalangeal joint of the second toe, the little toe, and,
still more rarely, the third and fourth toes.
Those found in the tendons which glide over certain bones occupy the following situations one sometimes found in the tendon of the Biceps cubiti, opposite
the tuberosity of the radius one in the tendon of the Peroneus longus, where it
one appears late in life in the
glides through the groove in the cuboid bone
tendon of the Tibialis anticus, opposite the smooth facet of the internal cuneiform
bone one is found in the tendon of the Tibialis posticus, opposite the inner side
of the head of the astragalus
one in the outer head of the Gastrocneilnius,
behind the outer condyle of the femur and one in the conjoined tendon of the
Psoas and Iliacus, where it glides over the os pubis. Sesamoid bones are found
occasionally in the tendon of the Gluteus maximus, as it passes over the great
trochanter and in the tendons which wind round the inner and outer malleoli.
adult,

:

;

;

;

;

:

;

;

;

;

;

;

;
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various bones of which the Skeleton consists are connected together at
THEdifferent
parts of their surfaces, and such a connection
designated by the
is

name

the joint is imviovahle, as between the cranial
and most of the facial bones, the adjacent margins of the bones are applied in
almost close contact, a thin layer of fibrous membrane, the sutured ligament, and,
at the base of the skull, in certain situations, a thin layer of cartilage being interof Joint or Articulation.

If

Where slight movement is required, combined with great strength, the
osseous surfaces are united by tough and elastic fibro-cartilages, as in the joints
of the spine, the sacro-iliac and interpubic articulations
but in the movable
joints, the bones forming the articulation are generally expanded for greater
convenience of mutual connection, covered by cartilage, held together by strong
bands or capsules of fibrous tissue, called ligaments, and partially lined by a
membrane, the synovial membrane, which secretes a fluid to kibricate the various
JDarts of which the j oint is formed so that the structures which enter into the formation of a joint are bone, cartilage, fibro-cartilage, ligament, and synovial membrane.
Bone constitutes the fundamental element of all the joints. In the long bones,
the extremities are the parts which form the articulations they are generally
somewhat enlarged, consisting of spongy cancellous tissue with a thin coating of
compact substance. In the flat bones, the articulations usually take place at
the edges and in the short bones at various parts of their surface.
The layer
of compact bone which forms the articular surface, and to which the cartilage is
It is of white colour, extremely dense,
attached, is called the articular lamella.
and varies in thickness. Its structure differs from ordinary bone-tissue in this
respect, that it contains no Haversian canals, and its lacunae are much larger than
in ordinary bone, and have no canaliculi.
The vessels of the cancellous tissue,
as they approach the articular lamella, turn back in loops, and do not perforate it
this layer is consequently more dense and firmer than ordinary bone, and is
evidently designed to form a firm and unyielding support for the articular cartilage.
The cartilage which covers the articular surfaces of bone, and is caUed articular, will be found described, with the other varieties of cartilage, in the section
on General Anatomy (page 21).
Ligaments consist of bands of various forms, serving to connect together the
articular extremities of bones, and composed mainly of bundles of loliite fibrous
tissue placed parallel with, or closely interlaced with one another, and presenting
a white, shining silvery aspect.
A ligament is phant and flexible, so as to allow
of the most perfect freedom of movement, but strong, tough, and inextensile, so
it is consequently
as not readily to yield under the most severely applied force
well adapted to serve as the connecting medium between the bones.
Some
ligaments consist entirely oiyelloio elastic tissue, as the ligamenta subflava, which
connect together the adjacent arches of the vertebrae, and the ligamentum nuchse
in the lower animals.
In these cases it will be observed that the elasticity of the
ligament is intended to act as a substitute for muscular power.
Synovial membrane is a thin, delicate membrane of connective tissue, with

posed.

;

:

;

;

;

branched connective-tissue corpuscles. Its secretion is thick, viscid, and glairy,
like the white of an egg
and is hence termed synovia. The synovial membranes
found in the body admit of subdivision into three kinds articular, bursal, and
;

—

vaginal.

The

articular synovial

In the foetus this

but in the adult it is wanting, excepting at their circumference,
encroaches for a short distance and to which it is firmly attached
then invests the inner surface of the capsular or other ligaments enclosing the

of the cartilages

ripon
it

membranes are found in all the freely movable joints.
is said, by Toynbee, to be continued over the surface

membrane

which

;

it

:
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joint,

and

is

any tendons passing through its cavit-Pophteus in the knee, and the tendon of the Biceps m tl

reflected over the surface of

as the tendon of the

Hence the articular synovial membrane may be regarded as a short
wide tube, attached by its open ends to the margins of the articular cartilages
and covering the inner surface of the various ligaments which connect the articular siirfaces, so that along with the cartilages it completely encloses the joirjt
In some of the joints the synovial membrane is thrown into folds, which
cavity.
shoulder.

They

pass across the cavity.

are called synovial ligaments,

diudi

are especiall

In other joints there are flattened folds, subdivided at th( n
margins into fringe-like processes, the vessels of which have a convoluted arrangement. These latter generally project from the synovial membrane near the
distinct in the knee.

and

upon

margin

of the cartilage,

tissue,

covered with endothelium, and contain

and,

more

lie fiat

rarely, isolated cartilage-cells.

its

surface.

The

They

consist of connective

fat-cells in variable quantities,

larger folds often contain consider-

They were described, by Clopton Havers, as mucilaginous
able quantities of fat.
Under certain diseased
glands, and as the source of the synovial secretion.
conditions, similar processes are found covering the entire surface of the synovial

membrane, forming a mass
into the

joint.

of

peduncidated fibro-fatty growths, which projects

Similar structures are also found in

some

of

the bursal and

vaginal synovial membranes.
The bursal synovial membranes are found interposed between surfaces which
move upon each other, producing friction, as in the gliding of a tendon, or of the
integument over projecting bony surfaces. They admit of subdivision into two
The bursce mucosa are large,
kinds, the bursa mucosce. and the bursce synovice.
simple, or irregular cavities in the subcutaneous areolar tissue, enclosing a clear
They are found in various situations, as between the integument
viscid fluid.
and the front of the patella, over the olecranon, the maUeoh, and other prominent
The bursa synovia are found interposed between muscles or tendohs as
parts.
they play over projecting bony surfaces, as between the Glutei muscles and the
They consist of a thin wall of connective tissue,
surface of the great trochanter.
Where one of
partially covered by patches of cells, and contain a viscid fluid.
these exists in the neighbourhood of a joint, it usually communicates with its
cavity, as is generally the case with the bursa between the tendon of the Psoas
and Iliacus and the capsular ligament of the hip, or the one interposed between
the under surface of the Subscapularis and the neck of the scapula.
The vaginal synovial membranes {synovial sheaths) serve to facilitate the glidThe
ing of tendons in the osseo-fibrous canals through which they pass.
membrane is here arranged in the form of a sheath, one layer of which adheres to
the wall of the canal, and the other is reflected upon the surface of the contained
tendon the space between the two free surfaces of the membrane being
These sheaths are chiefly found surrounding
partially filled with the synovia.
the tendons of the flexor and extensor muscles of the fingers and toes, as they
pass through the osseo-fibrous canals in the hand or foot.
Synovia is a transparent, yellowish-white, or slightly reddish fluid, viscid
It
like the white of egg, having an alkaline reaction and slightly saline taste.
consists, according to Frerichs, in the ox, of 94"85 water, 0-56 mucus and epithelium, 0-07 fat, 3-5 1 albumen and extractive matter, and 0*99 salts.
The articulations are divided into three classes synarthrosis, or immovable
;

:

amphiarthrosis, or mixed

I.

;

and

diarthrosis, or

Synarthrosis.-

movable

;

joints.

Immovable Articulations

those articulations in which the surfaces of the
by an intervening mass of
connective tissue, and in which there is no appreciable motion, as the joints
between the bones of the cranium and face, excepting those of the lower jaw.
The varieties of synarthrosis are four in number Sutura, Schindylesis, Gomphosis,
and Synchondrosis.
Synarthrosis includes

bones are

all

in almost direct contact, fastened together

:
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Sutura {a seam) is that form of articulation where the contiguous margins of
bones are united by a thin layer of fibrous tissue. It is met with only in the
When the articulating surfaces are connected by a series of processes and
skviU.
indentations interlocked together, it is termed sutura vera of which there are
sutura dentata, serrata, and limbosa. The surfaces of the bones
three varieties
are not in direct contact, being separated by a layer of membrane, continuous
externally with the pericranium, internally with the dura mater.
The sutura
dentata (dens, a tooth) is so called from the tooth-like form of the projectinofiat

;

:

between the parietal bones. In the sutura
two bones forming the articulation are
serrated like the teeth of a fine saw, as between the two portions of the frontal
In the sutura limbosa (limbus, a selvage), besides the dentated processes,
bone.
articular processes, as in the suture

serrata (serra, a saw) the edges of the

there is a certain degree of bevelling of the articular surfaces, so that the bones
overlap one another, as in the suture between the parietal and frontal bones.
When the articulation is formed by roughened surfaces placed in apposition with
one another, it is termed the false suture {sutura notlia), of which there are two
kinds, the sutura squamosa (squama, a scale), formed by the overlapping of two
contiguous bones by broad bevelled margins, as in the squamo-parietal (squamous)
suture and the sutura harmonia {apfxovia, ajoinmg together), where there is simple
apposition of two contiguous rough bony surfaces, as in the articulation between
;

the two superior maxillary bones, or of the horizontal plates of the palate bones.
Schindylesis {a-xi.v8vXrio-i<s, a fissure) is that form of articulation in which a thin
plate of bone

is received into a cleft or fissure formed by the separation of two
laminae in another bone, as in the articulation of the rostrum of the sphenoid and
perpendicular plate of the ethmoid with the vomer, or in the reception of the latter

between the superior maxillary and palate bones.
(yo/x(^os, a nail) is an articulation formed by the insertion of a
conical process into a socket, as a nail is driven into a board
this is not illustrated by any articulation between bones, properly so called, but is seen in the
in the fissure

Gomphosis

;

articulation of the teeth with the alveoli of the maxillary bones.

Synchondrosis.
a synchondrosis.

—Where the connecting medium

is cartilage the joint is termed
a temporary form of joint, for the cartilage becomes
before adult life.
Such a joint is found between the

This

is

converted into bone
epiphyses and shafts of long bones.

Amphiabthrosis.

2.

Mixed Articulations

In this form of articulation, the contiguous osseous surfaces are either connected together by broad flattened discs of fibro-cartilage, of a more or less
complex structure, which adhere to the end of each bone, as in the articulation
between the bodies of the vertebrae, and the sacro-iliac and pubic symphyses.
This is termed Symphysis. Or, secondly, the bony surfaces are united by an
interosseous ligament, as in the inferior tibio-fibular articulation.
To this the
term Syndesmosis is applied.

DiARTHROsis.

3.

Movable Articulations

This form of articulation includes the greater number of the joints in the body,
mobility being their distinguishing character.
They are formed by the approxi-

mation

two contiguous bony surfaces, covered with cartilage, connected by
and lined by synovial membrane. The varieties of joints in this class
have been determined by the kind of motion permitted in each. There are two
varieties in which the movement is uniaxial, that is to say, all movements take
place around one axis.
In one form, the Ginglymus, this axis is practically
of

ligaments,

speaking transverse

;

in the other, the trochoid or pivot- joint,

it is

longitudinal.

There are two varieties where the movement is biaxial, or around two horizontal
axes at right angles to each other, or at any intervening axis between the two.
These are the condyloid and saddle- joint. There is one form of joint where the
x 2
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movement

is

And finally

polyaxial, the enarthrosis or ball-and-socket joint.

are the Arthrodia or Gliding joints.

there

—

Ginglymus or Hinge-joint (ytyyAu/^os, a liiiKje). In this form of joint the
moulded to each other in such a manner as to permit motion
only in one plane, forwards and backwards the extent of motion at the same time
being considerable. The direction which the distal bone takes in this motion is

articular surfaces are

;

never in the same plane as that of the axis of the proximal bone, but there is
always a certain amount of alteration from the straight line during flexion. The
articular surfaces are connected together by strong lateral ligaments, which form
The most perfect fornis of ginglymus are the intertheir chief bond of union.
phalangeal joints and the joint between the humerus and ulna the knee and ankle
are less perfect, as they allow a slight degree of rotation or lateral movement in
certain positions of the limb.
Trochoides {pivot-joijit). Where the movement is limited to rotation, the
joint is formed by a pivot-like process turning within a ring, or the ring on the
In the superior
pivot, the ring being formed partly of bone, partly of ligament.
radio-ulnar articulation, the ring is formed partly by the lesser sigmoid cavity of
the ulna in the rest of its extent, by the orbicular ligament here, the head of
In the articulation of the odontoid process of
the radius rotates within the ring.
the axis wdth the atlas, the ring is formed in front by the anterior arch of the
atlas behind, by the transverse ligament here the ring rotates round the odontoid
;

—

;

;

;

;

process.

—

In this form of joint, an ovoid articular head, or
received into an elliptical cavity in such a manner as to permit of
flexion and extension, adduction and abduction and circumduction, but no axial
The articular surfaces are connected together by anterior, posterior,
rotation.
and lateral ligaments. An example of this form of joint is found in the wrist.
Articulations by Reciprocal Reception {saddle-joint).
In this variety the
Condyloid Articulations.

condyle,

is

—

concavo-convex that is to say, they are inversely convex
The movements are the same as in
in one direction and concave in the other.
the preceding form that is to say, there is flexion, extension, adduction, abducThe articular surfaces are contion, and circumduction, but no axial rotation.
nected by a capsular ligament. The best example of this form of joint is the
carpo-metacarpal joint of the thumb.
Enarthrosis is that form of joint in which the distal bone is capable of motion
around an indefinite number of axes, which have one common centre. It is formed
by the reception of a globular head into a deep cup -like cavity (hence the name
'ball-and-socket'), the parts being kept in apposition by a capsular ligament
strengthened by accessory ligamentous bands.
Examples of this form of
articulation are found in the hip and shoulder.
Arthrodia is that form of joint which admits of a gliding movement it is
formed by the approximation of plane surfaces, or one slightly concave, the other
slightly convex
the amount of motion between them being limited by the
hgaments, or osseous processes, surrounding the articulation as in the articular
processes of the vertebrae, the carpal joints, except that of the os magnum wath
the scaphoid and semilunar bones, and the tarsal joints with the exception of the
joint between the astragalus and the navicular.
On the next page, in a tabular form, are the names, distinctive characters, and
examples of the different kinds of articulations.
articular surfaces are

;

;

;

;

;

The Kinds of Movement admitted

in Joints

The movements admissible in joints may be divided into four kinds glidingangular movement, circumduction, and rotation. These movements are often,
however, more or less combined in the various joints, so as to produce an infinite variety, and it is seldom that we find only one kind of motion in any
:

particular joint.

,
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Dentata,

having

tooth-like processes.

As

in

interparietal

suture.

S errata, having

ser-

edges like
teeth of a saw.

the

rated

Sutura
(true)

vera

articulate

As

in

interfrontal

by indented bor-

suture.

ders.

Limbosa, having bemargins,
and
dentated processes.
velled

Sutura. Articulation

Synarthrosis,

Immovable

or

Surfaces
separated by fibrous membrane,
without any intervening
syno-

Joint.

vial

cavity,

immovably

by

As

processes and
inden tations
interlocked to-

in fronto-parietal

suture.

Squamosa, formed by

gether.

thin bevelled margins,

Sutura

and

(false)

overlapping each other.
As in squamo-parietal

notha

suture.

articulate

Ha rmon ia

by rough surfaces.

con-

,

formed by

the apposition of contiguous rough surfaces.
As in intermaxillary

nected with each
other.

As in joints of
cranium and face
(except
lower

^

Schindylesis.

suture.

— Articulation foimed by the

reception of a

thin plate of one bone into a fissure of another.
As in articulation of rostrum of sphenoid with vomer.

jaw).

Gomphosis.

—Articulation

formed by the insertion

of

a

conical process into a socket.

The
uimphiarthros is

Mixed

teeth.

—

Symphysis. Surfaces connected by fibro-cartilage, not
separated by synovial membrane, and having limited motion.

As

between bodies of vertebrae.
Syndosmosis.
Surfaces united by an interosseous ligament. As in the inferior tibio-fibular articulation.
Ginglymus. Hinge-joint motion limited to two directions, forwards and backwards.
Articular surfaces fitted
together so as to permit of movement in one plane. As in
the inter-phalangeal joints and the joint betw^een the humerus
and the ulna.
Trochoides or Pivot-joint.
Articulation by a pivot proAs in
cess turning within a ring, or ring around a pivot.
superior radio-ulnar articulation, and atlanto-axial joint.
Condyloid.
Ovoid head received into elliptical cavity.
Movements in every direction except axial rotation. As the

Articula-

tion.

in joints

—

—

;

—

—

Diarthrosis,

Movable

wrist- joint.

Joint.

Reciprocal Beception {Saddle-joint).
inversely convex in one direction

— Articular

and concave

Movement

surfaces

in the other.

As in
in every direction except axial rotation.
the carpo-metacarpal joint of the thumb.
Enarthrosis. Ball-and-socket joint capable of motion
in all directions.
Articulations by a globular head received
into a cup-like cavity.
As in hip- and shoulder-joints.
Arthrodia.
Gliding- j oint
articulations by plane surfaces, which glide upon each other,
As in carpal and tarsal

—

—

\^

articulations.

;

;
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Gliding movement is the most simple kind of motion that can take place in a
one surface gliding or moving over another without any angular or rotatory
movement. It is common to all movable joints but in some, as in most of the
articulations of the carpus and tarsus, it is the only motion permitted. This movement is not confined to plane surfaces, but may exist between any two contiguous
surfaces, of whatever form, limited by the ligaments which enclose the articu-

joint,

;

lation.

Angular movement occurs only between the long bones, and by it the angle
between the two bones is increased or diminished. It may take place in four
directions forwards and backwards, constituting flexion and extension, or
inwards and outwards, from the mesial line of the body (or in the fingers and
toes from the middle line of the hand or foot), constituting adduction and abduction.
The strictly ginglymoid or hinge-joints admit of flexion and extension
only.
Abduction and adduction, combined with flexion and extension, are met
with in the more movable joints as in the hip, shoulder, and metacarpal joint
of the thumb, and partially in the wrist.
Circumduction is that limited degree of motion which takes place between the
head of a bone and its articular cavity, whilst the extremity and sides of the limb
are made to circumscribe a conical space, the base of which corresponds with
the inferior extremity of the limb, the apex with the articular cavity this kind
of motion is best seen in the shoulder- and hip-joints.
notation is the movement of a bone upon an axis, which is the axis of the
pivot on which the bone turns,, as in the articulation between the atlas and axis,
where the odontoid process serves as a pivot around which the atlas turns or
else is the axis of a pivot-like process which turns within a ring, as in the rotation of the radius upon the humerus.
Ligamentous Action of Muscles. The movements of the different joints 0|f a
limb are combined by means of the long muscles which pass over more than one
joint, and which, when relaxed and stretched to their greatest extent, act to a
certain extent as elastic ligaments in restraining certain movements of one joint,
except when combined with corresponding movements of the other these latter
:

;

;

;

—

—

movements being usually

Thus the shortness

in the opposite direction.

of the

hamstring muscles prevents complete flexion of the hip, unless the knee-joint
is also flexed, so as to bring their attachments nearer together.
The uses of this
arrangement are threefold, i. It co-ordinates the kinds of movement which
are the most habitual and necessary, and enables them to be performed with the
least expenditure of power.
Thus in the usual gesture of the arms, whether
in grasping or rejecting, the shoulder and the elbow are flexed simultaneously,
and simultaneously extended,' in consequence of the passage of the Biceps and
Triceps cubiti over both joints.
2. It enables the short muscles which pass over
only one joint to act upon more than one.
Thus, if the Eectus femoris remain
tonically of such length that, when stretched over the extended hip, it compels
extension of the knee, then the Gluteus maximus becomes, not only an extensor
of the hip, but an extensor of the knee as well.'
3. It provides the joints with
ligaments which, while they are of very great power in resisting movements to
an extent incompatible with the mechanism of the joint, at the same time spontaneously yield when necessary.
Taxed beyond its strength a ligament will be
ruptured, whereas a contracted muscle is easily relaxed
also, if neighbouring
joints be united by ligaments, the amount of flexion or extension of each must
remain in constant proportion to that of the other while, if the union be by
muscles, the separation of the points of attachment of those miTscles may vary
considerably in different varieties of movement, the muscles adapting themselves
tonically to the length required.'
The quotations are from a very interesting
paper by Dr. Cleland in the Journal of Anatomy and Physiology,' No. i, 1866,
by whom I believe this important fact in the mechanism of joints was
p. 85
first clearly pointed out, though it has been independently observed afterwards by
other anatomists. Dr. W. W. Keen points out how important it is that the
'

'

'

;

;

'

;

'
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surgeon should remember this Hgamentous action of muscles in making passive
If the fingers be
for instance, at the wrist after Colles' fracture.
extended, the wrist can be flexed to a right angle. If, however, they be first
flexed as in " making a fist," flexion at the wrist is quickly limited to from forty
to fifty degrees in difi^erent persons, and is very painful beyond that point.
Hence passive motion here should be made with the fingers extended. In the
Dr. Keen further points
leg, when flexing the hip, the knee should be flexed.'
out that a beautiful illustration of this is seen in the perching of birds, whose
toes are forced to clasp the perch by just such a passive ligamentous action so
soon as they stoop. Hence they can go to sleep and not fall off the perch.'
The articulations may be arranged into those of the trunk, those of the upper
extremity, and those of the lower extremity.

motion

—

'

.

-

AETICULATIONS OE THE TEUNK
These may be divided into the following groups, viz.
Of the vertebral column.
VII. Of the cartilages of the ribs with
II. Of the atlas with the axis.
the sternum, and with each
III. Of the. atlas with the occipital
other.
VIII. Of the sternum.
bone.
IX. Of the vertebral column with the
IV. Of the axis with the occipital
:

I.

bone.

pelvis.

V. Of the lower jaw.
VI. Of the ribs with the vertebrae.

I.

The

X. Of the pelvis.

Aeticulations of the Vertebeal Column

segments of the spine are connected together by ligaments,
same arrangement as the vertebrge. They may be divided
into five sets.
i. Those connecting the bodies of the vertebrae.
2. Those connecting the lainina.
4. Those
3. Those connecting the articular processes.
connecting the Sjj'i7J02/.s- jJ7'ocesses.
5. Those connecting the transverse processes.
The articulations of the bodies of the vertebrae with each other form a series
of amphiarthrodial joints
those between the articular processes form a series of
different

which admit

of the

;

arthrodial joints.
I.

Anterior

Common

The Ligaments of the Bodies
Ligament.

Posterior

Common

Ligament.

Intervertebral Substance.

The Anterior Common Ligament (figs. 263, 264, 271, 275) is a broad and
strong band of ligamentous fibres, which extends along the front surface of the
bodies of the vertebrae, from the axis to the sacrum.
It is broader below than
above, thicker in the dorsal than in the cervical or lumbar regions, and some-

what thicker opposite the front
intervertebral substance.

of the

body

of

each vertebra than opposite the
body of the axis by a

It is attached, above, to the

pointed process, where

it is continuous with the anterior atlanto-axial ligament,
connected with the tendon of insertion of the Longus colli muscle, and
extends down as far as the upper bone of the sacrum. It consists of dense
longitudinal fibres, which are intimately adherent to the intervertebral substance,
and the prominent margins of the vertebrae but less closely to the middle of
the bodies.
In the latter situation the fibres are exceedingly thick, and serve to
fill up the concavities on their front surface, and to make the anterior surface of
the spine more even.
This ligament is composed of several layers of fibres,
which vary in length, but are closely interlaced with each other. The most
superficial or longest fibres extend between four or five vertebrae.
A second
subjacent set extend between two or three vertebrae.
whilst a third set, the

and

is

;

;
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At the sides of the
shortest and deepest, extend from one vertebra to the next.
bodies the Hgament consists of a few short fibres, which pass from one vertebra
to the next, separated from the median portion by large oval apertures, for the
passage of vessels.
Posterior Common Ligament (figs. 263, 267) is situated within the spinal
and extends along the posterior surface of the bodies of the vertebrae, from
the body of the axis above, where it is continuous with the occipito-axial ligament,
It is broader above than below, and thicker in the dorsal
to the sacrum below.
than in the cervical or lumbar regions. In the situation of the intervertebral
substance and contiguous margins of the vertebrae, where the ligament is more
intimately adherent, it is broad, and presents a series of dentations with intervening concave margins but it is narrow and thick over the centre of the bodies,
from which it is separated by the vencB basis vertebrce. This ligament is composed of smooth, shining, longitudinal fibres, denser and more compact than
those of the anterior ligament, and composed of a superficial layer occupying

The

canal,

;

—Vertical section of two vertebrae and their ligaments, from

Fig. 263.^

lumbar
Anterior co
lig

i

e

o

tlie

region.

Posteyior
CO n on
i

t

the interval between three or four vertebrae, and of a deeper layer w^hich extends
between one vertebra and the next adjacent to it. It is separated from the dura
mater of the spinal cord by some loose connective tissue which is very liable to
serous infiltration.

The Intervertebral Substance (figs. 263, 272) is a lenticular disc of composite
structure interposed between the adjacent surfaces of the bodies of the vertebrae,
from the axis to the sacrum, and forming the chief bond of connection between
these bones.
The discs vary in shape, size, and thickness, in different parts of
the spine. In shape they accurately correspond with the surfaces of the bodies
between which they are placed, being oval in the cervical and lumbar regions,
and circular in the dorsal. Their size is greatest in the lumbar region. In
thickness they vary not only in the different regions of the spine, but in different
parts of the same disc thus, they are much thicker in front than behind in the
cervical and lumbar regions, while they are uniformly thick in the dorsal region.
:

The

intervertebral discs form about one-fourth of the spinal column, exclusive

of the first

two vertebrae

;

they are not equally distributed, however, between

;
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the various bones the dorsal portion of the spine having, in proportion to its
much smaller quantity than the cervical and lumbar regions, which
;

length, a

movement.
by their surfaces, to a thin layer of hyaline
cartilage which covers the upper and under surfaces of the bodies of the vertebrae,
and in which in early life the epiphysial plate develops and by their circumference
are closely connected in front to the anterior, and behind to the posterior common
ligament whilst in the dorsal region they are connected laterally, by means of
the interarticu-lar ligament, to the heads of those ribs which articulate with two
they, consequently, form part of the articular cavities in which the
vertebrae
heads of these bones are received.
necessarily gives to the latter parts greater pliancy and freedom of

The

intervertebral discs are adherent,

;

;

:

—

Structure of the Intervertebral Substance.
The intervertebral substance is
at its circumference, of laminae of fibrous tissue and fibro-cartilage
and, at its centre, of a soft, pulpy, highly elastic substance, of a yellowish colour,

composed,

which

rises

up considerably above the surrounding level when the disc is divided
This pulpy substance, which is especially well developed in the

horizontally.

lumbar region,

is the remains of the chorda dorsalis, and, according to Luschka,
contains a small synovial cavity in its centre.
The laminae are arranged con-

centrically one within the other, the outermost consisting of ordinary fibrous

but the others and more numerous consisting of white fibro-cartilage.
These plates are not quite vertical in their direction, those near the circumference
being curved outwards and closely approximated
whilst those nearest the
centre curve in the opposite direction, and are somewhat more widely separated.
The fibres of which each plate is composed are directed, for the most part,
obliquely from above downwards
the fibres of adjacent plates passing in opposite
directions and varying in every layer
so that the fibres of one layer are directed
across those of another, like the limbs of the letter X.
This laminar arrangement
belongs to about the outer half of each disc.
The pulpy substance presents no
concentric arrangement, and consists of a fine fibrous matrix, containing a.ngular
cells, united to form a reticular structure.
tissue,

;

;

:

2.

Ligaments connecting the Laminae
Ligamenta Subflava.

The Ligamenta Subflava
from the axis

vertebras,

(fig.

to the

263) are interposed between the laminae of the
They are most distinct when seen from

sacrum.

when viewed from the outer surface they appear
overlapped by the laminae. Each ligament consists of two lateral
portions, which commence on each side at the root of either articular process,
and pass backwards to the point where the laminae converge to form the spinous
slight
process, where their margins are in contact and to a certain extent united
These ligaments consist of
intervals being left for the passage of small vessels.
yellow elastic tissue, the fibres of which, almost perpendicular in direction, are
attached to the anterior surface of the lamina above, some distance from its
inferior margin, and to the posterior surface, as well as to the margin of the
lamina below. In the cervical region they are thin in texture, but very broad
and long they become thicker in the dorsal region and in the lumbar acquire
very considerable thickness. Their highly elastic property serves to preserve
the upright posture, and to assist the spine in resu^ming it, after it has been flexed.
These ligaments do not exist between the occiput and atlas, or between the atlas
the interior of the spinal canal

:

short, being

;

;

and

;

axis.
3.

Ligaments connecting the Abticulae Pbocesses
Capsu-lar.

The Capsular Ligaments
to the

(fig. 265) are thin and loose ligamentous sacs, attached
contiguous margins of the articulating processes of each vertebra, through
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the greater part of their circumference, and completed internally by the ligamenta
subflava.
They are longer and looser in the cervical than in the dorsal or lumbar
regions.
The capsular ligaments are lined on their inner surface by synovial

membrane.
Ligaments connecting the Spinous Processes

4.

Supraspinous.

Interspinous.

The Supraspinous Ligament (fig. 263) is a strong fibrous cord, which connects
together the apices of the spinous processes from the seventh cervical to the
spinous processes of the sacrum. It is thicker and broader in the lumbar than
in

and intimately blended,
The most superficial

the dorsal region,

neighbouring aponeurosis.

in

both situations, with the
ligament connect

fibres of this

three or four vertebrae those deeper-seated pass between two or three vertebrge
whilst the deepest connect the contiguous extremities of neighbouring vertebrae.
It is continued upwards to the external occipital protuberance, as the ligamentum
;

nuchae, which, in the

human

;

subject,

is

thin,

and forms merely an intermuscular

septum.

The Interspinous Ligaments (fig. 263), thin and membranous, are interposed
between the spinous processes. These ligaments extend from the root to the
summit of each spinous process, and are connected with the ligamenta subflava
They are narrow and
in front and the supraspinous ligament behind.
elongated in the dorsal region broader, quadrilateral in form, and thicker in the
lumbar region and only slightly developed in the neck.
;

;

c..

Ligaments connecting the Transverse Processes
Intertransverse.

The Intertransverse Ligaments consist of bundles of fibres, interposed between
the transverse processes.
In the cervical region they consist of a few irregular,
scattered fibres
in the dorsal, they are rounded cords intimately connected
with the deep muscles of the back
in the lumbar region they are thin and
;

;

membranous.

—

Actions. -The movements permitted in the spinal column are, Flexion,
Extension, Lateral Movement, Circumduction, and Rotation.
In Flexion, or movement of the spine forwards, the anterior common ligament
is relaxed, and the intervertebral substances are compressed in front
while the
posterior common ligament, the ligamenta subflava, and the inter- and supraspinous ligaments are stretched, as well as the posterior fibres of the intervertebral
discs.
The interspaces between the laminae are widened, and the inferior articular
processes of the vertebrae above glide upwards, upon the articular processes of
the vertebrae below. Flexion is the most extensive of all the movements of the
;

spine.

In Extension, or movement of the spine backwards, an exactly opposite disposition of the parts takes place.
This movement is not extensive, being limited
by the anterior common ligament, and by the approximation of the spinous
processes.

Flexion and extension are most free in the lower part of the lumbar region
between the third and fourth and fourth and fifth lumbar vertebrae above the
third they are much diminished, and reach their minimum in the middle and
upper part of the back. They increase again in the neck, the capability of motion
backwards from the upright position being in this region greater than that of
the motion forwards, whereas in the lumbar region the reverse is the case.
In Lateral Movement, the sides of the intervertebral discs are compressed,
the extent of motion being limited by the resistance offered by the surrounding
ligaments, and by the approximation of the transverse processes. This movement
may take place in any part of the spine, but is most free in the neck and loins.
;

OP THE ATLAS WITH THE AXIS
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produced merely by a succession

of the

preceding movements.
Botation is produced by the twisting of the intervertebral substances this,
although only slight between any two vertebrae, produces a great extent of movement, when it takes place in the whole length of the spine, the front of the
upper part of the column being turned to one or the other side. This movement takes place only to a slight extent in the neck, but is freer in the upper part
of the dorsal region, and is altogether absent in the lumbar region.
It is thus seen that the cervical region enjoys the greatest extent of each
In the
variety of movement, flexion and extension especially being very free.
dorsal region, the three movements of flexion, extension, and circumduction are
only permitted to a slight extent while rotation is very free in the upper part
;

;

and ceases below. In the lumbar region there is free flexion, extension, and
lateral movement, but no rotation.
As Sir George Humphry has pointed out, the movements permitted are mainly
due to the shape and position of the articulating processes. In the loins the
inferior articulating processes are turned outwards and embraced by the superior
;

renders rotation in this region of the spine impossible, while there is
nothing to prevent a sliding upwards and downwards of the surfaces on each
other so as to allow of flexion and extension.
In the dorsal region, on the other
hand, the articulating processes, by their direction and mutual adaptation,
especially at the upper part of the series, permit of rotation, but prevent extension and flexion
while in the cervical region the greater obliquity and
lateral slant of the articular processes allow not only flexion and extension, but

this

;

also rotation.

The

which produce flexion are the Sterno-mastoid, Eectus
and Longus colli the Scaleni the abdominal muscles
and the Psoas magnus. Extension is produced by the fourth layer of the
muscles of the back, assisted in the neck by the Splenius, Semispinalis
dorsi et colli, and the Multifidus spinge.
Lateral motion is produced by the
fourth layer of the muscles of the back, by the Splenius and the Scaleni, the
muscles of one side only acting and rotation by the action of the following
principal muscles

capitus anticus major,

;

;

;

muscles of one side only,

the Sterno-mastoid, the Rectus capitus anticus
major, the Scaleni, the Multifidus spinae, the Complexus, and the abdominal
muscles.

Articulation of the Atlas with the Axis

II.

The

viz.

is of a complicated nature, comThere is a pivot articulation between
the odontoid process of the axis and the ring formed between the anterior arch
of the atlas and the transverse ligament (see fig. 266).
Here there are two joints
one in front between the posterior surface of the anterior arch of the atlas and

prising

articulation of the Atlas with the Axis

no fewer than four

distinct joints.

:

the front of the odontoid process (the atlo-odontoid joint of Cruveilhier) the other
between the anterior surface of the transverse ligament and the back of the
process (the syndesmo-odontoid joint). Between the articulating processes of the
;

two bones there is a double arthrodia or gliding
connect these bones are the

Two

Anterior Atlanto-axial.
Posterior Atlanto-axial.

joint.

The ligaments which

Transverse.
Two Capsular.

Of the Two Anterior Atlanto-axial Ligaments (fig. 264), the more superficial
a rounded cord, situated in the middle line
it is attached, above, to the
tubercle on the anterior arch of the atlas
below, to the base of the odontoid
process and to the front of the body of the axis.
The deeper ligament
is a membranous layer, attached, above, to the lower border of the anterior
arch of the atlas below, to the base of the odontoid process, and front of the
is

;

;

;
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of the axis.
These ligaments are in relation, in front, with the Eecti antici
majores.
The Posterior Atlanto-axial Ligament (fig. 265) is a broad and thin membranous
layer, attached, above, to the lower border of the posterior arch of the atlas
This hgament supphes
below, to the upper edge of the laminae of the axis.
the place of the ligamenta subflava, and is in relation, behind, with the Inferior

body

;

oblique muscles.

The Transverse Ligament* (figs. 266, 267) is a thick and strong hgamentous
band, which arches across the ring of the atlas, and serves to retain the odontoid
process in firm connection with its anterior arch. This ligament is flattened from
before backwards, broader and thicker in the middle than at either extremity,
and firmly attached on each side to a small tubercle on the inner surface of the
lateral mass of the atlas.
As it crosses the odontoid process, a small fasciculus
is derived from its upper and lower borders
the former passing upwards, to be
;

Fig. 264.

— Occipito-atloid and atlo-axoid ligaments.

Front view.

—
!1I^-.

,

J

Capsular

liga-

onent afid
synovial mem-

hrane

and synovial
membrane

the latter, downwards, to
be attached to the posterior surface of the bod}^ of the axis hence, the whole
ligament has received the name of cruciform. The transverse ligament divides
of these, the posterior and larger
the ring of the atlas into two unequal parts
serves for the transmission of the cord and its membranes and the spinal
accessory nerves the anterior and smaller contains the odontoid process. Since
the space betw^een the anterior arch of the atlas and the transverse ligament is smaller at the lower part than the upper (because the transverse ligament
embraces firmly the narrow neck of the odontoid process), this process is retained in firm connection with the atlas after all the other ligaments have been
inserted into the basilar process of the occipital bone

;

;

:

;

divided.

The Capsular Ligaments
and inner part

two thin and loose capsules, connecting the
and axis, the fibres being strongest on the posterior

are

articular processes of the atlas

of the articulation.

has been found necessary to describe the transverse ligament with those of the
but the student must remember that it is really a portion of the mechanism
atlas and axis
by which the movements of the head on the spine are regulated so that the connections
between the atlas and axis ought always to be studied together with those between the
latter bones and the skull.
* It

;

;
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There are four Synovial Membranes in this articulation one lining the inner
one between the anterior surface of
surface of each of the capsular ligaments
the odontoid x^rocess and the anterior arch of the atlas, the atlo-odontoid joint
:

;

;

odontoid process and the transverse
The latter often communicates with
ligament, the syndesmo-odontoid joint.
those between the condyles of the occipital bone and the articular surfaces of the

and one between the posterior surface

atlas.

of the

—

This joint allows the rotation of the atlas (and, with it, of the
Actions.
cranium) upon the axis, the extent of rotation being limited by the odontoid
ligaments.
The principal muscles

by which

this

action

is

produced are the Sterno-

mastoid and Complexus of one side, acting with the Eectus capitis anticus major,
Splenius, Trachelo-mastoid, Eectus capitus posticus major, and Inferior oblique
of the

other side.
Fig. 265.

— Occipito-atloid and atlo-axoid ligaments.

Posterior view.

Occipiial Boni'

.

.

Ardi for passage of
vertebral artery
and 1st cervical

i\

ARTICULATIONS OF THE SpINE WITH THE CrANIUM

The ligaments connecting the spine with the cranium may be divided into two
those connecting the occipital bone with the atlas, and those connecting the

sets,

occipital

bone with the

axis.

III. x\e,TICULATION

This articulation

Two

is

of the x\tLAS WITH THE OcCIPITAL BoNE

a double condyloid joint.

Anterior Occipito-atlantal.
Posterior Occipito-atlantal.

Its

Two
Two

ligaments

are, the

Lateral Occipito-atlantal.
Capsular.

Two

Anterior Occipito-atlantal Ligaments (fig. 264) the superficial is
rounded cord, attached, above, to the basilar process of the
occiput; below, to the tubercle on the anterior arch of the atlas
the deeper
ligament is a broad and thin membranous layer which passes between the
anterior margin of the foramen magnum above, and the wliole lengtli of

Of the

a strong, narrow,

:
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the upper border of the anterior arch of the atlas
in relation, in front, with the Eecti antici

minores

;

below.
This ligament is
behind, with the odontoid

ligaments.
The Posterior Occipito-atlantal Ligament (fig. 265) is a very broad but thin
membranous lamina, intimately blended with the dura mater. It is connected,
above, to the posterior margin of the foramen magnum below, to the upper border
;

This ligament is incomplete at each side, and
forms, with the superior intervertebral notch, an opening for the passage of the
It is in relation, behind, with the Recti
vertebral artery and suboccipital nerve.
in front, with the dura mater of the spinal
postici minores and Obliqui superiores
of the posterior

arch of the

atlas.

;

canal, to

which

it is

intimately adherent.

The Lateral Lig-aments are strong fibrous bands, directed obliquely upwards
and inwards, attached above to the jugular process of the occipital bone below,
;

to the base of the transverse process of the atlas.

The Capsular Ligaments surround the condyles of the occipital bone, and
connect them with the articular processes of the atlas they consist of thin and
loose capsules, which enclose the synovial membrane of the articulation.
;

—

Synovial Membranes. There are two synovial membranes in this articulaone lining the inner surface of each of the capsular ligaments. These

tion

:

Fig. 266.

— Articulation between odontoid process and

atlas.

communicate with that between the posterior surface of the odontoid
process and the transverse ligament.
Actions.
The movements permitted in this joint are flexion and extension,
which give rise to the ordinary forward and backward nodding of the head, besides
slight lateral motion to one or the other side.
When either of these actions is
carried beyond a slight extent, the whole of the cervical portion of the spine assists
in its production.
Flexion is mainly produced by the action of the Rectus capitis
anticus major et minor and the Sterno-mastoid muscles
extension by the Rectus
capitis posticus major et minor, the Superior oblique, the Complexus, Splenius,
occasionally

—

;

and upper fibres of the Trapezius. The Eecti laterales are concerned in the
movement, assisted by the Trapezius, Splenius, Complexus, Sterno-mastoid
and the Recti laterales of the same side, all acting together. According to
Cruveilhier, there is a slight motion of rotation in this joint.

lateral

IV. Aeticulation of the Axis with the Occipital
Occipito-axial.

Bone

Three Odontoid

To expose these ligaments, the spinal canal should be laid open by removing
the posterior arch of the atlas, the laminas and spinous process of the axis, and
the portion of the occipital bone behind the foramen magnum, as seen in fig. 267.
The Occipito-axial Ligament {apparatus ligamentosus colli) is situated within
the spinal canal. It is a broad and strong ligamentous band which covers the

OF THE AXIS WITH THE OCCIPITAL BONE
odontoid process and

its
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upwards

ligaments, and appears to be a prolongation

of

the posterior common ligament of the spine. It is attached, below, to the posterior
surface of the body of the axis, and, becoming expanded as it ascends, is in-

foramen

serted into the basilar groove of the occipital bone, in front of the

magnum, where
Relations.

it

—By

becomes blended with the dura mater
its

surface with

anterior

of the skull.

the transverse

ligament, by

its

posterior surface with the dura mater.

The Odontoid or Check Ligaments '{alar ligaments) are strong, rounded,
which arise one on either side of the upper part of the odontoid
process, and, passing obliquely upwards and outwards, are inserted into the
fibrous cords,

rough depressions on the inner side of the condyles of the occipital bone. In the
triangular interval left between these ligaments another strong fibrous cord
[ligamentum suspensorium or middle odontoid ligament) may be seen, which

—

Occipito-axoid and atlo-axoid ligaments. Posterior view, obtained by
removing the arches of the vertebrae and the posterior part of the skull.

Fig. 267.

Occi^nto- dlantal

(

Ca/psular ligamen
^'"^ synovial

\

membrane

itlanto-

axial

(
I

Clapsidar ligament
'^"'^ synovial

membrane

passes almost perpendicularly from the apex of the odontoid process to the
anterior margin of the foramen magnum, being intimately blended with the
deep portion of the anterior occipito-atloid ligament, and upper fasciculus of the
transverse ligament of the atlas.
Actions.— The odontoid ligaments serve to limit the extent to which rotation
of the cranium may be carried
hence they have received the name of check
;

ligaments.

In addition to these ligaments which connect the atlas and axis to the skull,
the ligamentum nuchse must be regarded as one of the ligaments by which the
spine is connected with the cranium.
It is described on a subsequent page.

—

Surgical Anatomy. -The ligaments which unite the component parts of the vertebrte
together are so strong, and these bones are so interlocked by the arrangement of their
articulating processes, that dislocation is very uncommon, and, indeed, unless accompanied
by fracture, rarely occurs, except in the upper part of the neck. Dislocation of the occiput
from the atlas has only been recorded in one or two cases but dislocation of the atlas
from the axis, with rupture of the transverse ligament, is much more common it is the
;

:

—
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In tlie lower
in which death is produced in many cases of execution by hanging.
part of tlie neck tliai is, below the third cervical vertebra dislocation unattended by
fracture occasionally takes place.

mode

—

—

V. Articulation op the

This

is

Lowee Jaw (Tempoeo-maxillary)

a ginglymo-arthrodial joint

;

the

parts

entering into

its

forma-

on each side are, above, the anterior part of the glenoid cavity
temporal bone and the eminentia articularis and, below, the condyle

of the

tion

of the

;

lower jaw.

The ligaments

are the following

External Lateral.

:

Stylo-maxillary.

Capsular.
Internal Lateral.
Interarticular Fibro-cartilage.

The External Lateral Ligament (fig. 268) is a short, thin, and narrow fasciculus attached, above, to the outer surface of the zygoma and to the tubercle on
Fig. 268.

— Temporo-maxillary

articulation.

External view.

below, to the outer surface and posterior border of the neck of
is broader above than below; its fibres are placed parallel
with one another, and directed obliquely downwards and backwards. ExterInternally, it
nally, it is covered by the parotid gland, and by the integument.
is in relation with the capsular ligament of which it is an accessory band, and
its

lower border

the lower jaw.

;

It

not separable from it.
The Internal Lateral Ligament (fig. 269) is a flat thin band which is attached
above to the spinous process of the sphenoid bone, and, becoming broader as it
descends, is inserted into the lingula and margin of the dental foramen. Its
outer surface is in relation, above, with the External pterygoid muscle
lower
down, it is separated from the neck of the condyle by the internal maxillary
artery
and still more inferiorly, the inferior dental vessels and nerve separate
it from the ramus of the jaw.
The inner surface is in relation with the Internal
pterygoid.
It is really the fibrous covering of a part of Meckel's cartilage (see
;

;

P- 93)-
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The Stylo-maxillary Ligament is a specialised band of the cervical fascia,
which extends from near the apex of the styloid process of the temporal bone to
the angle and posterior border of the ramus of the lower jaw, between the
Masseter and Internal pterygoid
muscles. This ligament sepaparotid from the
rates the
submaxillary gland, and has
attached to its inner side part
of

Fig. 269.

— Temporo-maxillai-y articulation.
Internal view.

the fibres of origin of the

Stylo-glossus muscle. Although

usually classed

ments

among

the liga-

can only
be considered as an accessory
of the

jaw,

it

to the articulation.

The Capsular Ligament forms
and loose ligamentous

a thin

capsule, attached above to the

circumference
cavity

and the

of

the

glenoid

articular surface

immediately in front below, to
the neck of the condyle of the
lower jaw. It consists of a few
thin scattered fibres, and can
hardly be considered as a distinct ligament; it is thickest
at the back part of tlie articula;

tion.*

The Interarticular Fibro-cartilage (fig. 270) is a thin plate of an oval form,
placed horizontally between the condyle of the jaw and the glenoid cavity. Its
upper surface is concavo-convex from before backwards, and a little convex
transversely, to accommodate itself to the form of the glenoid cavity.
Its under
surface, where it is in contact with the condyle, is concave.
Its circumference
and in front to the tendon of the External
is connected to the capsular ligament
pterygoid muscle.
It is thicker
at its circumference, especially
Fig. 270. Vertical section of temporoiiiaxillary articulation.
behind, than at its centre.
The
;

—

which

it is composed have
arrangement, more
apparent at the circumference than

fibres of

a

at

concentric
the

smooth.

centre.

Its

surfaces are

It divides the joint into

two cavities, each of which is furnished with a separate synovial

membrane.
The Synovial Membranes, two
in number, are placed one above,
and the other below, the fibrocartilage.
The upper one, the
larger and looser of the two, is
continued from the margin of the cartilage covering the glenoid cavity and
eminentia articularis on to the upper surface of the fibro-cartilage.
The lower
one passes from the under surface of the fibro-cartilage to the neck of the condyle of the jaw, being prolonged downwards a little further behind than in front.
'

Sir G. Humphry describes the internal portion of the capsular ligament separately, as
the short internal lateral ligament and it certainly seems as deserving of a separate
description as the external lateral ligament is.
;

Y
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The

cartilage

interarticular

is

sometimes perforated

in

its

centre, the

two

synovial sacs then communicate with each other.
The nerves of this joint are derived from the auriculo-temporal and masseteric
branches of the inferior maxillary. The arteries are derived from the temporal
branch of the external carotid.
The movements permitted in this articulation are very extensive.
Actions.
Thus, the jaw may be depressed or elevated, or it may be carried forwards or back-

—

wards.

It

must be borne

— that

in

mind

that there are two distinct joints in this articu-

one between the condyle of the jaw and the interarticular
fibro-cartilage, and another between the fibro-cartilage and the glenoid fossa when
the jaw is depressed, as in opening the mouth, the movements which take place
In the lower compartment, that between
in these two joints are not the same.
the condyle and the fibro-cartilage, the movement is of a ginglymoid or hingelike character, the condyle rotating on a transverse axis on the fibro-cartilage
whilst in the upper compartment the movement is of a gliding character, the
fibro-cartilage, together with the condyle, gliding forwards on to the eminentia
articularis.
These two movements take place simultaneously, the condyle and
fibro-cartilage move forwards on the eminence, and at the same time the conIn the opposite movement of shutting the
dyle revolves on the fibro-cartilage.
lation

is to

say,

;

;

mouth the reverse action takes place the fibro-cartilage glides back, carrying
the condyle with it, and this at the same time revolves back to its former position.
When the jaw is carried horizontally forwards, as in protruding the low^er
incisors in front of the upper, the movement takes place principally in the upper
;

compartment of the joint, the fibro-cartilage, carrying with it the condyle, glides
forwards on the glenoid fossa. This is because this movement is mainly effected
by the External pterygoid muscles, which are inserted into both condyle and
interarticular fibro-cartilage.
The grinding or chewing movement is produced
by the alternate movement of one condyle, with its fibro-cartilage, forwards
and backwards, w4iile the other condyle moves simultaneously in the opposite
direction
at the same time the condyle undergoes a vertical rotation on its
own axis on the fibro-cartilage in the lower compartment. One condyle
advances and rotates, the other condyle recedes and rotates, in alternate suc;

cession.

The lower jaw

depressed by its own weight, assisted by the Platysma, the
and the Genio-hyoid. It is elevated by the anterior
part of the Temporal, Masseter, and Internal pterygoid.
It is drawn fortvards
by the simultaneous action of the External pterygoid, and the superficial fibres
is

Digastric, the Mylo-hyoid,

Masseter and it is drawn bachoards by the deep fibres of the Masseter
and the posterior fibres of the Temporal muscle. The grinding movement is
caused by the alternate action of the two External pterygoids.
of the

;

—

Surface Form. The teraporo-maxillary articulation is quite superficial, situated below
the base of the zygoma, in front of the tragus and external auditory meatus, and behind
the posterior border of the upper part of the Masseter muscle. Its exact position can be
at once ascertained by feeling for the condyle of the jaw, the working of which can be
distinctly felt in the movements of the lower jaw in opening and shutting the mouth.
When the mouth is opened wide, the condyle advances out of the glenoid fossa on to the
eminentia articularis and a depression is felt in the situation of the joint.
Surgical Anatomy. The lower jaw is dislocated onlj in one direction viz. forwards.
The accident is caused by violence or muscular action. AYhen the mouth is open, the
condyle is situated on the eminentia articularis, and any sudden violence, or even a sudden
musciilar spasm as during a convulsive yawn, may displace the condyle forwards into the
zygomatic fossa. The displacement may be unilateral or bilateral, according as one or
both of the condyles are displaced. The latter of the two is the more common.
Sir Astley Cooper described a condition which he termed
It occurs
subluxation.'
principally in delicate women, and is believed by some to be due to relaxation of the ligaments,
permitting too free movement of the bone, and possibly some displacement of the fibrocartilage.
Others have believed that it is due to gouty or rheumatic changes in the joint.
In close relation to the condyle of the jaw is the external auditory meatus and the tympanum any force, therefore, apphed to the bone is liable to be attended with damage to
these parts, or inflammation in the joint may extend to the ear, or on the other hand

—

—

'

;

—
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inflammation of the middle ear may involve the articulation and canse its destruction, thns
leading to ankylosis of the joint. In children, arthritis of this joint may also follow the
exanthemata, and in adnlts occurs as the result of some constitutional conditions, as rheumatism or gout. The temporo-maxillary joint is also frequently the seat of osteo-arthritis,
leading to great suffering dui'ing eiforts of mastication. A peculiar affection sometimes
attacks the neck and condyle of the lower jaw, consisting in hypertrophy and elongation
of these parts and consequent protrusion of the chin to the opposite side.

VI. Aeticulations of the Eibs with the

Veetebe^

column may be divided into
Those which connect the heads of the ribs with the bodies of the
2. Those which connect the necks and tubercles of the
vertebras {costo- central).

The

articulations of the ribs with the vertebral

two

sets

ribs

with the transverse processes (costo-transverse).
I.

i.

:

Aeticulations between the Heads of the Eibs and the Bodies
OF the

Veetebe^

(fig.

271)

These constitute a series of arthrodial joints, formed by the articulation of the
heads of the ribs with the cavities on the contiguous margins of the bodies of the
dorsal vertebrae and t he intervertebral substance between them, except in the
case of the first, tenth, eleventh, and twelfth ribs, where the cavity is formed by
The bones are connected by the following ligaments
a single vertebra.
:

Anterior Costo-vertebral or Stellate.
Capsular.

Interarticular.

or Stellate Ligament connects the anterior
with the sides of the bodies of two vertebrge, and
It consists of flat bundles of ligabetween them.

The Anterior Costo-vertebral
part of the

the

head

of

intervertebral

mentous

fibres,

each
disc

rib

which are

attached to the anterior Fig. 271.
part of the head of the rib.
just beyond the articular
The superior
surface.

—"Costo-vertebral and costo-transverse articulations,
Anterior view,

pass upwards to
connected with the
body of
the
vertebra
above
the inferior ones
descend to the body of
the vertebra below
and
the
middle
ones,
the
fibres

be

;

;

smallest

and

least distinct,

pass
horizontally
inwards, to be attached to
the
intervertebral
substance.

Belations.

— In

front,

with the thoracic ganglia
of the sympathetic, the
pleura, and, on the right
side, with the vena azygos
major
behind, with the
interarticular ligament and
;

Ippei mnovial
cavity

Interarticular ligament
Lower synovial cavity

synovial membranes.
In the first rib, which articulates with a single vertebra, this ligament does
not present a distinct division into three fasciculi its fibres, however, radiate,

and are attached

to the

body

of the last cervical vertebra, as well as to the

body

—

;
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with which the rib articulates. In the tenth, eleventh, and twelfth
articulate with a single vertebra, the division does not exist
but the fibres of the ligament in each case radiate and are connected with the
vertebra above, as well as that wdth which the ribs articulate.
The Capsular Lig'ament is a thin and loose ligamentous bag, which surrounds
the joint between the head of the rib and the articular cavity formed by the
intervertebral disc and the adjacent vertebrae.
It is very thin, firmly connected
with the anterior ligament, and most distinct at the upper and lower parts of the
articulation.
Behind, some of its fibres pass through the intervertebral foramen
to the back of the intervertebral disc.
This is the analogue of the ligamentum
conjugale of some mammals, which unites the heads of opposite ribs across the
back of the intervertebral disc.
The Interarticular Ligament is situated in the interior of the joint. It consists of a short band of fibres, flattened from above downwards, attached by one
extremit}- to the sharp crest which separates the two articular facets on the head
of the vertebra

ribs,

which also

Fig. 272.

— Costo-transverse

Anterior costo-tiaiibve?
licjament divided

articulation.

Seen from above.

\e

Middle costo-transverse
or interosseous
Posterior castatransverse ligament

^^ J^
-^^^'^

and by the other to the intervertebral disc. It divides the joint into
which have no communication with each other. In the first, tenth,
eleventh, and twelfth ribs, the interarticular ligament does not exist consequently,
there is but one synovial membrane.
The Synovial Membrane. There are two synovial membranes in each of the
articulations in which there is an interarticular ligament, one on each side of
of the rib,

two

cavities,

;

—

this structure.
2.

Articulations of the Necks and Tubekcles of the Eibs with
THE TeANSVEESE PeOCESSES (fig. 272)

The

articular portion of the tubercle of the rib

form an arthrodial joint.
In the elevefitJi and tivelfth

and adjacent transverse process

ribs this articulation is w^anting.

The ligaments connecting these parts

are the

Anterior Costo-transverse.
Middle Costo-transverse (Interosseous).
Posterior Costo-transverse.
Capsular.

OF THE EIBS AVITH TEANSVEESE PEOCBSSES
The Anterior Costo-transverse Ligament

{superior or long) consists of

325

two

sets

attached below to the sharp crest on the upper
border of the neck of each rib, and passes obliquely upwards and outwards, to
the other
the lower border of the transverse process immediately above
(posterior) is attached below to the neck of the rib, and passes upwards and
inwards to the base of the transverse process and outer border of the lower
This ligament is in relation, in front,
articular process of the vertebra above.
behind, with the Longissimus dorsi.
with the intercostal vessels and nerves
Its internal border is thickened and free, and bounds an aperture through which
pass the posterior branches of the intercostal vessels and nerves. Its external
harder is continuous with a thin aponeurosis, which covers the External interof fibres

the one (anterior)

:

is

;

;

costal muscle.

The first rib has no anterior costo-transverse ligament.
The Middle Costo-transverse or Interosseous Ligament consists of short but
strong fibres, which pass between the rough surface on the posterior part of the
neck of each rib and the anterior surface of the adjacent transverse process.
In order fuHy to expose this
ligament a horizontal section
should be made across the
and corretransverse process
^
>
X.
of the rib

spondmg part

;

or

the rib

may be

rated

from the transverse
and its fibres put on

forcibly sepa-

.

Fig. 273.— Diagrams showing the axis of rotation of
the ribs in the movements of respiration. The
rotation corresponds with a line drawn
^^^
^^f the
«f two articulations which the nb forms
through
^^^^h the spine (a, h), and the other with a line
drawn from the head of the rib to the sternum
(a, b).
(From Kirke's Handbook of Physiology.')
'

process,

the stretch.

In

the

eleventh

and

ligament is
quite rudimentary or w^anttioelfth ribs this

ing.

The Posterior Costo-transverse Ligament is a short but
thick and strong fasciculus,

which passes obliquely from
the summit of the transverse
process to the rough nonthe
of
This
the rib.
shorter and more

portion

articular

tubercle

of

ligament

is

oblique in the upper than in
the lower ribs. Those corre-

sponding to the superior ribs
ascend, while those of the
inferior ribs descend slightly.
Inih-Q, eleventh

and

tivelfth

ligament is wanting.
The Capsular Ligament

ribs this

a thin, membranous sac
attached to the circumference
of the articular surfaces, and
enclosing a' small synovial

is

membrane.
In

the

eleventh

and

twelfth ribs this ligament is

absent.

— The heads of

the ribs are so closely connected to the bodies of the
interarticular ligaments, and the necks and tubercles
of the ribs to the transverse processes, that only a slight gliding movement of
Actions.

vertebrae

by the

stellate

and

-
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the articular surfaces on each other can take place in these articulations. The
result of this gliding movement is an elevation of the front and middle portion of
the rib, the hinder part being prevented from performing any up war d movement
by its close connection with the spine. In this gliding movement there are two
axes of rotation that is to say, the rib rotates on an axis corresponding with a

—

drawn through the two articulations, Costo-central and Costo-transverse,
which the rib forms with the spine and secondly, it rotates on an axis corresponding with a line drawn from the head of the rib to the sternum. By the
that of rotation of the rib on an axis corresponding with a line
first movement
drawn through the two articulations which this bone forms vnth the spine an
elevation of the anterior part of the rib takes place, and a consequent enlargement of the antero-posterior diameter of the chest. None of the ribs lie in a
they are all directed more or less obliquely, so that their
truly horizontal plane
anterior extremities lie on a lower level than their posterior, and this obliquity
If we examine
increases from the first to the seventh, and then again decreases.
any one rib say, that in which there is the greatest obliquity we shall see that
it is_ obvious that as its sternal extremity is carried upwards, it must also be
thrown forwards so that the rib may be regarded as a radius, moving on the
vertebral joint as a centre, and causing the sternal attachment to describe an
line

;

—

—

:

—

—

;

arc of a circle in the vertical plane of the body.

Since

the ribs are oblique

all

and connected in front to the sternum by the elastic costal cartilages, they must
have a tendency to thrust the sternum forwards, and so increase the antero-

—

By the second movement that of the rotation
on an axis corresponding w^ith a line drawn from the head of the' rib to
the sternum an elevation of the middle portion of the rib takes place, and
consequently an increase in the transverse diameter of the chest. For the ribs
not only slant downwards and forwards from their vertebral attachment, but
they are also oblique in relation to their transverse plane that is to say, their
middle is on a lower level than either their vertebral or sternal extremities.
It results from this that when the ribs are raised, the centre portion is thrust
outwards, somewhat after the fashion in which the handle of a bucket is thrust away
from the side when raised to a horizontal position, and the lateral diameter of the

posterior diameter of the chest.
of the rib

—

—

chest

is

increased (see

fig.

The mobility

273).

of the different ribs varies

very

much. The first rib is more fixed than the others, on account of the weight of
but on the freshly
the upper extremity and the strain of the ribs beneath
Prom the same causes the
dissected thorax it moves as freely as the others.
;

movement

In the other ribs, this
of the second rib is also not very extensive.
mobility increases successively down to the last two, which are very movable.
The ribs are generally more movable in the female than in the male.
VII. Articulation of the Cartilages of the Eibs with the
Steknum, etc. (fig. 274)

The articulations of the cartilages of the true ribs with the sternum are
arthrodial joints, with the exception of the first, in which the cartilage is almost
always directly united wath the sternum, and which must, therefore, be regarded
as a synarthrodial articulation.

The ligaments connecting them

Anterior Chondro-sternal.
Posterior Chondro-sternal.
Capsular.

are

—

Interarticular .Chondro-sternal.
Anterior Chondro-xiphoid.
Posterior Chondro-xiphoid.

The Anterior Cliondro-sternal Ligament is a broad and thin membranous band
that radiates from the front of the inner extremity of the cartilages of the true
ribs to the anterior surface of the sternum.
It is composed of fasciculi which
pass in different directions. The superior fasciculi ascend obliquely, the inferior
pass obliquely downwards, and the middle fasciculi horizontally.
The superficial
fibres of this

ligament are the longest

;

they intermingle with the fibres of the
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ligaments above and below them, with those of the opposite side, and with the
tendinous fibres of origin of the Pectoralis major, forming a thick fibrous memThis is more distinct at the
brane, which covers the surface of the sternum.
lower than at the upper part.
The Posterior Chondro-sternal Ligament, less thick and distinct than the
anterior, is composed of fibres which radiate from the posterior surface of the
Fig. 274.

— Chondro-sterna], chondro-xiphoid. and interchondral articulations.
Anterior view.

The synovial cavities exposed by
a vertical section of the sternum and cartilage
Cartilage continuous ivith

sternum

Interarticiilar ligament
tivo

and

synovial membranes

Single synovial

membrane

end of the cartilages of the true ribs to the posterior surface of the
sternum, becoming blended with the periosteum.
The Capsular Ligament surrounds the joints formed between the cartilages
of the true ribs and the sternum.
It is very thin, intimately blended with the
anterior and posterior ligaments, and strengthened at the upper and lower part
of the articulation by a few fibres, which pass from the cartilage to the side of
the sternum.
These ligaments protect the synovial membranes.
sternal

.

;
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—

The Interarticular Chondro-sternal Ligaments. These are only found between
the second and third costal cartilages and the sternum. The cartilage of the
second rib is connected with the sternum by means of an interarticular ligament,
attached by one extremity to the cartilage of the second rib, and by the other
extremity to the cartilage which unites the first and second pieces of the sternum
This articulation is provided with two synovial membranes. The cartilage of
the third rib is connected with the sternum by means of an interarticular
ligament which is attached by one extremity to the cartilage of the third ril),
and by the other extremity to the point of junction of the second and third
This articulation is provided with two synovial mempieces of the sternum.
branes.

—

The Anterior Chondro-xiphoid. This is a iDand of ligamentous fibres, which
connects the anterior surface of the seventh costal cartilage, and occasionally also
It varies in
that of the sixth, to the anterior surface of the ensiform appendix.
length and breadth in different subjects.
The Posterior Chondro-xiphoid is a similar band of fibres on the internal or
posterior surface, though less thick

and

distinct.

—

Synovial Membranes. There is no synovial membrane betw-een the first
costal cartilage and the sternum, as this cartilage is directly continuous with the
sternum. There are two synovial membranes both in the articulation of the
second and third costal cartilages to the sternum. There is generally one
synovial membrane in each of the joints between the fourth, fifth, sixth, and
seventh costal cartilages to the sternum but it is sometimes absent in the sixth
and seventh chondro-sternal joints. Thus there are eight synovial cavities on
each side in the articulations between the costal cartilages of the true ribs and
the sternum. After middle life the articular surfaces lose their polish, become
roughened, and the synovial membranes appear to be wanting. In old age, the
articulations do not exist, the cartilages of most of the ribs becoming continuous
with the sternum.
Actions.
The movements which are permitted in the chondro-sternal articulations are limited to elevation and depression, and these only to a slight extent.
;

—

Articulations of the Cartilages of the Eibs with each other
(Interchondral) (fig. 274)

The contiguous borders of the sixth, seventh, and eighth, and sometimes the
ninth and tenth, costal cartilages articulate with each other by small, smooth,
oblong-shaped facets. Each articulation is enclosed in a thin capsular ligament
lined by synovial membrane, and strengthened externally and internally by ligamentous fibres (interchrondral ligaments), which pass from one cartilage to the
other.
Sometimes the fifth costal cartilage, more rarely that of the ninth, articulates, by its lower border, with the adjoining cartilage by a small oval facet
more frequently they are connected together by a few ligamentous fibres.
Occasionally, the articular surfaces above mentioned are wanting.
Articulations of the Eibs with their Cartilages (Costo-chondral)
(fig-

274)

.

The outer extremity

of each costal cartilage is received into a depression in
the sternal end of the ribs, and the two are held together by the periosteum.

YIII.

The

Articulations of the Sternum

piece of the sternum is united to the second either by an amphia single piece of true fibro-cartilage uniting the segments or
by a diarthrodial joint, in which each bone is clothed with a distinct lamina of
first

arthrodial joint

cartilage,

—

adherent on one

—

side, free

and lined with synovial membrane on the

.

:
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other.
In the latter case, the cartilage covering the gladiolus is continued without
interruption on to the cartilages of the second ribs.
Mr. Eivington has found
the diarthrodial form of joint in about one-third of the specimens examined by

him, Mr. Maisonneuve more frequently. It appears to be rare in childhood,
and is formed, in Mr. Eivington's opinion, from the amphiarthrodial form, by

The diarthrodial joint seems to have no tendency to ossify at any
the amphiarthrodial is more hable to do so, and has been found
ossified as early as thirty-four years of age.
The two segments are further
absorption.

age, while

connected by an
Anterior Intersternal Ligament.
Posterior Intersternal Ligament.

.

The Anterior Intersternal Ligament
longitudinal direction

;

Fig. 275.

it

consists of a layer of fibres, having a
blends with the fibres of the anterior chondro-sternal

—Articulations of pelvis and hip.

Anterior view.

ipe-)

tiue of communication
ivith

Bmsa

uf Psoas and Iliacus

ligaments on both sides, and with the tendinous fibres of origin of the Pectoralis
major. This ligament is rough, irregular, and much thicker below than above.
The Posterior Intersternal Ligament is disposed in a somewhat similar
manner on the posterior surface of the articulation.

IX.

Articulation op the Vertebral Column with the Pelvis

The ligaments connecting the last lumbar vertebra with the sacrum are
which connect the segments of the spine with each other viz.
1
The continuation downwards of the anterior and posterior common ligaments.
2. The intervertebral substance connecting the flattened oval
surfaces of the
two bones and forming an amphiarthrodial joint. 3. Ligamenta subflava, consimilar to those

—

necting the arch of the last lumbar vertebra with the posterior border of the
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sacral canal.
4. Capsular ligaments connecting the articulating processes and
forming a double arthrodia. 5. Inter- and supra-spinous ligaments.
The two proper ligaments connecting the pelvis with the spine are the lumbo-

and ilio-lumbar.

sacral

The Lumbo-sacral Ligament (fig. 275) is a short, thick, triangular fasciculus,
which is connected above to the lower and front part of the transverse process
of the last lumbar vertebra, passes obliquely outwards, and is attached below to
the lateral surface of the base of the sacrum, becoming blended with the anterior
This ligament is in relation, in front, \vith the Psoas
sacro-iliac ligament.

muscle.

The Ilio-lumbar Ligament
apex

275) passes horizontally outwards from the
lumbar vertebra to the crest of the

(fig.

of the transverse process of the last

ilium immediately in front of the sacro-iliac articulation.
Fig. 276.

—Articulations of pelvis and hip.

It is of a triangular

Posterior view.

Antetioi 01 lesser
sacio sciatic

ligament

form, thick and narrow internally, broad and thinner externally. It is in relation,
front, with the Psoas muscle
behind, with the muscles occupying the
vertebral groove above, with the Quadratus lumborum.

in

;

;

X. Articulations of the Pelvis

The ligaments connecting the bones of the pelvis with each other may be
divided into four groups
i. Those connecting the sacrum and ilium.
2. Those
passing between the sacrum and ischium. 3. Those connecting the sacrum and
coccyx. 4. Those between the two pubic bones.
:

I.

The

Articulations op the Sacrum and Ilium
an amphiarthrodial joint, formed between the
sacrum and ilium. The anterior or auricular portion of

sacro-iliac articulation is

lateral surfaces of the
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covered with a thin plate of cartilage, thicker on the
These are usually connected together by fine transbut occasionally the
verse fibres, so as to convert the whole into one mass
surfaces of the cartilages are rough and irregular, and separated from one another
by a soft, yellow, pulpy substance. The ligaments connecting these surfaces

each articular surface

sacrum than on the

is

ilium.

;

are the anterior

and posterior

sacro-iliac.

The Anterior Saero-iliac Ligament (fig. 277) consists of numerous thin ligamentous bands, which connect the anterior surfaces of the sacrum and ilium.
The Posterior Sacro-iliac (fig. 276) is a strong interosseous ligament, situated
in a deep depression between the sacrum and ilium behind, and forming the
It consists of numerous strong
chief bond of connection between those bones.
fasciculi, which pass between the bones in various directions.
Three of these
the tico siiijerior, nearly horizontal in direction, arise from the
and second transverse tubercles on the posterior surface of the sacrum, and
are inserted into the rough, uneven surface at the posterior part of the inner
are of large size

;

first

Fig. 277.— Side view of pelvis, shovi'ing the great and lesser sacro-sciatic ligaments.

Ant. sacro-iliac
ligament

Great sacro-sciatic
ligament
Lesser sacro-sciatic
ligament

Gi-eat sacro-sciatic

ligament

surface of the ilium.

The

third fasciculus, oblique in direction,

is

attached by

one extremity to the third .transverse tubercle on the posterior surface of the
sacrum, and by the other to the posterior superior spine of the ilium it is some;

times called the oblique sacro-iliac ligament.

The
iliiun.

2.

position of the sacro-iliac joint is indicated by the j)osterior .superior spine of the
This process is immediately behind the centre of the articvilation.

Ligaments passing between the Sacrum and Ischium

(fig.

277)

The Great Sacro-sciatic (Posterior).
The Lesser Sacro-sciatic (Anterior).
The Great or Posterior Sacro-sciatic Ligament is situated at the lower and
back part of the pelvis. It is thin, flat, and triangular in form narrower in the
middle than at the extremities attached by its broad base to the posterior inferior
spine of the ilium, to the fourth and fifth transverse tubercles of the sacrum, and
;

;

;
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margin of that bone and the coccyx. Passhig
downwards, outwards, and forwards, it becomes narrow and thick
and at its insertion into the inner margin of the tuberosity of the ischium, it
increases in breadth, and is prolonged forwards along the inner margin of the
ramus, forming what is known as the falciform ligament. The free concave
edge of this prolongation has attached to it the obturator fascia, with which it
forms a kind of groove, protecting the internal pudic vessels and nerve. One of
its surfaces is turned towards the perinaBum, the other towards the Obturator
to the lower part of the lateral
obliqiiely

internus muscle.

The

posterior sjirface of this ligament gives origin,

fibres of the

Gluteus maximus.

by

its

whole extent,

Its external border forms, above, the posterior

sciatic ligament.

to

Its anterior surface is united to the lesser sacro-

boundary

of the

great sacro-sciatic foramen, and, below, the lower boundary of the lesser sacroIts lotoer harder forms part of the boundary of the perinaBum.
sciatic foramen.

and coccygeal nerve.
shorter and smaller
than the preceding, is thin, triangular in form, attached by its apex to the spine
of the ischium, and internally, by its broad base, to the lateral margin of the
sacrum and coccyx, anterior to the attachment of the great sacro-sciatic ligament
with which its fibres are intermingled.
It is in relation, anteriorly, with the Coccygeus muscle
posteriorly, it is
covered by the great sacro-sciatic ligament, and crossed by the internal pudic
vessels and nerve.
Its superior border forms the lower boundary of the/ great
its inferior border, part of the lesser sacro-sciatic foramen.
sacro-sciatic foramen
These two ligaments convert the sacro-sciatic notches into foramina. The
superior or great sacro-sciatic foramen is bounded, in front and above, by the
posterior border of the os innominatum
behind, by the great sacro-sciatic
ligament and below, by the lesser sacro-sciatic ligament. It is partially filled
up, in the recent state, by the Pj^riformis muscle which passes through it.
Above this muscle, the gluteal vessels and superior gluteal nerve emerge from
the pelvis and below it, the sciatic vessels and nerves, the internal pudic vessels
and nerve, and muscular branches from the sacral plexus. The inferior or lesser
sacro-sciatic foramen is bounded, in front, by the tuber ischii
above, by the
spine and lesser sacro-sciatic ligament
behind, by the greater sacro-sciatic
ligament. It transmits the tendon of the Obturator internus muscle, its nerve,
and the internal pudic vessels and nerve.

It is pierced

by the coccj^geal branch

The Lesser

of the sciatic artery

or Anterior Sacro-sciatic Ligament,

much

;

;

;

;

;

;

;

3.

Articulation of the Sacrum and Coccyx

This articulation is an amphiarthrodial joint, formed betw^een the oval surface
apex of the sacrum, and the base of the coccyx. It is analogous to the
joints between the bodies of the vertebrae, and is connected by similar ligaments.
at the

They

are the

Anterior Sacro-coccygeal.
Posterior Sacro-coccygeal.

-

Lateral Sacro-coccygeal.
Interposed Fibro-cartilage.

The Anterior Sacro-coccygeal Ligament consists of a few irregular fibres,
which descend from the anterior surface of the sacrum to the front of the coccyx,
becoming blended with the periosteum.
The Posterior Sacro-coccygeal Ligament is a flat band of ligamentous fibres,
of a pearly tint, which arises from the margin of the lower orifice of the sacral
canal, and descends to be inserted into the posterior surface of the coccyx.
This
ligament completes the lower and back part of the sacral canal. Its superficial
fibres are much longer than the more deeply seated.
This ligament is in relation,
behind, with the Gluteus maximus.
The Lateral Sacro-coccygeal Ligaments are ligamentous bands which pass

OF THE PELVIS
from the cornua

of the last sacral vertebra to the

coccyx.
A Fibro-cartilage

and coccyx
in

;

it

differs

being thinner, and

in front

33:

cornua

of the first piece of the

interposed between the contiguous surfaces of the sacrum
from that interposed between the bodies of the vertebrae

is

its

It is somewhat thicker
Occasionally, a synovial membrane is
freely movable, Avhich is more especially the case

central part firmer in texture.

and behind than

at the sides.

found when the coccyx is
during pregnancy.
The different segments of the coccyx are connected together by an extension
downwards of the anterior and posterior sacro-coccygeal ligaments, a thin annular
In the adult
disc of fibro-cartilage being interposed between each of the bones.
male, all the pieces become ossified but in the female, this does not commonly
occur until a later period of life. The separate segments of the coccyx are first
united, and at a more advanced age the joint between the sacrum and coccyx is
;

obliterated.

—

Actions,
The movements which take place between the sacrum and coccyx,
and between the different pieces of the latter bone, are slightly forwards and
backwards they are very limited. Their extent increases during pregnancy.
;

Articulation of the Ossa Pubis

4.

(fig.

2 78)

The articulation between the pubic bones is an amphiarthrodial joint, formed
by the junction of the two oval articular surfaces of the ossa pubis. The articular
surface has been described on a former page under the name of sympliysis, and
the

same name

is

The ligaments

given to the joint.

iVnterior Pubic.

of this articulation are the

Posterior Pubic.

Subpubic.

Superior Pubic.
Interpubie Disc.

The Anterior Pubic Ligament consists of several superimposed layers, which
pass across the front of the articulation. The superficial fibres pass obliquely
from one bone to the other,
decussating and forming an
Fig. 278. Vertical section of the symphysis
pubis.
Made near its posterior siu'face.
interlacement with the fibres of
the aponeurosis of the External
Hyaline cartilage coverincj hone
oblique and the tendon of the
Intermediate fibro-cartilage
Eectus muscles. The deep fibres
Cavity at upper
and haclx part
pass transversely across the
symphysis, and are blended with

—

|

]

the fibro-cartilage.

The
ment

Posterior Pubic

consists

of

a

few

Ligathin,

scattered fibres, which unite the

two pubic bones posteriorly.
The Superior Pubic Ligament is a band of fibres, which
connects together the two pubic
bones superiorly.
The Subpubic Ligament is
a thick, triangular arch of ligamentous fibres, connecting together the tw^o pubic bones
Above, it is blended
below, and forming the upper boundary of the pubic arch.
with the interarticular fibro-cartilage laterally, it is united with the descending
rami of the ossa pubis. Its fibres are closely connected, and have an arched
;

direction.

The Interpubie Disc consists of a disc of cartilage and fibro-cartilage connecting the surfaces of the pubic bones in front. Each pubic symphysis is

;
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covered by a thin layer of hyaline cartilage, which is firmly connected to the
bone by a series of nipple-like processes which accurately fit within corresponding depressions on the osseous surfaces.
These opposed cartilaginous surfaces
are connected together by an intermediate stratum of fibrous tissue and fibrocartilage which varies in thickness in diffei-ent subjects.
It often contains a
cavity in its centre, probably formed by the softening and absorption of the
fibro-cartilage, since it rarely appears before the tenth year of life, and is not
lined by synovial membrane.
It is larger in the female -than in the male, but it
is very questionable whether it enlarges, as w^as formerly supposed, during
pregnancy. It is most frequently limited to the upper and back part of the
joint
but it occasionally reaches to the front, and may extend the entire length
This cavity may be easily demonstrated by making a vertical
of the cartilage.
section of the symphysis pubis near its posterior surface.
The Obturator Ligament is more properly regarded as analogous to the
muscular fasciae, with w^hich it will be described.
;

AETICULATIONS OF THE UPPER EXTREMITY
The

Upper Extremity may be arranged

articulations of the

in the following
Acromio-clavicular articulation.
III. Ligaments of the Scapula.
IV. Shoulder-joint. V. Elbow-joint. VI.
Radio-ulnar articulations. VII. Wrist- joint. VIII. Articulations of the Carpal
Bones. IX. Carpo-metacarpal articulations. X. Metacarpo-phalangeal /articulations.
XL Articulations of the Phalanges.

groups

:

—

I.

Sterno-clavicular articulation.

I.

II.

Sterno-claviculab x\rticulation

(fig.

279)

regarded by most anatomists as an arthrodial joint
The
but Cruveilhier considers it to be an articulation by reciprocal reception. Probably
the former opinion is the correct one the varied movements, which the joint
enjoys, being due to the interposition of an interarticular fibro-cartilage between
The parts entering into its formation are the sternal end
the joint surfaces.
of the clavicle, the upper and lateral part of the first piece of the sternum,
Sterno-clavicular

is

;

and the

cartilage of the first rib.

The

articular surface of the clavicle is

much

and invested with a layer of cartilage,* which is
The ligaments of this joint
considerably thicker than that on the latter bone.
larger than that of the sternum,

are the

Capsular.
Anterior Sterno-clavicular.

Interclavicular.

Posterior Sterno-clavicular.

Interarticular Eibro-cartilage.

Costo-clavicular (rhomboid).

The Capsular Ligament completely surrounds the

articulation, consisting of

varying degrees of thickness and strength. Those in front and behind
are of considerable thickness, and form the anterior and posterior sterno-clavicular
ligaments, but those above and below, especially in the latter situation, are thin
and scanty, and partake more of the character of connective tissue than true
fibres of

fibrous tissue.

The Anterior

Sterno-clavicular Ligament, the anterior part of the capsular

which covers the anterior surface of the
above, to the upper and front part of the inner
extremity of the clavicle and, passing obliquely downwards and inwards, is
attached, below, to the upper and front part of the first piece of the sternum.
This ligament is covered, in front, by the sternal portion of the Sterno-cleidomastoid and the integument behind, it is in relation with the interarticular
ligament,

is

a broad

band

of fibres,

articulation, being attached,
;

;

fibro-cartilage

and the two synovial membranes.

* According to Brucli, the sternal end of the clavicle
rather fibrous than cartilao'inous in structure.

is

covered by a tissue, which

is
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Posterior Sterno-clavicular Ligament, the posterior part of the capsular

band of fibres, which covers the posterior surface of the
being attached, above, to the upper and back part of the inner
and, passing obliquely downwards and inwards,
extremity of the clavicle
the
is attached, below, to the upper and back part of the first piece of
It is in relation, in front, with the interarticular fibro-cartilage
sternum.
behind, with the Sterno-hyoid and Sterno-thyroid
and synovial membranes
ligament,

a similar

is

articulation,

;

;

muscles.
The Interclavicular Ligament is a flattened band, which varies considerably
it passes in a curved direction from the
in form and size in different individuals
upper part of the inner extremity of one clavicle to the other, and is closely
attached to the upper margin of the sternum. It is in relation, in front, with the
integument behind, with the Sterno-thyroid muscles.
The Costo-clavicular Ligament (rhomboid) is short, flat, and strong it is of
a rhomboid form, attached, below, to the upper and inner part of the cartilage of
;

;

:

ascends obliquely backwards and outwards, and is attached, above,
rhomboid depression on the under surface of the clavicle. It is in relation,
behind, with the subclavian
front, with the tendon of origin of the Subclavius

the

first rib, it

to the

in

;

vein.
Fig. 279.

— Sterno-clavicular articulation.

Anterior view.

The Interarticular Fibro-cartilage is a flat and nearly circular disc, interposed
between the articulating surfaces of the sternum and clavicle. It is attached,
above, to the upper and posterior border of the articular surface of the clavicle
below, to the cartilage of the first rib, at its junction with the sternum
and by
its circumference to the anterior and posterior sterno-clavicular and interclavicular
ligaments.
It is thicker at the circumference, especially its upper and back part,
than at its centre, or below. It divides the joint into two cavities, each of which
is furnished with a separate synovial membrane.
Of the two Synovial Membranes found in this articulation, one is reflected
from the sternal end of the clavicle, over the adjacent surface, of the fibrocartilage, and cartilage of the first rib
the other is placed between the articular
surface of the sternum and adjacent surface of the fibro-cartilage the latter is
;

;

;

;

the larger of the two.
Actions.
This articulation

—

is

the centre of the

movements

of the shoulder,

—

and admits of a limited amount of motion in nearly every direction upwards,
downwards, backwards, forwards, as well as circumduction. When these movements take place in the joint, the clavicle in its motion carries the scapula with
it, this bone gliding on the outer surface of the chest.
This joint therefore forms
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the centre from which all movements of the supporting arch of the shoulder
originate, and is the only point of articulation of this part of the skeleton witli
The movements attendant on elevation and depression of the
the trunk.
'

shoulder take place between the clavicle and the interarticular fibro-cartilage, the
bone rotating upon the ligament on an axis drawn from before backwards through
When the shoulder is moved forwards and backwards,
its own articular facet.
the clavicle, with the interarticular fibro-cartilage, rolls to and fro on the
articular surface of the sternum, revolving, with a sliding movement, round an
In the circumduction of the
axis drawn nearly vertically through the sternum.
shoulder, which is compounded of these two movements, the clavicle revolves
upon the interarticular fibro-cartilage, and the latter, wath the clavicle, rolls
upon the sternum.' * Elevation of the clavicle is principally limited by the
The muscles
costo-clavicular ligament; depression, by the interclavicular.
which raise the clavicle, as in shrugging the shoulders, are the upper fibres of
the Trapezius, the Levator anguli scapulae, the clavicular head of the Sternomastoid, assisted to a certain extent by the two Ehomboids, which pull the
inferior angle of the Scapula backwards and upwards and so raise the clavicle.
The dejjres.non of the clavicle is principally effected by gravity, assisted by the
It is drawn
Subclavius, Pectoralis minor, and lower fibres of the Trapezius.
hachicarch by the Ehomboids and the middle and lower fibres of the Trapezius,
and fortcards by the Serratus magnus and Pectoralis minor.

—

Surface Form. The position of the sterno-claviciilar joint may be easily ascertained by
feeling the enlarged sternal end of the collar-bone jiist external to the long, cord-like,
If this muscle is relaxed bj- bending the
sternal origin of the Sterno-mastoid muscle.
head forwards, a depression just mternal to the end of the clavicle, and between it and the
sternum, can be felt, indicating the exact position of the joint, which is subcutaneous.
"When tlie arm hangs by the side, the cavity of the joint is V-shaped. If tlie arm is raised,
the bones

become more

Surgical Anatomy.

closel}'

approximated, and the cavity becomes a mere

— The strength of this joint mainly depends upon

slit.

ligaments, and
it is owing to this, and to the fact that the force of the blow is generally transmitted along
the long axis of the clavicle, that dislocation rarelj' occurs, and that the bone is generaUy
broken rather than displaced. "When dislocation does occur, the coinse which the displaced bone takes depends more upon the direction in which the violence is applied than
upon the anatomical construction of the joint it may be either forwards, backwards, or
upwards. The chief point worthy of note, as regards the construction of the joint, in
regard to dislocations, is the fact that, owing to the shape of the articular surfaces being so
little adapted to each other, and that the strength of the joint mainly depends upon the
ligaments, the displacement when reduced is very liable to recur, and hence it is extremely
diflicult to keep the end of the bone in its proper place.
its

;

II.

ACEOMIO-CLAVICULAR ARTICULATION

280)

(fig.

The Acromio-clavieular is an arthrodial joint, formed between the outer extremity of the clavicle and the inner margin of the acromion process of the
scapula.
Its ligaments are the
(Trapezoid

Superior Acromio-clavieular.
Coraco-clavicular

Inferior Acromio-clavieular.

and

-

Interarticular Fibro-cartilage.

\

Conoid.

The Superior Acromio-clavieular Ligament is a broad band, of a quadrilateral
k
form, which covers the superior part of the articulation, extending between the
upper part of the outer end of the clavicle and the adjoining part of the upper
surface of the acromion.
It is composed of parallel fibres, which interlace with
the aponeurosis of the Trapezius and Deltoid muscles below, it is in contact
with the interarticular fibro-cartilage (when it exists) and the synovial membranes.
The Inferior Acromio-clavieular Ligament, somewhat thinner than the preceding, covers the under part of the articulation, and is attached to the adjoining
;

*

Humphry, On

the

Human

Slccleton, p. 402.

;
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It is in relation, above, with the synovial membranes,
with the interarticular fibro-cartilage below, with the tendon
These two ligaments are continuous with each other in
of the Supraspinatus.
front and behind, and form a complete capsule round the joint.
The Interarticular Fibro-cartilage is frequently absent in this articulation.
When it exists, it generally only partially separates the articular surfaces, and
occupies the upper part of the articulation. More rarely, it completely separates

surfaces of the two bones.

and

in rare cases

;

the joint into two cavities.

The Synovial Membrane.
this articulation,

are

but

when

— There

is

usually only one synovial

membrane

in

a complete interarticular fibro-cartilage exists, there

two synovial membranes.
The Coraco-clavicular Ligament

coracoid process of the scapula.
Fig. 280.

—The

left

It

serves to connect the clavicle with the
does not properly belong to this articulation,

shoulder -joint, scapulo-clavicular articulation,

and proper ligaments of

scapula.

I

but as it forms a most efficient means in retaining the clavicle in contact with
the acromial process, it is usually described with it. It consists of two fasciculi,

and conoid ligaments.
The Trapezoid Ligament, the anterior and external

called the trapezoid

fascicu.lus, is broad, thin,

placed obliquely between the coracoid process and the
clavicle.
It is attached, below, to the upper surface of the coracoid process
above, to the oblique line on the under surface of the clavicle.
Its anterior
border is free its posterior border is joined with the conoid ligament the two
forming, by their junction, a projecting angle.
The Conoid Ligament, the posterior and internal fasciculus, is a dense band
of fibres, conical in form, the base being turned upwards, the summit downwardsIt is attached by its apex to a rough impression at the base of the coracoid process,
internal to the preceding
above, by its expanded base, to the conoid tubercle on

and quadrilateral

:

it

is

:

;

;

Z
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the under surface of the clavicle, and to a line proceeding iiiternally from it for
an inch. These ligaments are in relation, in front, with the Subclavius and
Deltoid behind, with the Trapezius. They serve to limit rotation of the scapula
the Trapezoid limiting rotation forwards, and the Conoid backwards.
The movements of this articulation are of two kinds, i. A gliding
Actions.

half

;

;

—

end of the clavicle on the acromion. 2. Eotation of the
scapula forwards and backwards upon the clavicle, the extent of this rotation
being limited by the two portions of the coraco-clavicular ligament.
The acromio-clavicular joint has important functions in the movements of the
upper extremity. It has been well pointed out by Sir George Humphry, that if
there had been no joint between the clavicle and scapula, the circular movement
of the scapula on the ribs (as in throwing the shoulders backwards or forwards)
would have been attended with a greater alteration in the direction of the
shoulder than is consistent with the free use of the arm in. such positions, and it
would have been impossible to give a blow straight forwards with the full force of
the arm, that is to say, with the combined force of the scapula, arm, and foreThis joint,' as he happily says, is so adjusted as to enable either bone to
arm.
turn in a hinge-like manner upon a vertical axis drawn through the other, and it
permits the surfaces of the scapula, like the baskets in a roundabout swing, to
Again, when the whole arch
look the same way in every position, or nearly so.'
formed by the clavicle and scapula rises and falls (in elevation or depression of
the shoulders), the joint between these two bones enables the scapula still to
maintain its lower part in contact with the ribs.
motion

of the articular

'

'

,

—

Surface Form. The position of the acroinio-clavicular joint can generally be ascertained
by the slightly enlarged extremit^^ of the outer end of the clavicle, which causes it to project
above the level of the acromion process of the scapula. Sometimes this enlargement is
The joint lies
so considerable as to form a rounded eminence, which is easily to be felt.
in the plane of a vertical line passing up the middle of the front of the arm.
Surgical Anatomy. Owing to the slanting shape of the articular surfaces of this joint,
dislocation generally occurs downwards, that is to say, the acromion process of the scapula
is dislocated under the outer end of the clavicle
but dislocation in tlie opposite direction
has been described.
The displacement is often incomplete, on account of the strong
coraco-clavicular ligaments, which remain untorn. The same difficulty exists, as in the
sterno-clavicular dislocation, in maintaining the ends of the bone in position after

—

;

reduction.

III.

Propeb Ligaments of the Scapula

The proper ligaments

(fig.

280)

of the scapula are, the

Coraco-acromial.

Transverse.

The Coraco-acromial Ligament is a broad, thin, flat band, of a triangular
shape, extended transversely above the upper part of the shoulder-joint, between
It is attached, by its apex, to the summit
the coracoid and acromial processes.
acromion just in front of the articular surface for the clavicle and by its
broad base to the whole length of the outer border of the coracoid process. Its
posterior fibres are directed obliquely backwards and inwards, its anterior fibres
transversely inwards. This ligament completes the vault formed by the coracoid and acromion processes for the protection of the head of the humerus.
It
is in relation, above, with the clavicle and under surface of the Deltoid
below,
with the tendon of the Supraspinatus muscle, a bursa being interposed. Its
anterior border is continuous with a dense cellular lamina that passes beneath
the Deltoid upon the tendons of the Supra- and Infraspinatus muscles.
This
ligament is sometimes described as consisting of. two marginal bands and a
thinner intervening portion, the two bands being attached respectively to the
apex and base of the coracoid process, and joining together at their attachment
into the acromion process. When the Pectoralis minor is inserted, as sometimes is
the case, into the capsule of the shoulder- joint instead of into the coracoid process,
it passes between these two bands, and the intervening portion is then deficient.
of the

;

;

;
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The Transverse or Coracoid {siijprascapulai) Ligament converts the supraIt is a thin and fiat fasciculus, narrower at the
scapular notch into a foramen.
middle than at the extremities, attached by one end to the base of the coracoid
process, and by the other to the inner extremity of the scapular notch.
The
suprascapular nerve passes through the foramen the suprascapular vessels pass
;

over the ligament.
Movements of Scapula.

—

The scapula is capable of being moved upwards and
downwards, forwards and backwards, or, by a combination of these movements,
circumducted on the wall of the chest. The muscles which raise the scapula are
the upper fibres of the Trapezius, the Levator anguli scapulae, and the two
Ehomboids those which depress it are the lower fibres of the Trapezius, the
The scapula is
Pectoralis minor and, through the clavicle, the Subclavius.
drawn hackioards by the Ehomboids and the middle and lower fibres of the
Trapezius, and forwards by the Serratus magnus and Pectoralis minor, assisted,
when the arm is fixed, by the Pectoralis major. The mobility of the scapula is
very considerable, and greatly assists the movements of the arm at the shoulderjoint.
Thus, in raising the arm from the side, the Deltoid and Supraspinatus
can only lift it to a right angle with the trunk, the further elevation of the limb
being effected by the Trapezius moving the scapula on the wall of the chest.
This mobility is of special importance in ankylosis of the shoulder- joint, the
movements of this bone compensating to a very great extent for the immobility
;

of

the joint.

IV. Shoulder- Joint

(fig.

280)

an enarthrodial or ball-and-socket joint. The bones entering
head of the humerus, which is received
the shallow glenoid cavity of the scapula, an arrangement which permits of

The Shoulder

is

into its formation are the large globular
into

very considerable movement, whilst the joint itself is protected against displacement by the tendons which surround it and by atmospheric pressure. The ligaments do not maintain the joint surfaces in apposition, because when they alone
remain the humerus can be separated to a considerable extent from the glenoid
Above, the
cavity their use therefore is to limit the amount of movement.
joint is protected by arf arched vault, formed by the under surface of the coraThe articular
coid and acromion processes, and the coraco-acromial ligament.
that on the head of the humerus
surfaces are covered by a layer of cartilage
is thicker at the centre than at the circumference, the reverse being the case in
The ligaments of the shoulder are, the
the glenoid cavity.
;

:

Coraco-humeral.
Transverse-humeral.

Capsular.
Glenoid.*

The Capsular Ligament completely

encircles the articulation, being attached,

above, to the circumference of the glenoid cavity beyond the glenoid ligament
below, to the anatomical neck of the humerus, approaching nearer to the articular cartilage above than in the rest of its extent.

It is thicker

above and below

than elsewhere, and is remarkably loose and lax, and much larger and longer
than is necessary to keep the bones in contact, allowing them to be separated
from each other more than an inch, an evident provision for that extreme freedom of movement which is peculiar to this articulation. Its external surface is
below, by the long head of the
strengthened, above, by the Supraspinatus
and
Triceps
externally, by the tendons of the Infraspinatus and Teres minor
The capsular ligament usually
internally, by the tendon of the Subscapularis.
presents three openings one anteriorly, below the coracoid process, establishes
a communication between the synovial membrane of the joint and a bursa
;

;

;

:

*

The long tendon

of origin of the Biceps muscle also acts as one of the ligaments of
p. 310, on the function of the muscles passing over

See the observations on
more than one joint.

this joint.

.

z 2
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The second, which is not constant, is at the
outer part, where a communication sometimes exists between 'the joint and a
bursal sac belonging to the Infraspinatus muscle.
The third is seen in the
lower border of the ligament, between the two tuberosities, for the passage of
the long tendon of the Biceps muscle.
The Coraco-humeral or Accessory Ligament is a broad band which strengthens
beneath the tendon of that muscle.

It arises from the outer border of the
the upper part of the capsular ligament.
coracoid process, and passes obliquely downwards and outwards to the front of
the great tuberosity of the humerus, being blended with the tendon of the Supraspinatus muscle. This ligament is intimately united to the capsular in the
greater part of its extent.

—

The Transverse Humeral Ligament. This is a broad band of fibrous tissue
passing from the lesser to the greater tuberosity of the humerus, and always
limited to that portion of the bone which lies above the epiphysial line.
It converts the bicipital groove into an osseo-aponeurotic canal, and is the analogue of
the strong process of bone which connects the summits of the two tuberosities
in the musk ox.
Fig. 281.

— Vertical sections through the shoulder-joint, the arm being vertical
and horizontal.

(After Henle.)
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Supplemental Bands of the Capsular Ligament. In addition to the coracohumeral or accessory ligament, the capsular ligament is strengthened by supplemental bands in the interior of the joint. One of these bands is situated on the
inner side of the joint, and passes from the inner edge of the glenoid cavity tc
This is sometimes knowr
the lower part of the lesser tuberosity of the humerus.
as Flood's ligament, and is supposed to correspond with the ligamentum teres oi
the hip-joint.
A second of these bands is situated at the lower part of the joint,
and passes from the under edge of the glenoid cavity to the under part of the
neck of the humerus, and is known as Schlevim's ligament. A third, called the
gleno-humeral ligament, is situated at the upper part of the joint, and project?
into its interior, so that it can only be seen when the capsule is opened
It is attached above to the apex of the glenoid cavity close to the root of the
zygoma, and passing downwards along the inner edge of the tendon of the Biceps
is attached below to the lesser tuberosity of the humerus, where it forms the innei
boundary of the upper part of the bicipital groove. It is a thin, ribbon-like
band, occasionally quite fi'ee from the capsule.
The Glenoid Ligament is a fibro-cartilaginous rim attached round the margin
of the glenoid cavity.
It is triangular on section, the thickest portion being fixed
It is
to the circumference of the cavity, the free edge being thin and sharp.
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ontinuous above with the long tendon of the Biceps muscle, which bifurcates
upper part of the cavity into two fasciculi, and becomes continuous with
This ligament deepens the cavity
the fibrous tissue of the glenoid ligament.
It is lined by the synovial
for articulation, and protects the edges of the bone.
at the

membrane.
The Synovial Membrane

is reflected from the margin of the glenoid cavity
over the fibro-cartilaginous rim surrounding it it is then reflected over the
internal surface of the capsular ligament, covers the lower part and sides of the
neck of the humerus, and is continued a short distance over the cartilage cover;

The long tendon

ing the head of the bone.

of the Biceps muscle which passes
enclosed in a tubular sheath of synovial membrane, which is reflected upon it at the point where it perforates the capsule, and
is continued around it as far as the summit of the glenoid cavity.
The tendon
of the Biceps is thus enabled to traverse the articulation, but it is not contained
in the interior of the synovial cavity.
The synovial membrane communicates
with a large bursal sac beneath the tendon of the Subscapularis, by an opening
it also occasionally communicates
at the inner side of the capsular ligament
with another bursal sac, beneath the tendon of the Infraspinatus, through an
A third bursal sac, which does not communicate with
orifice at its outer part.
the joint, is placed between the under surface of the Deltoid and the outer
surface of the capsule.
The Muscles in relation with the joint are, above, the Supraspinatus below,
the long head of the Triceps internally, the Subscapularis externally, the Infraspinatus and Teres minor within, the long tendon of the Biceps.
The Deltoid
is placed most externally, and covers the articulation on its outer side, as well as
in front and behind.
The Arteries supplying the joint are articular branches of the anterior and
posterior circumflex, and suprascapular.
The Nerves are derived from the circumflex and suprascapular.
.Actions.
The shoulder- joint is capable of movement in every direction, forwards, backwards, abduction, adduction, circumduction, and rotation.
The
humerus is drawn forivards by the Pectoralis major, anterior fibres of the Deltoid, Coraco-brachiahs, and by the Biceps, when the forearm is flexed
hackivards
by the Latissimus dorsi. Teres major, posterior fibres of the Deltoid, and by the
Triceps when the forearm is extended it is abducted (elevated) by the Deltoid
and Supraspinatus it is adducted (depressed) by the Subscapularis, Pectoralis
major, Latissimus dorsi, and Teres major it is rotated outioards by the Infraspinatus and Teres minor and it is rotated imoards by the Subscapularis, Latissimus dorsi. Teres major, and Pectoralis major.
The most striking peculiarities in this joint are: i. The large size of the
head of the humerus in comparison with the depth of the glenoid cavity, even
when supplemented by the glenoid ligament. 2. The looseness of the capsule
of the joint.
3. The intimate connection of the capsule with the muscles
attached to the head of the humerus. 4. The peculiar relation of the Biceps
tendon to the joint.
It is in consequence of the relative size of the two articular surfaces that the
When these movejoint enjoys such free movement in every possible direction.
ments of the arm are arrested in the shoulder- joint by the contact of the bony
surfaces, and by the tension of the corresponding fibres of the capsule, together
with that of the muscles acting as accessory ligaments, they can be carried considerably further by the movements of the scapula, involving, of course, motion
at the acromio- and sterno-clavicular joints.
These joints are therefore to be
regarded as accessory structures to the shoulder- joint.* The extent of these
movements of the scapula is very considerable, especially in extreme elevation
of the arm, which movement is best accomplished when the arm is thrown

through the capsular ligament

is

;

;

;

;

;

—

;

;

;

;

;

*

See

p. 338.
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somewhat forwards, since the articular surface of the humerus is broader in the
middle than at either end, especially the lower, so that the range of elevation
directly forwards is less, and that directly backwards still more restricted.
The
great width of the central portion of the humeral head also allows of very free
horizontal movement when the arm is raised to a right angle, in which movement the arch formed by the acromion, the coracoid process, and the coraco-

acromial ligament, constitutes a sort of supplemental articular cavity for the head
of the bone.
The looseness of the capsule is so great that the arm will fall about an inch
from the scapula when the muscles are dissected from the capsular ligament,
and an opening made in it to remove the atmospheric pressure. The movements
of the joint, therefore, are not regulated by the capsule so much as by the surrounding muscles and by the pressure of the atmosphere, an arrangement which
'renders the movements of the joint much more easy than they would otherwise
have been, and permits a swinging, pendulum-like vibration of the limb when
the muscles are at rest (Humphry).
The fact, also, that in all ordinary positions of the joint the capsule is not put on the stretch, enables the arm to move
freely in all directions.
Extreme movements are checked by the tension of
appropriate portions of the capsule, as well as by the interlocking of the bones.
Thus it is said that abduction is checked by the contact of the great tuberosity
with the upper edge of the glenoid cavity, adduction by the tension of the coracohumeral ligament (Beaunis et Bouchard).
The intimate union of the tendons of the four short muscles with the capsule
converts these muscles into elastic and spontaneously acting ligaments of the
joint, and it is regarded as being also intended to prevent the folds into which all
portions of the capsule would alternately fall in the varying positions of the joint
from being driven between the bones by the pressure of the atmosphere.
The peculiar relations of the Biceps tendon to the shoulder- joint appear to
subserve various purposes. In the first place, by its connection with both the
shoulder and elbow the muscle harmonises the action of the two joints, and acts
as an elastic ligament in all positions, in the manner previou.sly adverted to.
Next, it strengthens the upper part of the articular cavity, and prevents the head
of the humerus from being pressed up against the acromion process, when the
Deltoid contracts, instead of forming the centre of motion in the glenoid cavity.
By its passage along the bicipital groove it assists in rendering the head of the
humerus steady in the various movements of the arm. When the arm is raised
from the side it assists the Supra- and Infraspinatus in rotating the head of the
humerus in the glenoid cavity. It also holds the head of the bone firmly in contact with the glenoid cavity, and prevents its slipping over its lower edge, or
being displaced by the action of the Latissimus dorsi and Pectoralis major, as in
climbing and many other movements.
'

'

'

;

—

Surface Form. The direction and position of the shoulder-joint maj' be indicated by a
drawn from the middle of the coraco-acromial ligament, in a curved direction, with
its convexitj' inwards, to the innermost part of that portion of the head of the humerus
which can be felt in the axilla when the arm is forcibly abducted from the side. When
the arm hangs by the side, not more than one-third of the head of the bone is in contact
with the glenoid cavitj^, and three-quarters of its circumference is in front of a vei-tical
line drawn from the anterior border of the acromion process.
Surgical Anatomy. Owing to the construction of the shoulder -joint and the freedom of
movement which it enjoys, as well as in consequence of its exposed situation, it is more
frequentlj' dislocated than any other joint in the body.
Dislocation occurs when the arm
is abducted, and when, therefore, the head of the humerus presses against the lower and
front part of the capsule, which is the thinnest and least supported part of the ligament.
The rent in the capsule almost invariably takes place in this situation, and through it the
head of the bone escapes, so that the dislocation in most instances is primarily subglenoid.
The head of the bone does not usually remain in this situation, but generally assumes
some other position, which varies according to the direction and amount of force producing
the dislocation and the relative strength of the muscles in fr-ont and behind the joint.
line

—

*

See

p. 310.

—
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consequence of the muscles at the back being stronger than those in fi-ont, and espeon account of the long head of the Triceps preventing the bone passing backwards,
The most frequent position
dislocation forwards is much more common than backwards.
which the head of the humerus ultimately assumes is on the front of the neck of tlie
Occasionally, in
scapula, beneath the coracoid process, and hence named subcoracoid.
consequence probably of a greater amount of force being brought to bear on the limb, the
head is driven farther inwards, and rests on the upper part of the front of the chest,
beneath the clavicle (subclavicular). Sometimes it remains in the position in which it
was primarily displaced, resting on the axillary border of the scapula (subglenoid), and
rarely it passes backwards and remains in the infraspinatus fossa, beneath the spine
111

cially

(subspinous).
The shoulder-joint is sometimes the seat of all those inflammatory affections, both
acute and chronic, which attack joints, though perhaps less frequently than some other
Acute sj'novitis may result from injury, rheumatism,
joints of equal size and importance.
or p3'aemia, or maj' follow secondarily on the so-called acute epiphysitis of infants.
It is
attended with effusion into the joint, and when this occurs the capsule is evenly distended,
and the contour of the joint rounded. Special projections may occur at the site of the
openings in the capsular ligament. Thus a swelling may appear just in front of the joint,
internal to the lesser tuberosity, from effusion into the bursa beneath the Subscapularis
muscle or, again, a swelling which is sometimes bilobed may be seen in the interval
between the Deltoid and Pectoralis major muscles, from effusion mto the diverticulum,
which runs down the bicipital groove with the tendon of the Biceps. The effusion into the
synovial membrane can be best ascertained hj examination from the axiUa, where a soft,
elastic, fluctuating swelling can usually be felt.
Tuberculous arthritis not unfrequently attacks the shoidder-joint, and may lead to total
destruction of the articulation, when ankjiosis ma.y result, or long protracted suppuration
may necessitate excision. This joint is also one of those which is most liable to be the seat
of osteo-arthritis, and may also be affected in gout and rheumatism
or in locomotor ataxy,
when it becomes the seat of Charcot's disease.
Excision of the shoulder-jomt m&j be required in cases of arthritis (especially the tuberculous form) which have gone on to destruction of the articulation in compound dislocations
and fractures, particularly those arising from gunshot injuries,
which there has been
extensive injury to the head of the bone in some cases of old unreduced dislocation, where
there is much pain and possibly in some few cases of growth connected with the upper
end of the bone. The operation is best performed by making an incision from the middle
of the coraco-acromial ligament down the arm for about three inches
this will expose the
bicipital groove and the tendon of the biceps, which may be either divided or hooked out of
the way, according as to whether it is implicated in the disease or not.
The capsule is
then freely opened, and the muscles attached to the greater and lesser tuberosities of the
humerus divided. The head of the bone can then be thrust out of the wound and sawn
off'; or divided with a narrow saw in situ and subsequently removed.
The section should
be made, if possible, just below the articular surface, so as to leave the bone as long as
possible.
The glenoid cavity must then be examined, and gouged if carious.
;

;

;

m

;

;

:

V. Elbow-Joint

The Elbow

The bones entering into its formahumerus, which is received into the grea-ter
sigmoid cavity of the ulna, and admits of the movements pecuUar to this joint,
viz. flexion and extension
whilst the lesser, or radial, head of the humerus
articulates with the cup-shaped depression on the head of the radius the circumference of the head of the radius articulates with the lesser sigmoid cavity of the
ulna, allowing of the movement of rotation of the radius on the ulna, the chief
is

a ginglyvius or hinge-joint.

tion are the trochlear surface of the

;

;

of the superior radio-ulnar articulation.
The articular surfaces are
covered with a thin layer of cartilage, and connected together by a capsular ligament of unequal thickness, being especially thickened on its two sides and, to a
less extent, in front and behind.
These thickened portions are usually described
as distinct ligaments under the following names

action

:

Anterior.

Internal Lateral.

Posterior.

External Lateral.

The orbicular ligament of the upper radio-ulnar articulation must also be
reckoned among the ligaments of the elbow.
The Anterior Ligament (fig. 282) is a broad and thin fibrous layer, which
covers the anterior surface of the joint.

It is attached to the front of the internal

;
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condyle and to the front of the humerus immediately above the coronoid fossa
below, to the anterior surface of the coronoid process of the ulna and orbicular
ligament, being continuous on each side with the lateral ligaments. Its supo
ficial fibres pass obliquely from the inner condyle of the humerus outwards u>
The middle fibres, vertical in direction, pass from the
the orbicular ligament.
;

-

upper part

of

the coronoid depression and

become partly blended with the

preceding, but mainly inserted into the anterior surface of the coronoid process.

The deep

or transverse set intersects these at right angles.

This ligament

is

in relation, in front, with the Brachialis anticus, except at its outermost part

behind, with the synovial membrane.
The Posterior Ligament (fig. 283) is a thin and loose membranous fold,
attached, above, to the lower end of the humerus, on a level with the upper part

—

Fig. 282. Left elbow-joint, showing
anterior and internal ligaments.

Fig. 283.

— Left elbow-joint, showing

j)osterior

and external ligaments.

of the olecranon fossa
below, to the groove on the upper and outer surfaces of
the olecranon. The superficial or transverse fibres pass between the adjacent
margins of the olecranon fossa. The deeper portion consists of vertical fibres,
some of which, thin and weak, pass from the upper part of the olecranon fossa
to the margin of the olecranon
others, thicker and stronger, pass from the back
;

;

humerus

to the posterior border of the lesser sigmoid
cavity of the ulna.
This ligament is in relation, behind, with the tendon of the
Triceps and the Anconeu.s in front, with the synovial membrane.
of the capitellum of the

;

The Internal Lateral Ligam'ent (fig. 282) is a thick triangular band consisting
of two portions, an anterior and posterior, united by a thinner intermediate
portion.
The anterior portion, directed obliquely forwards, is attached, above.
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by its apex, to the lowest front part of the internal condyle of the humerus
The
and, below, by its broad base, to the inner margin of the coronoid process.
posterior portion, also of triangular form, is attached, above, by its apex, to the
;

lower and back part of the internal condyle below, to the inner margin of the
olecranon. Between these two bands a few intermediate fibres descend from
the internal condyle to blend with a transverse band of ligamentous tissue which
bridges across the notch between the olecranon and coronoid processes.
This
ligament is in relation, internally, with the Triceps and Flexor carpi ulnaris
muscles, and the ulnar nerve, and gives origin to part of the Flexor sublimis
;

digitorum.

The External Lateral Ligament
less distinct

283) is a short and narrow fibrous band,
to a depression below the external

(fig.

than the internal, attached, above,

condyle of the humerus

below, to the orbicular ligament, some of

;

of the ulna.

This ligament

is

most
margin

its

posterior fibres passing over that ligament, to be inserted into the outer

intimately blended with the tendon of Origin of

the Supinator brevis muscle.

The Synovial Membrane

very extensive. It covers the margin of the
lines the coronoid and olecranon fossae on
that bone
from these points, it is reflected over the anterior, posterior, and
lateral ligaments
and forms a pouch between the lesser sigmoid cavity, the
internal surface of the orbicular ligament, and the circumference of the head of
the radius. Projecting into the cavity is a crescentic fold of synovial membrane,
between the radius and ulna, suggesting the division of the joint into two one
the humero-radial, the other the humero-ulnar.
Between the capsular ligament and the synovial membrane are three masses
of fat
one, the largest, above the olecranon fossa, which is pressed into the
fossa by the Triceps during flexion
a
Fig. 284.
Sagittal section of the
second, over the coronoid fossa and a third
right elbow -joint, taken somewhat
over the radial fossa. These are pressed
obliquely and seen from the radial
into their respective fossae during extension.
aspect.
(After Braune.)
The Muscles in relation with the joint
are, in front, the Brachialis anticus behind,
the Triceps and Anconeus
externally, the
Supinator brevis, and the common tendon
of origin of the Extensor muscles
internally, the common tendon of origin of the
Flexor muscles, and the Flexor carpi
ulnaris, with the ulnar nerve (fig. 284).
The Arteries supplying the joint are
derived from the communicating branches
between the superior profunda, inferior
profunda, and anastomotica magna arteries,
branches of the brachial, with the anterior,
posterior,
and
interosseous
recurrent
branches of the ulna, and the recurrent
branch of the radial. These vessels form
a complete chain of inosculation around
articular surface of the

is

humerus, and

:

;

;

:

;

—

;

;

;

;

the joint.

The Nerves

are derived from the ulnar,
passes between the internal condyle
and the olecranon-; a filament from the
as

it

musculo-cutaneous (Eiidinger), and
from the median (Macalister).

two

—

Actions.
The elbow- joint comprises
three different portions viz. the joint between
:

between the head

of the radius

articulation, described below.

the ulna and humerus, that
and the humerus, and the superior radio-ulnar
All these articular surfaces are invested by a
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common

synovial membrane, and the

studied together.

The combination

movements of the
movements of

of the

vv'hole joint

flexion

should be

and extension

forearm with those of pronation and supination of the hand, w'hich is
by the two being performed at the same joint, is essential to the
accuracy of the various minute movements of the hand.
The portion of the joint between the ulna and humerus is a simple hingejoint, and allows of movements of flexion and extension only.
Giving to the
obliquity of the trochlear surface of the humerus, this movement does not take
so that when the forearm is extended and supinated, the
place in a straight line
axis of the arm and forearm is not in the same line, but the one portion of the
limb forms an angle with the other, and the hand, with the forearm, is directed
outwards. During flexion, on the other hand, the forearm and the hand tend to
approach the middle line of the body, and thus enable the hand to be easily
The shape of the articular surface of the humerus, with its
carried to the face.
prominences and depressions accuratelj' adapted to the opposing surfaces of the
Flexion is produced by the action
olecranon, prevents any lateral movement.
of the Biceps and Brachiahs anticus, assisted by the muscles arising from the
internal condyle of the humerus and the Supinator longus
extension, by the
Triceps and Anconeus, assisted by the extensors of the wrist and by the
Extensor communis digitorum and Extensor minimi digiti.
The joint between the head of the radius and the capitellum or radial head of
the humerus is an arthrodial joint.
The bony surfaces would of themselves
constitute an enarthrosis and allow of movement in all du"ections, were it not for
the orbicular ligament by which the head of the radius is bound down firmly to
the sigmoid cavity of the ulna, and which prevents any separation of the two
bones laterally. It is to the same ligament that the head of the radius owes its
security from dislocation, which would otherwise constantly occur, as a
consequence of the shallowness of the cup-like surface on the head of the radius.
In fact, but for this ligament, the tendon of the Biceps would be liable to pull
the head of the radius out of the joint.* In complete extension, the head of the
radius glides so far back on the outer condyle that its edge is plamly felt at the
back of the articulation. Flexion and extension of the elbow- joint are limited
by the tension of the structures on the front and back of the joint the limitation
of flexion being also aided by the soft structures of the arm and forearm coming
of the

ensiu-ed

;

;

;

in contact.

In combination w^ith any position of flexion or extension, the head of the
radius can be rotated in the upper radio-ulnar joint, carrying the hand with it.
The hand is articulated to the lower surface of the radius only, and the concave
or sigmoid surface on the lower end of the radius travels round the lower end of
the ulna. The latter bone is excluded from the wrist-joint (as will be seen in
the sequel) by the interarticular fibro-cartilage.
Thus, rotation of the head of
the radius round an axis which passes through the centre of the radial head of
the humerus imparts circular movement to the hand through a very considerable
arc.

—

Surface Form. If the forearm be slightly flexed on the arm, a curved crease or fold
with its convexity downwards may be seen running across the front of the elbow, extending
from one condyle to the other. The centre of this fold is some slight distance above the
line of the joint.
The position of the radio-humeral portion of the joint can be at once
ascertained by feeling for a slight groove or depression between the head of the radius and
the capitellum of the humerus at the back of the articulation.
Surgical Anatomy. From the great breadth of the joint, and the manner in which the
articular surfaces are interlocked, and also on account of the strong lateral ligaments and
the support which the joint derives from the mass of miiscles attached to eacli condyle of
the humerus, lateral displacement of the bones is very uncommon. Whereas anteroposterior dislocation, on account of the shortness of the antero-posterior diameter, the
weakness of the anterior and posterior ligaments, and the want of support of muscles,
much more freqiiently takes place. Dislocation backwards takes place when the forearm

—

*

Humphi-y,

op. cit. p. 419.
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is in a position of extension, and forwards when in a position of flexion.
For, in the former
position, that of extension, the coronoid process is not interlocked into the coronoid fossa,
and loses its grip to a certain extent, whereas the olecranon process is in the olecranon

and entirelj^ prevents displacement forwards. On the other hand, during flexion, the
coronoid process is in the coronoid fossa, and prevents dislocation backwards, while the
olecranon loses its grip and is not so efficient, as dining extension, in preventing a forward
displacement. When lateral dislocation does take place it is generally incomplete.
Dislocation of the elbow-joint is of common occurrence in children, far more common
than dislocation of any other articulation, for, as a rule, fracture of a bone more frequently
takes place, under the application of any severe violence, in young persons than dislocation.
In lesions of this joint there is often very great difficulty in ascertaining the exact nature
of the injiurj'.
The elbow-joint is occasionally the seat of acute synovitis. The synovial membrane
then becomes distended with fluid, the bulging showing itself principally around the
olecranon process, that is to say, on its inner and outer sides and above, in consequence of
the laxness of the posterior ligament.
Occasionallj' a well-marked triangular projection
may be seen on the outer side of the olecranon, from bulging of the synovial membrane
beneath the Anconeus muscle. Again, there is often some swelling just above the head of
the radius, in the line of the radio-humeral joint. There is generally not much swelling
at the front of the joint, though sometimes deep-seated fulness beneath the Brachialis
anticus may be noted.
When suppuration occurs the abscess usually points at one or
other border of the Triceps muscle occasionally the pus discharges itself in front, near the
insertion of the Brachialis anticus muscle.
Chronic synovitis, usually of tuberculous origin,
is of common occiu'rence in the elbow-joint
under these circumstances the forearm tends
to assume the position of semi-flexion, which is that of greatest ease and relaxation of
ligaments. It should be borne in mind, that should ankylosis occur in this or the extended
position, the limb will not be nearly so useful as if ankylosed in a position of rather less
than a right angle. Loose cartilages are sometimes met with in the elbow-joint, not so
commonly, however, as in the knee nor do they, as a rule, give rise to such urgent
symptoms as in this articulation, and rarely require operative interference. The elbow-joint
is also sometimes affected with osteo- arthritis, but this affection is less common in this
articulation than in some other of the larger joints.
Excision of the elbow is principally required for three conditions viz. tuberculous
arthritis, injury and its results, and faulty ankylosis
but may be necessary for some other
rarer conditions, such as disorganising arthritis after pyaemia, unreduced dislocations, and
osteo-arthritis.
The results of the operation are, as a rule, more favoin-able than those of
excision of any other joint, and it is one, therefore, that the surgeon should never hesitate
to perform, especially in the first tlnree of the conditions mentioned above.
The operation
is best performed by a single vertical incision down the back of the joint, a transverse
incision, over the outer condyle, being added if the parts are much thickened and fixed.
A straight incision is made about four inches long, the mid-point of which is on a level
with and a little to the inner side of the tip of the olecranon. This incision is made down
to the bone, through the substance of the Triceps muscle.
The operator with the point of
his knife, and guarding the soft parts with his thumb-nail, separates them from the bone.
In domg this there are two structures which he should carefuUy avoid the ulnar nerve,
which lies parallel to his incision, but a little internal, as it courses down between the
internal condyle and the olecranon process, and the prolongation of the Triceps into the
deep fascia of the forearm over the Anconeus muscle. Having cleared the bones and
divided the lateral and posterior ligaments, the forearm is strongly flexed and the
ends of the bone turned out and sawn off'. The section of the humerus should be
through the base of the condyles, that of the ulna and radius should be just below the
In this
level of the lesser sigmoid cavity of the ulna and the neck of the radius.
operation the object is to obtain such union as shall allow free motion of the bones of
the forearm and, therefore, passive motion must be conunenced early that is to say,
about the tenth day.
fossa,

;

:

;

—

—

:

—

;

VI. Eadio-ulnae Aeticulations

The articulation of the radius with the uhia is effected by ligaments, which
connect together both extremities as well as the shafts of these bones. They
may, consequently, be subdivided into three sets: i. The superior radio-ulnar,
which is a portion of the elbow-joint 2. the middle radio-ulnar; and, 3. the

—

;

inferior radio-ulnar articulations.

I.

Superior Eadio-ulnae Aeticulation

This articulation is a trochoid or pivot-joint. The bones entering into its
formatioti are the inner side of the circumference of the head of the radius
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rotating

within the lesser sigmoid cavity of the ulna.

Its only ligament

is

the annular or orbicular.
The Orbicular Ligament (fig. 283) is a strong, fiat band of ligamentous fibres,
which surrounds the head of the radius, and retains it in firm connection with
It forms about four-fifths of an osseo-fibrous
the lesser sigmoid cavity of the ulna.
ring, attached by each end to the extremities of the lesser sigmoid cavity, and is
smaller at the lower part of its circumference than above, by which means the
head of the radius is more securely held in its position. Its outer surface is
strengthened by the external lateral ligament of the elbow, and affords origin to
part of the Supinator brevis muscle.
synovial membrane. The synovial

smooth, and lined by
continuous with that which

Its inner surface is

membrane

is

lines the elbow- joint.

Actions.

— The

rotation of the

movement which

head

takes place in this articulation

of the radius within the orbicular ligament,

lesser sigmoid cavity of the ulna

;

is

limited to

and upon the

rotation forwards being called 'pronation

;

rota-

performed by the Biceps and
Supinator brevis, assisted to a slight extent by the Extensor muscles of the
thumb and, in certain positions, by the Supinator longus. Pronation is performed by the Pronator radii teres and the Pronator quadratus, assisted, in some
positions, by the Supinator longus.
tion backwards,

supination.

Supination

is

—

Surface Form. The position of the superior radio-iilnar joint is marked on the surface
body by the little dimple on the back of the forearm which indicates the position of
the head of the radius.
Surgical Anatomy. Dislocation of the head of the radius alone is not an uncommon
accident, and occurs most frequently in young persons from falls on the hand when the
forearm is extended and supinated, the head of the bone being displaced forward. It is
attended by rupture of the orbicular ligament.

of the

—

2,

The

interval

Middle Eadio-ulnae Articulation

between the shafts

of the radius

and ulna

is

occupied by two

ligaments.
Interosseous.

Oblique.

The Oblique or Round Ligament (fig. 282) is a small, flattened fibrous band,
which extends obliquely downwards and outwards, from the tubercle of the ulna
at the base of the coronoid process to the radius a little below the bicipital
tuberosity.
Its fibres run in the opposite direction to those of the interosseous
ligament and it appears to be placed as a substitute for it in the upper part of
the interosseous interval.
This ligament is sometimes wanting.
The Interosseous Membrane is a broad and thin plane of fibrous tissue
descending obliquely downwards and inwards, from the interosseous ridge on the
radius to that on the ulna.
It is deficient above, commencing about an inch
;

beneath the tubercle

broader in the middle than at either
just above its lower margin for the
passage of the anterior interosseous vessels to the back of the forearm. This
ligament serves to connect the bones, and to increase the extent of surface for
the attachment of the deep muscles. Between its upper border and the oblique
ligament an interval exists, through which the posterior interosseous vessels
pass.
Two or three fibrous bands are occasionally found on the posterior
surface of this membrane, which descend obliquely from the ulna towards the
radius, and which have consequently a direction contrary to that of the other
fibres.
It is in relation, in front, by its upper three-fourths, with the Flexor longus
pollicis on the outer side, and with the Flexor profundus digitorum on the inner,
lying upon the interval between which are the anterior interosseous vessels and
nerve by its lower fourth with the Pronator quadratus behind, with the
Supinator brevis, Extensor ossis metacarpi pollicis, Extensor brevis pollicis.
extremity

;

;

of the radius

;

is

and presents an oval aperture

;

—

r
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Extensor indicis
and, near the
and posterior interosseous nerve.
;

wrist,

with

the

Infebiok Eadio-ulnae Aeticulation

This is a pivot-joint, formed by the head of the u.lna received into the
sigmoid cavity at the inner side of the lower end of the radius. The articular
surfaces are covered by a thin layer of cartilage, and connected together by the
following ligaments
:

Posterior Eadio-ulnar.

Anterior Eadio-ulnar.

Interarticular Fibro-cartilage.

The Anterior Radio-ulnar Ligament (fig. 285) is a narrow band of fibres
extending from the anterior margin of the sigmoid cavity of the radius to the
anterior surface of the

head

of the ulna.

The Posterior Radio-ulnar Ligament
on the posterior surface
Fig. 285.

(fig.

286) extends between similar points

of the articulation.

—Liganieiits of wrist and hand.

Anterior view.

Inferior ra dio-u Ina
articidation

Wrist-joint

,4°

M

Carpal articulations

Piso-uncinate lig.
iso-meiacarpal lig.
C arpo-metacarpal
articulations

The Interarticular Fibro-cartilage (fig. 288) is triangular in shape, and is
placed transversely beneath the head of the ulna, binding the lower end of this
bone and the radius firmly together. Its circumference is thicker than its
It is attached by its apex to
centre, which is thin and occasionally perforated.
a depression which separates the styloid process of the ulna from the head of
that bone
and by its base, which is thin, to the prominent edge of the radius,
which separates the sigmoid cavity from the carpal articulating surface. Its
margins are united to the ligaments of the wrist-joint. Its upper surface, smooth
and concave, articulates with the head of the ulna, forming an arthrodial joint
its under surface, also concave and smooth, forms part of the wrist- joint and
articulates with the cuneiform bone.
Both surfaces are lined by a synovial
membrane the upper surface, by one peculiar to the radio-ulnar articulation
the under surface, by the synovial membrane of the wrist.
The Synovial Membrane (fig. 288) of this articulation has been called, from
its extreme looseness, the viembrana sacciformis
it extends horizontally inwards
;

:

;

;
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between the head of the ulna and the interarbicular fibro-cartilage, and upwards
between the radius and the ulna, forming here a very loose cul-de-sac. The
quantity of synovia which it contains is usually considerable.
Actions.

— The

movement

in the inferior radio-ulnar articulation is just the

It consists of a movement of
reverse of that between the two bones above.
rotation of the lower end of the radius round an axis which corresponds to the
When the radius rotates forwards, pronation of
centre of the head of the ulna.
and when backwards, siqmiation. It will
result
is
the
hand
the forearm and
thus be seen that in pronation and supination of the forearm and hand the radius
describes a segment of a cone, the axis of which extends from the centre of the
head of the radius to the middle of the head of the ulna. In this movement,
;

not quite stationary, but rotates a little in the opposite
also describes the segment of a cone, though of smaller
The movement which causes this alterasize than that described by the radius.

however, the ulna
direction.

So that

is

it

FiG. 286.

—Ligaments of wrist and hand.

Posterior view.

Inferior radio-ulnar
articulation

Wrist-joint

Carpal articidatioi

s

%rJ">P>-

Carjpo-metacarpal
articulations

AJ

r f

"

f^

position of the head of the ulna takes place principally at the
shoulder- joint by a rotation of the humerus, but possibly also to a slight extent
at the elbow-joint.*

tion in the

—

Surface Form. The position of the inferior radio-ulnar joint may be ascertained by
feeling for a slight groove at the back of the wrist, between the prominent head of the
ulna and the lower end of the radius, when the forearm is in a state of almost complete
pronation.

VII. Eadio-cabpal or Wrist-joint

The Wrist is a condyloid articulation. The parts entering into its formation
are the lower end of the radius and under surface of the interarticular fibroand the scaphoid, semilunar,
cartilage, which form together the receiving cavity
;

and cuneiform bones, which form the condyle. The articular surface of the
radius and the under surface of the interarticular fibro-cartilage, the receiving
The articular
cavity, form together a transversely elliptical concave surface.
surfaces of the scaphoid, semilunar, and cuneiform bones form together a
smooth, convex surface, the condyle, which is received into the concavity above
mentioned. All the bony surfaces of the articulation are covered with cartilage,
*

See Journ. of

Ana t. and

Phys., vol. xix. parts

ii., iii.,

and

iv.

—
WEIST-JOINT
and connected together by a capsule, which
ments
External LateraL

is

351

divided into the fohowing hga-

:

Anterior.
Posterior.

Internal Lateral.

The External Lateral Ligament {ixulio-carpal) (fig. 285) extends from the
summit of the styloid process of the radius to the outer side of the scaphoid,
some of its fibres being prolonged to the trapezium and annular hgament.
The Internal Lateral Ligament {ulno.-carpal) is a rounded cord, attached,
above, to the extremity of the styloid process of the ulna and dividing below
two fasciculi, which are attached, one to
Fig. 287. Longitudinal section of
the inner side of the cuneiform bone, the
the right forearm, hand, and third
other to the pisiform bone and annular ligafinger, viewed from the ulnar
ment.
aspect.
(After Braune.
The Anterior Ligament is a broad membranous band, attached, above, to the anterior
;

into

—

of the lower end of the radius, its styits fibres pass
process and the ulna
downwards and inwards to be inserted into
the palmar surface of the scaphoid, semilunar, and cuneiform bones, some of the fibres

margin

loid

;

being

continued to the.

addition to this broad

os

magnum.

membrane, there

In
is

a

rounded fasciculus, superficial to the
rest, which passes from the base of the styloid
process of the ulna to the semihinar and
This ligament is percuneiform bones.
forated by numerous apertures for the passage of vessels, and is in relation, in front,
with the tendons of the Plexor profundus
digitorum and Plexor longus pollicis behind,
distinct

;

with the synovial

membrane

of

the wrist-

joint.

The

Posterior

Ligament

(fig.

thick and strong than the anterior,

2

is

8 6),

less

attached,

above, to the posterior border of the lower end
of the radius
its fibres pass obliquely down;

wards and inwards,

be attached to the

to

dorsal surface of the scaphoid, semilunar,

and

cuneiform bones, being continuous with those
of the dorsal carpal ligaments.
This ligament
is
in relation, behind, with the extensor
tendons of the fingers
in front, with the
;

membrane of the v^ist.
The Synovial Membrane (fig.

synovial

288) fines
the inner surface of the ligaments above
described, extending from the lower end of the
radius and interarticular fibro-cartilage above to the articular surfaces of the
carpa. bones below.
It is loose and lax, and presents numerous folds, especially
behind.
Relations.
The wrist- joint is covered in front by the flexor, and behind by
the extensor tendons
it is also in relation with the radial and ulnar arteries.

—

;

The

and posterior carpal branches
and posterior interosseous, and some
ascending branches from the deep palmar arch.
The Nerves are derived from the ulnar and posterior interosseous.
of

Arteries supplying the joint are the anterior

the radial and ulnar, the

Actions.

— The

anterior

movements permitted

in

this

joint

are flexion, extension.

—

—

•
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Its actions will be further studied
abduction, adduction, and circumduction.
with those of the carpus, wdth which they are combined.

—

The line of the radio-carpal joint is on a level with the apex of the
Siirface Form.
styloid process of the ulna.
Surgical Anatomy. The wrist-joint is rarely dislocated, its strength depending mainly
upon the numerous strong tendons which surround the articulation. Its security is further
provided for by the niunber of small bones of which the carpus is made up, and which
The slight movement which takes place between
are united by very strong ligaments.
the several bones serves to break the jars that result from falls or blows on the hand.
Dislocation backwards, which is the more common, simulates to a considerable extent
The diagnosis can be easily
Colles' fracture of the radius, and is liable to be mistaken for it.
made out by observing the relative position of the styloid processes of the radius and the
ulna.
In the natural condition the styloid process of the radius is on a lower level, i.e.
nearer the ground, when the arm hangs by the side, than that of the uhia, and the same
would be the case in dislocation. In Colles' fracture, on the other hand, the styloid process
of the radius is on the same, or even a higher level than that of the ulna.
The wrist-joint is occasionally the seat of acute s^aiovitis, the result of traumatism, or
When the synovial sac is distended with fluid,
arising in the rheumatic or pyaemic state.
the swelling is greatest on the dorsal aspect of the wrist, showing a general ftilness, with

—

some bulging between the tendons. The inflammation is prone to extend to the interand to attack also the sheaths of the tendons in the neighboiu-hood. Chronic
inflammation of the wrist is generally tuberculous, and often leads to similar disease in the
synovial sheaths of adjacent tendons and of the intercarpal joints. The disease, therefore,
when progressive, often leads to necrosis of the carpal bones, and the result is often
carpal joints

unsatisfactory.

VIII. Articulations of the Cakpus

These articulations may be subdivided into three
1.
2.

3.

I.

The
The
The

Articulations of the First

sets

—

Eow of Carpal Bones.
Eow of Carpal Bones.

Articulations of the Second
Articulations of the

Two Eows

Articulations of the First

These are arthrodial joints.
and cuneiform bones are

Eow

with each other.

of Carpal "Bones

The ligaments connecting the scaphoid, semi-

lunar,

Palmar.

Dorsal.

Two

Interosseous.

The Dorsal Ligaments are placed transversely behind the bones of the first
row; they connect the scaphoid and semilunar, and the semilunar and cuneiform.
The Palmar Ligaments connect the scaj)hoid and semilunar, and the semilunar and cuneiform bones they are less strong than the dorsal, and placed
very deeply under the anterior ligament of the wrist.
The Interosseous Ligaments (fig. 288) are tw-o narrow bundles of fibrous
tissue, connecting the semilunar bone, on one side with the scaphoid, and on the
other with the cuneiform.
They are on a level with the superior surfaces of
these bones, and close the upper part of the spaces between them. Their upper
surfaces are smooth, and form with the bones the convex articular surfa'^-^^ ^* -^he
;

wrist -joint.

The ligaments connecting the pisiform bone

are

Two palmar

Capsular.

ligaments.

membrane which connects the
with a separate synovial membrane.
The two Palmar Ligaments are two strong fibrous bands which con
pisiform to the unciform, the piso -uncinate, and to the base of the fiftj
The Capsular Ligament

bone

to the cuneiform.

is

a thin

It is lined

carpal bone, the plso-vietacariKtl ligament

(fig.

285).

1

—

—

—
OP THE CAEPUS

2.

Articulations of the Second

Eow
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of Carpal Bones

These are also arthrodial joints. The articular surfaces are covered, with
and connected by the following ligaments

cartilage,

:

Palmar.

Dorsal.

Three Interosseous.

The Dorsal Ligaments extend transversely from one bone

to another

on the

dorsal surface, connecting the trapezium with the trapezoid, the trapezoid with

magnum, and the os magnum with the unciform.
The Palmar Ligaments have a similar arrangement on the palmar surface.
The three Interosseous Ligaments, much thicker than those of the first row,
are placed one between the os magnum and the unciform, a second between the
OS magnum and the trapezoid, and a third between the trapezium and trapezoid.
The first of these is much the strongest, and the third is sometimes wanting.
Sometimes a slender interosseous band connects the os magnum and the

the OS

scaphoid.
3.

Articulations of the

Two Eows

of Carpal Bones with bach other

The joint between the scaphoid, semilunar, and cuneiform, and the second
row of the carpus, or the mid-carpal joint, is made up of three distinct portions
in the centre the head of the os magnum and the superior surface of the unciform
articulate with the deep cup-shaped cavity formed by the scaphoid and semilunar bones, and constitute a sort of ball-and-socket joint.
On the outer side
the trapezium and trapezoid articulate with the scaphoid, and on the inner side
;

the unciform articulates with the cuneiform, forming gliding joints.

The ligaments

are

:

Anterior or Palmar.
Posterior or Dorsal.

External Lateral.
Internal Lateral.

or Palmar Ligament consists of short fibres, which pass, for the
from the palmar surface of the bones of the first row to the front of

The Anterior
most

part,

magnum.
The Posterior

the OS

or Dorsal Ligament consists of short, irregular bundles of fibres
passing between the bones of the first and second row on the dorsal surface of

the carpus.

The Lateral Ligaments

are very short

other on the ulnar side of the carpus

;

:

they are placed, one on the radial, the

the former, the stronger and

more

distinct,

connecting the scaphoid and trapezium bones, the latter the cuneiform and unciform they are continuous with the lateral ligaments of the wrist-joint.
The Synovial Membrane of tlie Carpus is very extensive it passes from the
under surface of the scaphoid, semilunar, and cuneiform bones to the upper surface of the bones of the second row, sending upwards two prolongations
between the scaphoid and semilunar, and the semilunar and cuneiform -sending
downwards three prolongations between the four bones of the second row, which
are further continued onwards into the carpo-metacarpal joints of the four inner
metacarpal bones, and also for a short distance between the metacarpal bones.
There is a separate synovial membrane between the pisiform and cuneiform
;

;

—

bones.

— The articulation

hand and wrist, considered as a whole, is
the radius and the interarticular fibro-cartilage
the pisi(2) the meniscus, formed by the scaphoid, semilunar, and cuneiform
form bone having no essential part in the movement of the hand (3) the hand
proper, the metacarpal bones with the four carpal bones on which they are supActions.

divided into three parts

:

of the

(i)

;

—

;

magnum, and unciform. These three
superior (wrist-joint proper), between the

ported, viz. the trapezium, trapezoid, os

elements form two joints

:

(i)

the

AA

AETICULATIONS

354

meniscus and bones of the forearm (2) the inferior, between the hand and
meniscus (transverse or mid-carpal joint).
(i) The articulation between the forearm and carpus is a true condyloid artiFlexion and
culation, and therefore all movements but rotation are permitted.
extension are the most free, and of these a greater amount of extension than
flexion is permitted on account of the articulating surfaces extending further on
the dorsal than on the palmar aspect of the carpal bones. In this movement
the carpal bones rotate on a transverse axis drawn between the tips of the
A certain amount of adduction (or
styloid processes of the radius and ulna.
ulnar flexion) and abduction (or radial flexion) is also permitted. Of these the
former is considerably greater in extent than the latter. In this movement the
carpus revolves upon an antero-posterior axis drawn through the centre of the
Finally, circumduction is permitted by the consecutive movements of
wrist.
adduction, extension, abduction, and flexion, with intermediate movements
between them. There is no rotation, but this is provided for by the supination
and pronation of the radius on the ulna. The movement of flexion is performed
by the Flexor carpi radialis, the Flexor carpi ulnaris, and the Palmaris longus
extension by the Extensor carpi radialis longior et brevior and the Extensor
adduction (ulnar flexion) by the Flexor carpi ulnaris and the
carpi ulnaris
Extensor carpi ulnaris; and abduction {xd^diisA flexion) by the Extensors 6f the
thumb, and the Extensor carpi radialis longior et brevior and the Flexor carpi
;

;

;

radialis.

The chief movements permitted in the transverse or mid-carpal joint are
and extension and a slight amount of rotation. In flexion and extension,
which is the movement most freely enjoyed, the trapezium and trapezoid on the
(2)

flexion

and the unciform on the ulnar side glide forwards and backwards on
the scaphoid and cuneiform respectively, while the head of the os magnum and
the superior surface of the unciform rotate in the cup-shaped cavity of the
scaphoid and semilunar. Flexion at this joint is freer than extension. A very
trifling amount of rotation is also permitted, the head of the os magnum rotating

radial side

round a vertical axis drawn through
slight gliding

movement

its

own

centi-e,

while at the same time a

takes place in the lateral portions of the joint.

IX. Caepo-metacaepal Aeticulations
I.

Aeticulation of the Metacaepal Bone of the Thumb with
THE TeAPEZIUM

This is a joint of reciprocal reception, and enjoys a great freedom of movement, on account of the configuration of its articular surfaces, which are saddleshaped, so that, on section, each bone appears to be received into a cavity in the
Its ligaments are a
other, according to the direction in which they are cut.
capsular ligament and a synovial membrane.
The Capsular Ligament is a thick but loose capsule, which passes from the
circumference of the upper extremity of the metacarpal bone to the rough edge
bounding the articular surface of the trapezium it is thickest externally and
behind, and lined by a separate synovial membrane.
Movements. In the articulation of the metacarpal bone of the thumb with
the trapezium, the movements permitted are flexion, extension, adduction, abducWhen the joint is flexed, the metacarpal bone is
tion, and circumduction.
brought in front of the palm, and the thumb is gradvially turned to the fingers.
It is by this peculiar movement that the tip of the thumb is opposed to the other
for, by slightly flexing the fingers, the palmar surface of the thumb can
digits
be brought in contact with their palmar surfaces one after another.
;

—

;

;

CAEPO-METACAEPAL
2.
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Articulations of the Metacakpal Bones of the Four Inner
Fingers with the Carpus
joints

formed between the carpus and four inner metacarpal bones are
The hgaments are

arthrodial joints.

Palmar.

Dorsal.
Interosseous.

The Dorsal Ligaments, the strongest and most distinct, connect the carpal
and metacarpal bones on their dorsal surface. The second metacarpal bone
receives two fasciculi, one from the trapezium, the other from the trapezoid
the third metacarpal receives two, one from the trapezoid, and one from the os
magnum the fourth two, one from the os magnum, and one from the unciform
the fifth receives a single fasciculus from the unciform bone, which is continuous
with a similar ligament on the palmar surface, forming an incomplete capsule.
The Palmar Ligaments have a somewhat similar arrangement on the palmar
surface, with the exception of the third metacarpal, which has three ligaments,
an external one from the trapezium, situated above the sheath of the tendon of
a middle one from the os magnum and an internal
the Flexor carpi radialis
one from the unciform.
The Interosseous Ligaments consist of short, thick fibres, which are limited
they connect the contiguous
to one part of the carpo-metacarpal articulation
inferior angles of the os magnum and unciform with the adjacent surfaces of the
third and fourth metacarpal bones.
The Synovial Membrane is a continuation of that between the two rows of
Occasionally, the articulation of the unciform with the fourth and
carpal bones.
fifth metacarpal bones
has a
;

;

;

;

;

membrane.
The synovial membranes

—

separate synovial

the wrist and carpus

(fig.

of

288)

Fig. 288. Vertical section through the articulations at the wrist, showing the five synovial

membranes.

thus seen to

be five in
number. The first, the memhrana sacciformis, passes from
the lower end of the ulna to the
sigmoid cavity of the radius,
and lines the upper surface of
the interarticular fibro-cartilage.
The second passes from the
lower end of the radius and
are

interarticular

fibro

-

cartilage

above, to the bones of the

row below.

The

first

most
extensive, passes between the
contiguous margins of the two
rows of carpal bones and between the bones of the second
row to the carpal extremities of
third, the

the four inner metacarpal bones.

The fourth, from the margin

of

the trapezium to the metacarpal

bone of the thumb. The fifth,
between the adjacent margins
of the cuneiform and pisiform
bones.
Actions.

,

— The

movement permitted

in the carpo-metacarpal articulations of

the four inner fingers

is

limited to a slight gliding of the articular surfaces upon

each other, the extent

of

which varies

in the different joints.

Thus the

articulation

A A

2
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metacarpal bone of the Httle finger is most movable, then that of the
The metacarpal bones of the index and middle fingers are almost
immovable.
of the

ring-finger.

3.

The

Aeticulations of the Metacarpal Bones with each other
carpal extremities of the four inner metacarpal bones articulate with

Fig.

289.— Articulations

of the phalanges.

|;

..ATEBAl.

Metacurpo-2jlialangeal
articulation

LICAMCNT-

one another at each side
by small surfaces covered
with cartilage, and connected.
together by dorsal, palmar,
and interosseous ligaments.
The Dorsal and Palmar
Ligaments pass transversely
from one bone to another
on the dorsal and palmar surfaces. The Interosseous Ligaments pass between their contiguous surfaces, just beneath

their lateral articular facets.

The Synovial Membrane
between the

lateral facets

is

from that between the two rows of carpal
a

reflection

bones.

The Transverse Metacarpal Ligament (fig. 289) is a
narrow fibrous band, which
passes transversely across
the anterior surfaces of the
digital extremities of the four
inner metacarpal bones, conIt
necting them together.
is blended anteriorly vnth the
anterior (glenoid) ligament

Phalangeal
articulations

of the

metacarpo-phalangeal

articulations.
terior

border

To
is

its

pos-

connected

the fascia which covers the
Interossei muscles. Its superficial surface is concave where
the flexor tendons pass over
it.

Beneath

it

the tendons of the Interossei muscles pass to their insertion.

X. Metacarpo-phalangeal Articulations

(fig.

289)

These articulations are of the condyloid kind, formed by the reception of the
rounded head of the metacarpal bone into 'a superficial cavity in the extremity
of the first phalanx.

The ligaments
Anterior.

are

:

Two

lateral.

The Anterior Ligaments {Glenoid Ligaments

of Cruveilhier) are thick, dense,

on the palmar surface of the, joints in the intervals
ligaments, to which they are connected; they are loosely

fibrous structures, placed

between the

lateral

united to the metacarpal bone, but very firmly to the base of the first phalanges.
Their palmar surface is intimately blended with the transverse metacarpal ligament, and presents a groove for the passage of the flexor tendons, the sheath
surrounding which is connected to each side of the groove. By their deep

—

—
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surface, they form part of the articular surface for the head of the raetacarpal
bone, and are Hned by a synovial membrane.
The Lateral Ligaments are strong, rounded cords, placed one on each side of

by one extremity to the posterior tubercle on the
metacarpal bone, and by the other to the contiguous

the joint, each being attached
side of the

head

of the

extremity of the phalanx.
Actions.

— The movements which occur
and circumduction

abduction,

adduction,

in these joints are flexion, extension,
;

the lateral

movements

are

very

limited.

—

Surface Form. The prominences of the knuckles do not correspond to the position of
the joints either of the metacarpo-phalangeal or interphalangeal articulations.
These
prominences are invariably formed by the distal ends of the proximal bone of each joint,
and the line indicating the position of the joint must be sought considerably in front of
The usual rule for finding these joints is to flex the distal
the middle of the knuckle.
phalanx on the proximal one to a right angle the position of the joint is then indicated
by an imaginary line drawn along the middle of the lateral aspect of the proximal phalanx.
;

XL

Aeticulations of the Phalanges

These are ginglymus

The ligaments

joints.

Two

Anterior.

The arrangement

are

:

Lateral.

ligaments is similar to those in the metacarpothe extensor tendon supplies the place of a posterior

of these

phalangeal articulations

;

ligament.
Actions.

— The only movements permitted in the phalangeal joints

are flexion

and extension these movements are more extensive between the first and second
phalanges than between the second and third. The movement of flexion is very
considerable, but extension is limited by the anterior and lateral ligaments.
;

AETICULATIONS OF THE LOWEE EXTEEMITY
The articulations of the Lower Extremity comprise the following groups
The hip-joint. II. The knee-joint. III. The articulations between the tibia
and fibula. IV. The ankle-joint. V. The articulations of the tarsus. VI. The
:

I,

VII. Articulations of the metatarsal bones with
VIII. The metatarso-phalangeal articulations. IX. The articulations of the phalanges.
tarso-metatarsal articulations.

each other.

I.

Hip-Joint

(fig.

290)

This articulation is an enarthrodial, or ball-and-socket joint, formed by the
reception of the head of the femur into the cup-shaped cavity of the acetabulum.

The articulating surfaces are covered with cartilage, that on the head of the femur
being thicker at the centre than at the circumference, and covering the entire
surface wdth the exception of a depression just below its centre for the ligamentum
teres
that covering the acetabulum is much thinner at the centre than at the
;

It forms an incomplete cartilaginous ring, of a horseshoe shape,
below and in front, and having in its centre a circular depression, which
is occupied in the recent state by a mass of fat, covered by synovial membrane.
The ligaments of the joint are the

circumference.
deficient

Capsular.

Teres.

Ilio-femoral.

Cotyloid.

Transverse.

The Capsular Ligament is a strong, dense, ligamentous capsule, embracing
the margin of the acetabulum above, and surrounding the neck of the femur
below. Its upper circumference is attached to the acetabulum, two or three lines
external to the cotvloid ligament, above and behind but in front, it is attached
;

;
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hgament, and opposite to the notch where the margin
is connected to the transverse hgament, and by a
Its loioer circumference
of
the obturator foramen.
the
edge
few fibres to
surrounds the neck of the femur, being attached, in front, to the spiral or anterior
intertrochanteric hne above, to the base of the neck behind, to the neck of the
bone, about half an inch above the posterior intertrochanteric line. Prom this
insertion the fibres are reflected upwards over the neck of the femur, forming a
sort of tubular sheath (the cervical reflection), which blends with the periosteum,
and can be traced as far as the articular cartilage. On the surface of the neck
of the femur some of these reflected fibres are raised into longitudinal folds,
termed retinacula. It is much thicker at the upper and fore part of the joint,
where the greatest amount of resistance is required, than below and internally,
where it is thin, loose, and longer than in any other part. It consists of two
The circular fibres are most abundant
sets of fibres, circular and longitudinal.
to the outer

margin

of the

of the cavity is deficient,

it

;

;

Fig. 290.

'at

— Left hip-joint laid open.

the lower and back part of the capsule, while

amount

the longitudinal fibres are

upper and front part of the capsule, where they form
distinct bands, or accessory ligaments, of which the most important is the iliofemoral. The other accessory bands are known as the puho-femoral, passing
from the ilio-pectineal eminence to the front of the capsule ilio-trochanteric,
from the anterior inferior spine of the ilium to the front of the great trochanter
and ischio-ca^JsiUar, passing from the ischium, just below the acetabulum, to
blend with the circular fibres at the lower part of the joint. The external surface
(fig. 275, page 329) is rough, covered by numerous muscles, and separated in
front from the Psoas and Iliacus by a sj^novial bursa, which not unfrequently
communicates, by a circular aperture, with the cavity of the joint. It differs
from the capsular ligament of the shoulder in being much less loose and lax,
and in not being perforated for the passage of a tendon.
The Ilio-femoral Ligament (figs. 275 and 291) is an accessory band of fibres
greatest in

at the

;
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extending obliquely across the front of the joint

it is

;

intimately connected with

the capsular ligament, and serves to strengthen it in this situation.
above, to the lower part of the anterior inferior spine of the ilium

It is attached,
;

and, diverging

below, forms two bands, of which one passes downwards to be inserted into the
the other passes downwards
lower part of the anterior intertrochanteric line
and outwards to be inserted into the upper part of the same line and adjacent
Between the two bands is a thinner part of the
part of the neck of the femur.
Sometimes there is no division, but the ligament spreads out into a
capsule.
flat triangular band, which is attached below into the whole length of the
This ligament is frequently called the Y-shaped
anterior intertrochanteric line.
ligament of Bigelow.
The Ligamentum Teres is a triangular band implanted by its apex into tne
depression a little behind and below the centre of the head of the femur, and by
;

Fig. 291.

—Hip-joint, showing the

femoral ligament.

ilio-

Fig. 292.

(After Bigelow.)

—-Vertical section through

hip-joint.

(Henle.)

(/I

broad base into the margins of the cotyloid notch, becoming blended with
the transverse ligament.
It is formed of connective tissue, surrounded by a
its

tubular sheath of synovial membrane.
Sometimes only the synovial fold exists,
or the ligament may be altogether absent.
The ligament is made tense when
the hip is semiflexed, and the hmb then adducted and rotated outwards it is,
;

on the other hand, relaxed when the limb is abducted. It has, however, but
little influence as a ligament, though it may to a certain extent limit movement,
and would appear to be merely a modification of the folds which in other joints
fringe the margins of reflection of synovial membranes (see page 306).
The Cotyloid Ligament is a fibro-cartilaginous rim attached to the margin of
the acetabulum, the cavity of which it deepens at the same time it protects the
edges of the bone, and fills up the inequalities on its surface. It bridges over the
notch as the transverse ligament, and thus forms a complete circle, which closely
surrounds the head of the femur, and assists in holding it in its place, acting as
a sort of valve.
It is prismoid in form, its base being attached to the margin of
the acetabulum, and its opposite edge being free and sharp
whilst its two
;

;
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surfaces are invested by synovial membrane, the external one being in contact
with the capsular hgament, the internal one being inclined inwards so as to
narrow the acetabulum, and embrace the cartilaginous surface of the head of the

below and in front, and
different points of the
from
arise
which
consists of close compact
circumference of the acetabulum, and interlace with each other at very acute
femur.

It is

much

thicker above and behind than
fibres,

angles.
is in reality a portion of the cotyloid hgament,
having no nests of cartilage cells amongst its fibres.
It consists of strong, flattened fibres, which cross the notch at the low^er part of
Thus an interval is left beneath
the acetabulum, and convert it into a foramen.
to
the joint.
vessels
nutrient
of
passage
for
the
ligament
the

The Transverse Ligament

though

differing

Fig. 293.

from

it

in

— Relation of muscles to the cai^sule of the hip-joint.

From

a drawing

by Mr. F. A. Barton.

The Synovial Membrane is very extensive. Commencing at the margin of
the cartilaginous surface of the head of the femur, it covers all that portion of the
neck which is contained within the joint from the neck it is reflected on the
;

internal surface of the capsular ligament, covers both surfaces of the cotyloid
ligament and the mass of fat contained in the depression at the bottom of the

acetabulum, and

prolonged in the form of a tubular sheath around the ligahead of the femur. It sometimes communicates by
a hole in the capsular ligament between the two limbs of the Y-shaped ligament
with a bursa situated on the under surface of the Ilio-psoas muscle.
The muscles in relation with the joint are, in front, the Psoas and Iliacus,
separated from the capsular ligament by a synovial bursa above, the reflected
head of the Rectus and Gluteus minimus, the latter being closely adherent to the
capsule internally the Obturator externus and Pectineus behind, the Pyriformis,
Gemellus superior, Obturator internus. Gemellus inferior. Obturator externus, and
Quadratus femoris (fig. 293).
The arteries supplying the joint are derived from the obturator, sciatic, in-

mentum

is

teres, as far as the

;

;

ternal circumflex,

;

and

eiuteal.

;
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articular branches from the sacral plexus, great sciatic, obtuaccessory obturator, and a filament from the branch of the anterior crural
supplying the Eectus.
Actions.
The movements of the hip, like those of all enarthrodial joints, are
very extensive they are, flexion, extension, adduction, abduction, circumduction,

The nerves are

rator,

—

;

and

rotation.

The
joint

hip- joint presents a very striking contrast to the other great enarthrodial

— the shoulder— in the much more complete mechanical arrangements for

its

and for the limitation of its movements. In the shoulder, as we have
seen, the head of the humerus is not adapted at all in shape to the glenoid cavity,
and is hardly restrained in any of its ordinary movements by the capsular ligament. In the hip-joint, on the contrary, the head of the femur is closely fitted
to the acetabulum for a distance extending over nearly half a sphere, and at the
margin of the bony cup it is still more closely embraced by the ligamentous ring
of the cotyloid ligament, so that the head of the femur is held in its place by
that ligament even when the fibres of the capsule have been quite divided
(Humphry). The anterior portion of the capsule, described as the ilio-femoral
or accessory ligament, is the strongest of all the ligaments in the body, and is
put on the stretch by any attempt to extend the femur beyond a straight line with
the trunk.
That is to say, this ligament is the chief agent in maintaining the
erect position without muscular fatigue
for a vertical line passing through the
security

;

centre of gravity of the trunk falls behind the centres of rotation in the hip-joints,

and therefore the pelvis tends to fall backwards, but is prevented by the tension
of the ilio-femoral and capsular ligaments.
The security of the joint may be
also provided for by the two bones being directly united throiigh the ligamentum
teres
but it is doubtful whether this so-called ligament can have much influence
upon the mechanism of the joint. Flexion of the hip- joint is arrested by the
soft parts of the thigh and abdomen being brought into contact when the leg is
flexed on the thigh but, when the leg is extended, by the action of the hamstring
muscles * extension by the tension of the ilio-femoral ligament and front of the
capsule adduction by the thighs coming into contact
adduction with flexion by
;

;

;

;

;

the outer

band

of the ilio-fem.oral ligament, the ilio-trochanteric ligament, the

outer part of the capsular ligament
abduction by the inner band of the iliofemoral ligament and the pubo-femoral band rotation outwards by the outer
band of the ilio-femoral ligament and rotation inwards by the ischio-capsular
ligament and the hinder part of the capsule. The muscles which flex the femur
on the pelvis are, the Psoas, Iliacus, Rectus, Sartorius, Pectineus, Adductor longus
and brevis, and the anterior fibres of the Gluteus medius and minimus. Extension is mainly performed by the Gluteus maximus, assisted by the hamstring
muscles. The thigh is adducted by the Adductor magnus, longus and brevis, the
Pectineus, and Gracilis, and abducted by the Gluteus maximus, medius, and
minimus. The muscles which rotate the thigh inwards are the anterior fibres
of the Gluteus medius, the Gluteus minimus, and the Tensor vaginae femoris
while those which rotate it outwards are the posterior fibres of the Gluteus
medius, the Pyriformis, Obturator externus and internus. Gemellus superior and
inferior, Quadratus femoris, Psoas, Iliacus, Gluteus maximus, the three Adductors,
the Pectineus, and the Sartorius.
;

;

;

;

—

Surface Form. A line drawn from the anterior superior spinous process of the ilium to
the most prominent part of the tuberosity of the ischium (Nelaton's hne) runs through
the centre of the acetabulum, and would, therefore, indicate the level of the hip-joint
or, in other words, the upper border of the great trochanter, which lies on Nelaton's line,
is on a level with the centre of the hip-joint.
Surgical Ajiatoiny. In dislocation of the hip, the head of the thigh-bone may rest at
any point around its socket (Brj'ant) but whatever position the head ultimately assumes,

—

'

'

;

* The hip-joint cannot be completely tlesed, in most persons, without at the same
time flexmg the knee, on account of the shortness of the hamstring muscles. ^Cleland,
Journ. of Anat. and Phijs. No. I. Old Series, p. 87.

—

;
:
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the primary displacement is generally downwards and inwards, the capsule giving way at
The situation that the head of the bone
that is, its lower and inner part.
its weakest
subsequently assumes is determined by the degree of flexion or extension, and of outward
or inward rotation of the thigh at the moment of luxation, influenced, no doubt, by the
When, for instance, the head is forced
ilio-femoral ligament, which is not easily ruptiired.
backwards, this ligament forms a fixed axis, round which the head of the bone rotates, and
The ilio-femoral ligament also influences
is thus driven on to the dorsum of the ilium.
the position of the thigh in the various dislocations in the dislocations backwards it in the dislocation on to the jDubes, it is relax( li,
tense, and produces inversion of the limb
and therefore allows the external rotators to evert the thigh while in the thyroid dislocaThe muscles inserted into the upper part of the
tion it is tense, and produces flexion.
femur, with the exception of the Obturator internus, have very little direct influence in
determining the position of the bone. But Bigelow has endeavoured to show that the
Obturator internus is the principal agent in determining whether, in the backward dislocations, the head of the bone shall be iiltimately lodged on the dorsum of the ihum, or in or
near the sciatic notch. In both dislocations the head passes, in the first instance, in the
same direction but, as Bigelow asserts, in the displacement on to the dorsum, the head of
the bone travels up behind the acetabvilum, between the muscle and the pelvis while in
the dislocation into the sciatic notch the head passes behind the muscle, and is therefore
prevented from reaching the dorsum, in consequence of the tendon of the muscle archuig
over the neck of the bone, and so remains in the neighbourhood of the sciatic notch.
Bigelow, therefore, distingmshes these two foi-ms of dislocation by describing them as
dislocations backwards, above and below,' the Obturator intermis.
The ilio-femoral ligament is rarely torn in dislocations of the hip, and this fact is taken
advantage of by the siu'geon in reducing these dislocations by manipulation. It is made
to act as a fulcrum to a lever, of which the long arm is the shaft of the femur, and the
short arm the neck of the bone.
The hip-joint is rarely the seat of acute synovitis from injiu'y, on account of its
deep position and its thick covering of soft parts. Acute inflammation may, and does,
frequently occur as the result of constitutional conditions, as rheumatism, pyaemia, &c.
When, in these cases, effusion takes place, and the joint becomes distended with fluid, the
swelling is not very easy to detect on account of the thickness of the capsule and the depth
of the articulation.
It is principally to be found on the front of the joint, just internal to
the ilio-femoral ligament or behind, at the lower and back part. In these two places the
capsule is thinner than elsewhere. Disease of the hip-joint is miich more frequently of a
chronic character, and is usually of a tuberculous origin. It begins either
the bones or
in the synovial membrane.
More frequently in the former, and probably, in most cases, at
the growing, highly Avascular tissue in the neighbourhood of the epiphysial cartilage. In
this respect it differs ver}- materially from tuberculoiis arthritis of the knee, where the
disease usually commences in the sjmovial membrane.
The reasons for this are two-fold
first, this part being the centre of rapid growth, its nutrition is imstable and apt to pass
into inflammatorj' action
and, secondly, great strain is thrown upon it, from the frequency
of falls and blows upon the hip, which causes crushing of the epiphysial cartilage or the
cancellous tissue in its neighbourhood, with the results likely to follow such an injiu-j'. In
addition to these, the depth of the joint protects it from the causes of S3movitis.
In chronic hip-disease the affected limb assumes an altered position, the cause of which
it is important to understand.
In the earlj' stage of a t^'pical case, the limb is flexed,
abducted, and rotated outwards. In this position all the ligaments of the joint are relaxed:
the front of the capsule by flexion the outer band of the ilio-femoral ligament by abduction
and the inner band of this ligament and the back of the capsule by rotation outwards. It
is, therefore, the position of greatest ease.
The condition is not quite obvious at first, upon
examining a patient. If the patient is laid in the supine position, the affected limb will be
found to be extended and parallel with the other. But it will be foimd that the pelvis is
tilted downwards on the diseased side and the limb apparently longer than its fellow, and
that the lumbar spine is arched forwards (lordosis). If now the thigh is abducted and flexed,
the tilting downwards and the arching forwards of the pelvis disapi^ear. The condition
is thus explained. A limb vt-hich is flexed and abducted is obviously useless for progression,
and, in order to overcome the difficulty, the patient depresses the affected side of his pelvis
in order to i^roduce parallelism of his limbs, and at the same time rotates his pelvis on its
transverse horizontal axis, so as to direct the limb downwards, instead of forwards. In
the later stages of the disease the limb becomes flexed and adducted and inverted. This
position probably depends upon muscular action, at all events as regards the adduction. The
Adductor muscles are supplied by the obturator nerve, which also largely supplies the joint.
These muscles are therefore thrown into reflex action by the irritation of the peripheral
terminations of this nerve in the inflamed articulation.
Osteo-arthritis is not uncommon in the hip-joint, and is said to be more connnon in
the male than in the female, in whom the knee-joint is more frequently affected. It is a
disease of middle age or more advanced period of life.
Congenital dislocation is more commonly met with in the hip-joint than in any other
articulation.
The displacement usually takes place on to the dorsum ilii. It gives rise
to extreme lordosis, and a waddling gait is noticed as soon as the child commences to walk.

—

—

:

i

;

;

;

;

'

;

m

;

;
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Excision of the hip may be required for disease or for injury-, especially gunshot. It
be performed either by an anterior incision or a posterior one. The former
entails less interference with important structures, especially muscles, than the posterior
In these days, however, when the surgeon
one, but permits of less efficient drainage.
aims at securing healing of his wound without suppuration, this second desideratum is
not of so much importance. In the operation in front, the surgeon makes an incision three
to four inches in length, startuag immediately below and external to the anterior superior
spmous process of the ilium, downwards and mwards between the Sartorius and Tensor
vagina; femoris, to the neck of the bone, dividing the capsule at its upper part.
A narrow
bladed saw now divides the neck of the femiu', and the head of the bone is extracted with
sequestrum forceps. All diseased tissue is carefully removed with a sharp spoon or scissors,
and the cavity thorouglily flushed out with a hot antiseptic fluid.
The posterior method consists in making an incision three or four inches long, commencing midway between the top of the great trochanter and the anterior superior spine,
and ending over the shaft, just below the trochanter. The muscles are detached from the
great trochanter, and the capsule opened freely.
The head and neck are freed from the
soft parts and the bone sawn through just below the top of the trochanter with a narrow
saw. The head of the bone is then levered out of the acetabulum. In both operations,
if the acetabulum is eroded, it must be freely gouged.

may

II.

Knee-Joint

The knee-joint was formerly described as a ginglymus or hinge- joint, but is
much more complicated character. It must be regarded as consisting
of three articulations in one
one between each condyle of the femur and the
corresponding tuberosity of the tibia, which are condyloid joints, and one between
the patella and the femur, which is partly arthrodial, but not completely so, since
the articular surfaces are not mutually adapted to each other, so that the movement is not a simple gliding one. This view of the construction of the kneejoint receives confirmation from the study of the articulation in some of the
lower mammals, where three synovial membranes are sometimes found, correreally of a

:

sponding to these three subdivisions, either entirely distinct or only connected
together by small communications.
This view is further rendered probable by
the existence of the two crucial ligaments within the joint, which must be re-

garded as the external and internal lateral ligaments
respectively.

The existence

a tendency to separation of

of the inner and outer joints
ligamentum mucosum would further indicate
the synovial cavity into two minor sacs, one correof the

sponding to each joint.
The bones entering into the formation of the knee-joint are the condyles of
the femur above, the head of the tibia below, and the patella in front.
The bones
are connected together by ligaments, some of which are placed on the exterior of
the joint, while others occupy its interior.
Interior Ligaments

External Ligaments
Anterior, or

Ligamentum Pa-

Anterior, or External Crucial.
Posterior, or Internal Crucial.

tellse.

Posterior, or

Ligamentum Pos-

ticum Winslowii.

Two

Semilunar Fibro-Cartilages.

Internal Lateral.

Transverse.
Coronary.

Two

Ligamentum mucosum.

External Lateral.

Ligamenta

Capsular.

The Anterior Ligament
portion of the

or

common tendon

Ligamentum
of the

Patellae

alaria.
(fig.

Extensor muscles

294)

is

the

of the thigh

central

which

is

continued from the patella to the tubercle of the tibia, supplying the place of an
anterior ligament.
It is a strong, flat, ligamentous band, about three inches in
length, attached, above, to the apex of the patella and the rough depression on
its posterior surface
below, to the lower part of the tubercle of the tibia its
superficial fibres being continuous over the front of the patella with those of the
tendon of the Quadriceps extensor. The lateral portions of the tendon of the
Extensor muscles pass down on either side of the patella, attached to the borders
;

;
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of this bone and its ligament, to be inserted into the upper extremity of the tibia
on each side of the tubercle externally, these portions merge into the capsular
ligament. They are termed lateral patellar ligaments. The posterior surface of
the ligamentum patellae can usually be easily separated from the front of the
;

capsular ligament.
The Posterior Ligament (Ligamentum Posticum Winslowii) (iig. 295) is a
broad, flat, fibrous band, formed of fasciculi separated from one another by
apertures for the passage of vessels and nerves. It is attached above to the upper
margin of the intercondyloid notch of the femur, and below to the posterior
margin of the head of the tibia. Superficial to the main part of the ligament is
a strong fasciculus derived from the tendon of the Semi-membranosus, and passing from the back part of the inner tuberosity of the tibia obliquely upwards and
Fig. 294,- -Plight knee-joint,
view.

Anterior

Fig. 295.

— Plight knee-joint.

Posterior

view.

'

"*

'Wi '^"'r'^"''fi

outwards to the back part of the outer condyle of the femur. The posterior
ligament forms part of the floor of the popliteal space, and the popliteal artery

upon it.
The Internal Lateral Ligament is a
behind than in front, and situated nearer

rests

broad,

flat,

membranous band,

thicker

back than the front of the joint.
It is attached, above, to the inner tuberosity of the femur
below, to the inner
tuberosity and inner surface of the shaft of the tibia, to the extent of about two
inches.
It is crossed, at its lower part, by the tendons of the Sartorius, Gracilis,
and Semi-tendinosus muscles, a synovial bursa being interposed. Its deep surface
covers the anterior portion of the tendon of the Semi-membranosus, with which
it is connected by a few fibres, the synovial membrane of the joint, and the inferior internal articular vessels and nerve
it is intimately adherent to the internal
to the

;

;

semilunar fibro-cartilage.
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a strong, rounded, fibrous cord,

It is attached, above, to
situated nearer to the back than the front of the joint.
the back part of the outer tuberosity of the femur below, to the outer part of the
;

head

of the fibula.

by the tendon of the Biceps, which
separated by the ligament. The ligament
the Popliteus muscle, and the inferior ex-

Its outer surface is covered

divides at its insertion into

two

parts,

the tendon of
ternal articular vessels and nerve.
The Short External Lateral Ligament is an accessory bundle of fibres placed
behind and parallel with the preceding, attached, above, to the lower and back

has passing beneath

it

femur below, to the summit of the styloid
This ligament is intimately connected with the capsular
ligament, and has, passing beneath it, the tendon of the Popliteus muscle, and the
part of the outer tuberosity of the

;

process of the fibula.

and nerve.
The Capsular Ligament consists of an exceedingly thin, but strong, fibrous
membrane, which fills in the intervals left between the stronger bands above
described, and is inseparably connected
with them. In front it blends %vith and
Eight knee-joiut. Showing
Fig. 296.
inferior external articular vessels

—

forms part of the lateral patellar ligaments, and fills in the interval between
the anterior and lateral ligaments of the
joint, with which latter structures it is
Behind, it is strong,
closely connected.

internal ligaments.

and formed chiefly of vertical fibres,
which arise above from the condyles and
intercondyloid notch of the femur, and
is connected below with the back part
of the head of the tibia, being closely
united with the origins of the Gastrocnemius, Plantai'is, and Popliteus musIt passes in front of, but is inseparably connected with, the posterior
cles.

ligament.

The Crucial
ments

are tvfo interosseous liga-

of considerable strength, situated

in the interior

of the joint,

nearer

posterior than its anterior part.

its

They

are called crucial because they cross each

other

X

somewhat

like the lines of the letter

and have received the names anterior
and posterior, from the position of their
;

attachment to the tibia.
The Anterior or External Crucial
Ligament (fig. 296) is attached to the
depression in front of the spine of the
being blended with the anterior
extremity of the external semilunar fibro-

tibia,

and passing obliquely upwards, backwards, and outwards, is inserted
and back part of the outer condyle of the femur. Its direction is
upwards, backwards, and outwards.
The Posterior, or Internal Crucial Ligament, is stronger, but shorter and less
oblique in its direction, than the anterior.
It is attached to the back part of the
depression behind the spine of the tibia, to the popliteal notch, and to the posterior
extremity of the external semilunar fibro-cartilage and passes upwards, forwards,
and inwards, to be inserted into the outer and fore part of the inner condyle of
the femur. As it crosses the anterior crucial ligament, a fasciculus is given ofi'
from it, which blends with the posterior part of that ligament. It is in relation,

cartilage,

into the inner

;

in front,

with the anterior crucial ligament

;

behind, with the capsular ligament.

I
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The Semilunar Fibro-cartilages (fig. 297) are two crescentic lamellae, which
serve to deepen the surface of the head of the tibia, for articulation with the
condyles of the femur. The circumference of each cartilage is thick, convex, and
attached to the inside of the capsule of the knee the inner border is thin,
;

concave, and free. Their upper surfaces are concave, and in relation with tli^condyles of the femur their lower surfaces are flat, and rest upon the head
the tibia.
Each cartiFiG, 297. Head of tibia, with semilunar cartilages, etc.
lage covers nearly the
Seenflomabo^e Bight side
outer two-thirds of the
corresponding articular
surface of the tibia,
leaving the inner third
uncovered
both surfaces are smooth, and
invested by synovial
>

;

.

—

;

membrane.
The Internal Semilunar Fibro- cartilage is
nearly semicircular in
form, a little elongated
from before backwards,
and broader behind
than in front its an^
terior extremity, thin and pointed, is attached to a depression on the anterior
margin of the head of the tibia, in front of the anterior crucial ligament; its
posterior extremity is attached to the depression behind the spine, between the
;

attachments of the external semilunar fibro-cartilage and the posterior crucial
ligaments.

The External Semilunar Fibro-cartilage forms nearly an

entire circle, cover-

ing a larger portion of the articular surface than the internal one. It is grooved
on its outer side for the tendon of the Popliteus muscle. Its extremities, at their
insertion, are interposed between the two extremities of the internal semilunar
fibro-cartilage
the anterior extremity being attached in front of the spine of the
;

and behind, the anterior crucial ligament, with which it
the posterior extremity being attached behind the spine of the tibia, in
front of the posterior extremity of the internal semilunar fibro-cartilage.
Just
before its insertion posteriorly it gives off a strong fasciculus, which passes
obliquely upwards and outwards, to be inserted into the inner condyle of the
tibia to the outer side of,

blends

;

femur, close to the attachment of the posterior crucial ligament.
Occasionally a
small fasciculus is given off, w^hich passes forwards to be inserted into the back
part of the anterior crucial ligament.
The external semilunar fibro-cartilage
gives off from its anterior convex margin a fasciculus, which forms the transverse
ligament.
The Transverse Ligament is a band of fibres which passes transversely
from the anterior convex margin of the external semilunar fibro-cartilage to
the anterior convex margin of the internal semilunar fibro-cartilage its thickness varies considerably in different subjects, and it is sometimes absent
;

altogether.

The Coronary Ligaments are merely portions of the capsular ligament, which
connect the circumference of each of the semilunar fibro-cartilages with the
margin

of the

head

of the tibia.

The Synovial Membrane of the knee-joint
the body. Commencing at the upper border

the largest and most extensive in
it forms a short culde-sac beneath the Quadriceps extensor tendon of the thigh, on the lower part of
the front of the shaft of the femur this communicates with a sjmovial bursa
interposed between the tendon and the front of the femur, by an orifice of variable
size.
On each side of the patella, the synovial membrane extends beneath the
:

is

of the patella,

—
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aponeurosis of the Vasti muscles, and more especially beneath that of the Vastus
Below the patella it is separated from the anterior ligament by the
anterior part of the capsule and a considerable quantity of adipose tissue.
In
this situation it sends off a triangular prolongation, containing a few ligamentous
fibres, which extends from the anterior part of the joint below the patella, to the
This fold has been termed the ligamentum
front of the intercondyloid notch.
mucosum. It also sends off two fringe-like folds, called the ligamenta alaria,
which extend from the
2c
-Longitudinal section through the middle of the
sides of the ligamentum Fig.
internus.

mucosum, upwards
between
laterally
patella and femur.

right knee-joint.

and
the

(After Braune.)

ilM^fifL%^'k^- 'l-ri^./f.

On

either side of the joint,

it

passes downwards from
femur, lining
the
the
capsule to its point of

attachment to the semilunar cartilages
it
may
then be traced over the
upper surfaces of these
;

cartilages

to

their

free

and thence along
their under surfaces to the
At the back part of
tibia.
the external one it forms
a cul-de-sac between the
groove on its surface and
the tendon of the Popborders,

liteus

;

it

surrounds the

crucial ligaments, andlines

the inner surface of the
ligaments which enclose
the joints.

synovial

The pouch of
membrane be-

tween the Extensor tendon and front of the
femur is supported, dur-

movements of the
knee, by a small muscle,
the Subcrureus, which is
ing the

inserted into the upper
part of the capsular liga-

ment.

The folds of synovial
membrane and the fatty
processes contained in them

act, as it seems, mainly as padding to fill up interspaces and obviate concussions.
Sometimes the bursa beneath the Quadriceps
extensor is completely shut off from the rest of the synovial cavity, thus forming
a closed sac between the Quadriceps and the lower part of the front of the femur
;

or

may communicate

it

with the synovial cavity by a minute aperture.

The bursae about the knee-joint are the following
In front there are three bursae one is interposed between the patella and the
skin
another of small size between the upper part of the tuberosity of the tibia
and the ligamentum patellae and a third between the lower part of the tuberosity
of the tibia and the skin.
On the outer side there are four bursse (i) one beneath
the outer head of the Gastrocnemius (which sometimes communicates with the
joint)
(2) one above the external lateral ligament between it and the tendon of
:

:

;

;

:

;
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(3) one beneath the external lateral ligament between it and the
the Popliteus (this is sometimes only an expansion from the next
one beneath the tendon of the Popliteus between it and the condyle

the Biceps

tendon
bursa)

;

of
;

(4)

of the femur,

which

is

almost always an extension from the synovial membrane.

On

(i) one beneath the inner head of the
the inner side there are five bursas
Gastrocnemius, which sends a prolongation between the tendons of the GastrocThis bursa often communicates with the
nemius and Semi-membranosus.
:

one above the internal lateral ligament between it and the tendons
and Semi-tendinosus
(3) one beneath the internal
lateral ligament between it and the tendon of the Semi-membranosus (this is
sometimes onlj'' an expansion from the next bursa) (4) one beneath the tendon
of the Semi-membranosus, between it and the head of the tibia
(5) sometimes
there is a bursa between the tendons of the Semi-membranosus and of the
Semi-tendinosus.
Structures around the Joint. In front and at the sides, the Quadriceps
extensor on the outer side, the tendons of the Biceps and the Popliteus and
on the inner side, the Sartorius, GraciHs, Semithe external popliteal nerve
tendinosus and Semi-membranosus behind, an expansion from the tendon of the
joint
of

;

(2)

the Sartorius, Gracilis,

;

;

;

—

;

;

;

Semi-membranosus, the popliteal vessels, and the internal popliteal nerve,
Popliteus, Plantaris, and inner and outer heads of the Gastrocnemius, some
lymphatic glands, and fat.
The Arteries supplying the joint are derived from the anastomotica magna
branch of the femoral, articular branches of the popliteal, anterior and posterior
recurrent branches of the anterior tibial, and descending branch from the external
circumflex of the Profunda.
The Nerves are derived from the obturator, anterior crural, and external and
internal popliteal.

—

The knee-joint permits of movements of flexion and extension, and,
Actions.
The movement of
in certain positions, of slight rotation inwards and outwards.
flexion and extension does not, however, take place in a simple hinge-like
movement, consisting of a certain
same part of one articular surface is
not always applied to the same xoart of the other articular surface, and the axis
If the joint is examined while in a condition of
of motion is not a fixed one.
in other joints, but is a complicated

manner, as

amount

of gliding

and rotation

;

so that the

extreme flexion, the posterior part of the articular surfaces of the tibia will be^
found to be in contact with the posterior rounded extremities of the condyles of
the femur and if a simple hinge-like movement w^ere to take place, the axis,
round which the revolving movement of the tibia occurs, would be in the back
part of the condyle. If the leg is now brought forwards into a position of semiflexion, the upper surface of the tibia will be seen to glide over the condyles of
the femur, so that the middle part of the articular facets are in contact, and the
axis of rotation must therefore have shifted forwards to nearer the centre of the
condyles. If the leg is now brought into the extended position, a still further
This
gliding takes place, and a further shifting forwards of the axis of rotation.
is not, however, a simple movement, but is accompanied by a certain amount of
rotation outwards round a vertical axis drawn through the centre of the head of
the tibia. This rotation is due to the greater length of the internal condyle and
;

to the fact that the anterior portion of its articular surface is inclined obliquely

In consequence

towards the close of the
complete extension is effected,
the tibia glides obliqu.ely upwards and outwards over this oblique surface on the
inner condyle, and the leg is therefore necessarily rotated outwards. In flexion
of the joint the converse of these movements takes place
the tibia glides backwards round the end of the femur, and at the commencement of the movement
the tibia is directed downwards and inwards along the oblique curve of the inner
condyle, thus causing an inward rotation to the leg.
During fl.exion and extension, the patella moves on the lower end of the

outwards.

movement

of this,

it

will be seen that

of extension, that is to say, just before

:
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not a simple gliding one for if the articular surface
found to present on each side of the central
vertical ridge two less marked transverse ridges, which divide the surface, except
a small portion along the inner border, which is cut off by a slight vertical rido-e,
into six facets (see fig. 299), and therefore does- not
present a uniform curved surface, as would be the case
ttr xi
^^^- 299.— View of the
X
1
rru
f
TJ1
II a simple gliding movement took place,
ihese six
posterior surface of the
three on each side of the median vertical ridge
facets
patella.
Showing diagrammatically the areas
correspond to and denote the parts of the bone respec^^^^^ *^.®
tively in contact with the condyles of the femur during
'^°'?*^<l*
femur, but this
of this

bone

is

examined,

is

it

;

will be

-c^

—

—
r,

•

4.

1

•

•

13

nexion, semi-tlexion,

^

•

,

and extension,

T

in

n
^
flexion, only

f
leniur

,

dinerent positions of the knee.
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the upper facets on the patella are in contact with the
condyles of the femur
the lower two-thirds of the
;

bone rests upon the mass of

fat which occupies the
space between the femur and tibia. In the semi-flexed
position of the joint, the middle facets on the patella
rest upon the most prominent portion of the condyles,
and thus afford greater leverage to the Quadriceps by
increasing its distance from the centre of motion. In

complete extension the patella is drawn up so that
only the lower facets are in contact with the articular
surfaces of the condyles.
The narrow strip along the
inner border is an exception to this, and would appear to be in contact with the
internal condyle throughout its whole extent, in every position of the joint.
As
in the elbow, so it is in the knee
the axis of rotation in flexion and extension is
not precisely at right angles to the axis of the bone, but during flexion there is
a certain amount of alteration of plane
so that, whereas in flexion the femur and
tibia are in the same plane, in extension the one bone forms an angle of about
ten degrees with the other.
There is, however, this difference between the two
extremities that' in the upper, during extension, the humeri are parallel, and the
bones of the forearm diverge in the lower, the femora converge below, and the

—

;

—

;

tibiae

are parallel.

In addition to the slight rotation during flexion and extension, the tibia enjoys
an independent rotation on the condyles of the femur, in certain positions of the
joint.
This movement takes place between the interarticular fibro-cartilages and

whereas the movement

of flexion and extension takes place between
and the femur. So that the knee may be said to
consist of two joints, separated by the fibro-cartilages an upper (menisco-femoral),
in which flexion and extension take place
and a lower (menisco-tibial), allowing
of a certain amount of rotation.
This latter movement can only take place in

the tibia,

the interarticular fibro-cartilages

:

;

the semiflexed position of the limb,

when

all

the ligaments are relaxed.

During flexion the ligamentum patellae is put upon the stretch, as is also the
posterior crucial ligament in extreme flexion.
The other ligaments are all
relaxed by flexion of the joint, though the relaxation of the anterior crucial
ligaraent is very trifling.
Flexion is only checked during life by the contact of
the leg with the thigh.
In extension the ligamentum patellas becomes relaxed,
and, in extreme extension, completely so, so as to allow free lateral movement
to the patella, which then rests on the front of the lower end of the femur.
The
-

other ligaments, with the exception of the posterior crucial, which,

is

partly

on the stretch. When the limb has been brought into a straight
checked mainly by the tension of all the ligaments. except the
posterior crucial and ligamentum patellae.
The movements of rotatioiiyoi which
the knee is capable, are permitted in the semi-flexed condition by the partial
relaxed, are all

line,

extension

is

relaxation of both crucial ligaments, as well as the lateral ligaments.. Eotation
inwards appears to be limited by the tension of the anterior crucial ligament,

and by the interlocking of the two ligaments; but rotation outwards does not
appear to be checked by either crucial ligament, since they uncross during the

;
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execution of this movement, but by the lateral ligaments, especially the internal.
The main function of the crucial ligaments is to act as a direct bond of union
between the tibia and femur, preventing the former bone from being carried too
Thus the anterior crucial ligament prevents the tibia
far backwards or forwards.
being carried too far forwards' by the extensor tendons, and the posterior crucial
checks too great movement backwards by the flexors. They also assist the
lateral ligaments in resisting any lateral bending of the joint.
The interarticular
cartilages are intended, as it seems, to adapt the surface of the tibia to the shape
of the femur to a certain extent, so as to fill up the intervals which would otherwise be left in the varying positions of the joint, and to interrupt the jars which
would be so frequently transmitted up the limb in jumping or falls on the feet
also to permit of the two varieties of motion, flexion and extension, and rotation,
The patella is a great defence to the knee-joint from any
as explained above.
injury inflicted in front, and it distributes upon a large and tolerably even
surface, during kneeling, the pressure which would otherwise fall upon the
prominent ridges of the condyles it also affords leverage to the Quadriceps
extensor muscle to act upon the tibia, and Mr. Ward has pointed out * how this
;

leverage varies in the various positions of the joint, so that the action 'of the
muscle produces velocity at the expense of force in the commencement of
extension, and, on the contrary, at the close of extension tends to diminish
velocity,

and therefore the shock

to the

moment

ligaments at the

tension of

these structures takes place.
Extension of the leg on the thigh

is performed by the Quadriceps extensor.
Flexion by the hamstring muscles, assisted by the Gracilis and Sartorius, and,
indirectly, by the Gastrocnemius, Popliteus, and Plantaris.
Botation oukvards
by the Biceps, and rotation imvards by the Popliteus, Semitendinosus, and, to
a slight extent, the Semimembranosus, the Sartorius, and the Gracilis.

—

Surface Form. The interval between the two bones entering into the formation of the
knee-joint can always easily be felt. If the limb is extended, it is situated on a slightly
but if the limb is slightly flexed, a knife carried
liigher level than the apex of the patella
horizontally backwards immediately below the apex of the patella would pass directly
When the knee-joint is distended with fluid, tlie outline of the synovial
into the joint.
membrane at the front of the knee may be fairly well mapped out.
Surgical Anatomy. From a consideration of the construction of the knee-joint, it would
at first sight appear to be one of the least secure of any of the joints in the body.
It is
formed between the two longest bones, and therefore the amoimt of leverage which can be
brouglit to bear upon it is very considerable the articular surfaces are but ill-adapted to
each other, and the range and varietj^ of motion which it enjoj^s is great. All these circumstances tend to render the articulation very inseciu'e but, nevertheless, on accomit of
the very powerful ligaments which bind the bones together, the joint is one of the strongest
When, on the
in the bodj', and dislocation from traumatism is of very rare occurrence.
other hand, the ligaments have been softened or destroyed by disease, partial displacement
is very liable to occur, and is fi-equently brought about bj' the mere action of the muscles
The tibia may be dislocated in any
displacing the articular surfaces from each other.
forwards, backwards, inwards, or outwards or a combination of
direction from the femur
two of these dislocations maj' occitr that is, the tibia may be dislocated forwards and
and any of these dislocations may be complete or
laterally, or backwards and laterally
incomplete. Asa rule, however, the antero-posterior dislocations are complete, the lateral
ones incomplete.
One or other of the semilunar cartilages may become displaced and nipped between
the femur and tibia. The accident is produced by a twist of the leg when the knee is
flexed, and is accompanied by a sudden pain and fixation of the knee in a flexed position.
The cartilage may be disi^laced either inwards or outwards that is to say, either inwards
towards the tibial spine, so that the cartilage becomes lodged in the intercondyloid notch
or outwards, so that the cartilage projects bej^ond the margin of the two articulating bones.
Acute synovitis, the result of traumatism or exposure to cold, is very common in the knee,
on account of its supei-ficial position. When distended with fluid, the swelhng shows itself
above and at the sides of the patella, reaching about an inch or more above the trochlear
surface of the femur, and extending a little higher undei' the Vastus internus than the
Vastus externus. Occasionally the swelling may extend two inches or more. At the sides
of the patella the swelling extends lower at the inner side than it does on the outer side.
The lower level of the synovial membrane is just above the level of the upper part of the
;

—

;

;

—

;

—
;

:

;

*
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head of the fibula. In the middle line it covers the tipper third of the ligamentum patellae,
being separated from it, however, by the capsule and a little fat. Clironic synovitis
principally shows itself in the form of pulpy degeneration of the synovial membrane, leading
The reasons why tuberculous disease of the knee usually comto tuberculous arthritis.
mences in the synovial membrane appear to be the complex and extensive nature of this
the extensive vascular supply to it and the fact that injuries are generally diffused
sac
and applied to the front of the joint rather than to the ends of the bones. Syphihtic
In the hereditary form of the disease it
disease not unfrequently attacks the knee-joint.
is usually symmetrical, attacking both joints, which become filled with sj'novial effusion,
and is very intractable and difficult of cure. In the tertiary form of the disease, gummatous infiltration of the syno-sdal membrane may take place. The knee is one of the joints
most commonly affected with osteo-arthritis, and is said to be more frequently the seat of
The occurrence of the so-called loose cartilage is
this disease in women than in men.
almost confined to the knee, though they are occasionally met with in the elbow, and,
Many of them occur in cases of osteo-arthritis, in which
rarely, in some other joints.
calcareous or cartilaginous material is formed in one of the synovial fringes and constitutep
the foreign body, and may or may not become detached, in the former case only meriting
the exudation
the usual term, loose cartilage. In other cases they have their origin
of inflammatory lymph, and possibly, in some rare instances, a portion of the articular
cartilage or one of the semilunar cartilages becomes detached and constitutes the foreign
body.
Genu valgum, or knock knee, is a common deformity of childhood, in which, owing to
changes in and about the joint, the angle between the outer border of the tibia and femur
is diminished, so that as the patient stands the two internal condyles of the femora are in
contact, but the two internal malleoli of the tibite are more or less widely separated from
each other. When, however, the knees are flexed to a right angle, the two legs are
At the commencement of the disease tliere is a
practically parallel with each other.
yielding of the internal lateral ligament and other fibrous structures on the inner side of
the jourt as a result of this there is a constant undue pressure of the outer tuberosity
This extra pressure causes arrest
of the tibia against the outer condyle of the femur.
of growth and, possibly, wasting of the outer condyle, and a consequent tendency for the
To prevent this the intei'nal condyle
tibia to become separated from the internal condyle.
becomes depressed probably, as was first pointed out by Mikulicz, by an increased
growth of the lower end of the diaphysis on its inner side, so that the line of the epiph.ysis
becomes oblique instead of transverse to the axis of the bone, with a direction downwards
and inwards.
Excision of the knee-joint is most frequently required for tuberculous disease of this
articvdation, but is also practised in cases of disorganisation of the knee after rheumatic
It is also occasionally called for
fever, pj'aemia, &c., in osteo-arthritis, and in ankylosis.
The operation is best performed either by a
in cases of mjiu-y, gunshot or otherwise.
horseshoe incision, starting from one condyle, descending as low as the tubercle of the
tibia, where it crosses the leg, and, is then carried upward to the other condyle
or bj' a
transverse incision across the patella. In this latter incision the patella is either removed
The bones having been
or sawn across, and the halves subsequently' sutured together.
cleared, and in those cases where the operation is performed for tuberculous disease, all
pulpy tissue having been carefully removed, the section of the femur is first made. This
should never include, in children, more than, at the most, two-thirds of the articular surface, otherwise the epiphysial cartilage will be included, with disastrous results as regards
Afterwai'ds a thin slice should be removed from the upper end of
the growth of the limb.
If anj^ diseased tissue still appears to be left in the
the tibia, not more than half an mch.
bones, it should be removed with the gouge, rather than that a further section of the bones
should be made.
;

;

'

m

'

;

;

;

III.

Aeticulations between the Tibia and Fibula

The articulations between the tibia and fibula are effected by ligaments which
connect both extremities, as well as the shafts of the bones. They may, consequently, be subdivided into three sets:
i. The Superior Tibio-fibular articulation.
2. The Middle Tibio-fibular ligament or interosseous membrane.
3. The

—

Inferior Tibio-fibular articulation.

I.

SUPEEIOB TiBIO-FIBULAE AeTICULATION

This articulation is an arthrodial joint. The contiguous surfaces of the bones
present two flat, oval facets covered with cartilage, and connected together by
the following ligaments
:

Anterior Superior Tibio-fibular.

Capsular.
Posterior Superior Tibio-fibular.

BB

2

;
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The Capsular Ligament

consists of a

articulation, being attached

membranous

round the margins

bag,

which surrounds the
on the

of the articular facets

and fibula, and is much thicker in front than behind.
The Anterior Superior Ligament (fig. 296) consists of two or three Inroad and
flat bands, which pass obliquely upwards and inwards from the front of the head
tibia

of the fibula to the front of the outer tuberosity of the tibia.

The Posterior Superior Ligament (fig. 295) is a single thick and broad band,
which passes upwards and inwards from the back part of the head of tlie fibula
It is covered by the tendon
to the back part of the outer tuberosity of the tibia.
of the Popliteus muscle.

A
part

Synovial

is

2.

An

Membrane

lines this articulation,

which

at its

upper and back

occasionally continuous with that of the knee-joint.

Middle Tibio-fibulak Ligament or Inteeosseous Membrane

membrane extends between the contiguous margins of the
and separates the muscles on the front from those on the back
of the leg.
It consists of a thin, aponeurotic lamina composed of oblique fibres,
which for the most part pass downwards and outwards between the inteross^eous
some few fibres, however, pass in the opposite direcridges on the two bones
It is broader above than below.
tion, dow^nwards and inwards.
Its upper
margin does not quite reach the superior tibio-fibular joint, but presents a free
concave border, above which is a large, oval aperture for the passage of the
tibia

interosseous

and

fibula,

;

anterior tibial vessels forwards to the anterior aspect of the leg.

At its lower part
an opening for the passage of the anterior peroneal vessels. It is continuous
below with the inferior interosseous ligament and is perforated in numerous
It is in relation, in front, with the Tibialis
parts for the passage of small vessels.
anticus. Extensor longus digitorum, Extensor proprius hallucis, Peroneus tertius,
and the anterior tibial vessels and nerve behind, with the Tibialis posticus and
is

;

;

Flexor longus hallucis.
3.

Inferior Tibio-fibular Articulation

This articulation is formed by the rough, convex surface of the inner side of
the lower end of the fibula, connected with a concave rough surface on the outer
Below, to the extent of about two lines, these surfaces are
side of the tibia.
smooth, and covered with cartilage, which is continuous with that of the anklejoint.
The ligaments of this joint are
:

Anterior Inferior Tibio-fibular.
Posterior Inferior Tibio-fibular.

—

Transverse.
Inferior Interosseous.

The Anterior Inferior Ligament (fig. 301) is a flat, triangular band of fibres,
broader below^ than above, which extends obliquely downwards and outwards
between the adjacent margins of the tibia and fibula, on the front aspect of the
It is in relation, in front, with the Peroneus tertius, the aponeurosis
articulation.
behind, with the inferior interosseous ligament
of the leg, and the integument
and lies in contact with the cartilage covering the astragalus.
The Posterior Inferior Ligament, smaller than the preceding, is disposed in a
;

manner on the posterio
The Transverse Ligament is

similar

surface of the articulation.
a long, narrow band, continuous with the pre-

ceding, passing transversely across the back of the joint, from the external
malleolus to the posterior border of the articular surface of the tibia, ahnost

This ligament projects below the margin of the
as far as its malleolar process.
bones, and forms part of the articulating surface for the astragalus.
Interosseous Ligament consists of numerous short, strong,
which pass between the contiguous rough surfaces of the tibia and
This ligament
fibula, and constitute the chief bond of union between the bones.
is continuous, above, with the interosseous membrane.

The

Inferior

fibrous bands,

—
ANKLE-JOINT
The Synovial Membrane
the ankle-joint.
The
Actions.

—

lining the articular surface

movement permitted

slight gliding of the articular surfaces

is

derived from that of

in these articulations is limited to a very

one upon another.

The bones entering

a ginglymus, or hinge-joint.

ation are the lower extremity of the tibia

malleolus of the fibula, which

is

Ankle -Joint

IV.

The Ankle
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and

into its form-

malleolus, and the external
form a mortise to receive the upper convex surface
its

and its two lateral facets. The bony surfaces are covered with
and connected by a capsule, which in places forms thickened bands

of the astragalus

cartilage,

constituting the following ligaments

The Anterior

:

Anterior.

Internal Lateral.

Posterior.

External Lateral.

Ligament (fig. 300) is a broad, thin, membranous
the margin of the articular surface of the tibia below,

Tibio-tarsal

layer, attached, above, to

Fig. 300.

;

—Aulde-joint

:

tarsal

and tarso -metatarsal

Internal view.

Eight

articulations.

side.

Ankle-joint

rsal articulafions ^
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of the astragalus, in
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front of its articular surface.

It

is

in rela-

with the Extensor tendons of the toes, with the tendons of the
Tibialis anticus and Peroneus tertius, and the anterior tibial vessels and nerve
behind, it lies in contact with the synovial membrane.
The Posterior Tibio-tarsal Ligament is very thin, and consists principally of
tion, in front,

;

transverse fibres. It is attached, above, to the margin of the articular surface of
the tibia, blending with the transverse tibio-fibular ligament below, to the
astragalus, behind its superior articular facet.
Externally, where a somewhat
;

thickened band of transverse fibres is attached to the hollow^ on the inner surface
of the external malleolus, it is thicker than internally.
The Internal Lateral or Deltoid Ligament is a strong, fiat, triangular band,
attached, above, to the apex and anterior and posterior borders of the inner malleolus.
The most anterior fibres pass forwards to be inserted into the navicular
bone and the inferior calcaneo-navicular ligament the middle descend almost
;
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perpendicularly to be inserted into the sustentaculum tali of the os calcis and
the posterior fibres pass backwards and outwards to be attached to the inner side
of the astragalus.
This ligament is covered by the tendons of the Tibialis
posticus and Plexor longus digitorum muscles.
The External Lateral Ligament (fig. 301) consists of three distinctly special;

ised fasciculi of the capsule, taking different directions, and separated by distinct
intervals, for

which reason

it

is

described by some anatomists as three distinct

ligaments.*

The anterior fasciculus (anterior astragalo-fibular), the shortest of the three,
passes from the anterior margin of the summit of the external malleolus, downwards and forwards, to the astragalus, in front of its external articular facet.
The posterior fasciculus (posterior astragalo-fibular), the most deeply seated,
passes from the depression at the inner and back part of the external malleolus
to a prominent tubercle on the posterior surface of the astragalus.
Its fibres are
almost horizontal in direction.
Fig. ^01.

-Aiikle-joint

:

tarsal

and tarso-metatarsal

External view.

Eight

articulations.

side.

lai

uiticulation

attirulations

Tat

so

metatarsal
ai ticulations

The middle fasciculus

(calcaneo-fibular), the longest of the three,

is

a narrow,

rounded cord, passing from the apex of the external malleolus downwards and
slightly backwards to a tubercle on the outer surface of the os calcis.
It is
covered by the tendons of the Peroneus longus and brevis.
The Synovial Membrane invests the inner surface of the ligaments, and sends
a duplicature upwards between the lower extremities of the tibia and fibula for a
short distance.
Relations.

— The tendons, vessels, and nerves in connection with the joint

from within outwards, the

in front,

Tibialis

are,

anticus, Extensor proprius hallucis,

digitorum, and
behind, from within outwards, the Tibialis posticus, Plexor
longus digitorum, posterior tibial vessels, posterior tibial nerve. Flexor longus
and, in the groove behind the external malleolus, the tendons of the
hallucis
anterior tibial vessels, anterior tibial nerve, Extensor longus

Peroneus

tertius

;

;

Peroneus longus and

brevis.
*

Humphry On

the STieleton, p. 559.
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Arteries supplying the joint are derived from the malleolar branches of

the anterior tibial and the peroneal.
The Nerves are derived from the anterior

— The movements

and posterior

tibial.

and extension.
The malleoli tightly embrace the astragalus in all positions of the joint, so that
any slight degree of lateral movement which may exist is simply due to
stretching of the inferior tibio-fibular ligaments, and slight bending of the shaft
Of the ligaments, the internal, or deltoid, is of very great power
of the fibula.
so much so, that it usually resists a force which fractures the process of bone to
which it is attached. Its middle portion, together with the middle fasciculus of
the external lateral ligament, binds the bones of the leg firmly to the foot, and
Its anterior and posterior fibres limit
resists displacement in every direction.
extension and flexion of the foot respectively, and the anterior fibres also limit
Actions.

of the joint are those of flexion

The posterior portion of the external lateral ligament assists the
abduction.
middle portion in resisting the displacement of the foot backwards, and deepens
The anterior fasciculus is a
the cavity for the reception of the astragalus.
security against the displacement of the foot forwards, and limits extension of the

—

Section of the right foot near its inner border, di-viding the tibia, astragakis
Fig. 302.
navicular, internal cuneiform, and first metatarsal bone, and the first phalanx of the
great toe.
(After Bramie.)

The movements of abduction and adduction of the foot, together with the
minute changes in form by which it is applied to the ground or takes hold of an
object in climbing, &c., are mainly effected in the tarsal joints
the one which
enjoys the gi'eatest amount of motion being that between the astragalus and os
This is often called the
calcis behind, and the navicular and cuboid in front.
transverse or medio -tar sal joint, and it can, with the subordinate joints of the
tarsus, replace the ankle-joint in a great measure when the latter has become

joint.

;

ankylosed.

Extension of the tarsal bones upon the tibia and fibula is produced by the
Gastrocnemius, Soleus, Plantaris, Tibialis posticus, Peroneus longus and brevis.
Flexor longus digitorum, and Flexor longus hallucis. Flexion, by the Tibialis
anticus, Peroneus tertius. Extensor longus digitorum, and Extensor proprius
hallucis.*
Adduction, in the extended position, is produced by the Tibialis anticus
and posticus and abduction by the Peronei.
;

The student must bear

in mind that the Extensor longus digitorum and Extensor
proprius hallucis are extensors of the toes, hut fiexors of the ankle; and that the Flexor
longus digitorum and Flexor longus haUucis are flexors of the toes, but extensors of the
*

ankle.

—

—
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—

Surface Form. The line of the ankle-joint may be indicated by a transverse line draw n
across the front of the lower part of the leg, about half an inch above the level of the tip
of the internal malleolus.
Surgical Anatomy.- Displacement of the trochlear surface of the astragalus from the
tibio-fibular mortise is not of common occurrence, as the ankle-jomt is a very strong and
powerful articulation, and great force is required to produce it. Nevertheless, dislocation
does occasionally* occur, both in an antero-posterior and a lateral direction. In the latter,
wliich is the most common, fractiu-e is a necessary accompaniment of the injury.
The
dislocation in these cases is somewhat peculiar, and is not a displacement in a horizontally
lateral direction, such as usually occurs in lateral dislocations of ginglymoid jomts,
but the astragalus undergoes a partial rotation round an antero-posterior axis drawn
through its own centre, so that the superior surface, instead of being directed upwards, is
inclined more or less inwards or outwards according to the variety of the displacement.
The ankle-joint is more frequently sprained than any joint in the body, and this may
lead to acute synovitis. In these cases, when the synovial sac is distended with fluid, the
bulging appears principally in the fi'ont of the joint, beneath the anterior tendons, and on
either side, between the Tibialis an.ticiis and the internal lateral ligament on the inner side,
and between the Peroneus tertius and the external lateral ligament on the outer side. In
addition to this, bulging frequently occurs posteriori}', and a fluctuating swelling may be
detected on either side of the tendo Achillis.
Chronic synovitis may result fi'om frequent sprains, and when once this jomt has been
sprained it is more liable to a recurrence of the injury than it was before or it may be tuberculous in its origin, the disease usually commencing in the astragalus and extending to the
joint, though it may commence as a tuberculous synovitis the result probably of some
slight strain in a tuberculous subject;
Excision of the ankle-joint is not often performed, for two reasons. In the first place,
disease of the articulation for which this operation is indicated is frequently associated with
disease of the tarsal bones, which prevents its performance and, secondly, the foot after
excision is frequentlj^ of very little use
far less, in fact, than after a Symes's amputation,
which is often, therefore, a preferable operation in these cases. Excision may, however, be
attempted in cases of tuberculous arthritis, in a young and otherwise healthy subject, where
the disease is limited to the bones forming the joint. It may also be required after injury,
where the vessels and nerves have not been damaged and the patient is young and free
from visceral disease. The excision is best performed by two lateral incisions. One commencing two and a half inches above the external malleolus, carried doAvn the posterior
border of the tibula, round the end of the bone, and then forwards and downwards as far
as the calcaneo-cuboid joint, midway between the tip of the external malleolus and the
tuberosity on the fifth metatarsal bone. Through this incision the fibula is cleared,
the external lateral ligament is divided, and the bone saAvn through at the upper end
of the incision and removed. A similar cmved incision is now made on the inner side
of the foot, commencing two and a half inches above the lower end of the tibia, carried
down the posterior border of the bone, round the internal malleolus and forwards and
downwards to the tuberosity of the navicular bone. Through this incision the tibia is
cleared in front and behind, the internal lateral, the anterior and posterior ligaments divided,
and the end of the tibia protruded through the wound by displacing the foot outwards, and
sawn offsufticientlj'high to secure a healthy section of bone. The articular surface of the
astragalus is now to be sawn off or the whole bone removed. In cases where the operation
is performed for tuberculous arthritis, the latter course is probablj^ preferable, as the injury
done by the saw is frequently' the starting point of fresh caries and after removal of the
whole bone the shortening is not appreciably increased, and the result as regards union
appears to be as good as when two sawn smfaces of bone are brought into apposition.

—

;

;

;

;

V. Articulations of the Tarsus
I.

Articulations of the Os Calcis and Astragalus

between the os caJcis and astragalus are two in number
and posterior. They are arthrodial joints. The bones are connected
together by four ligaments

The

articulations

anterior

:

External Calcaneo-astragaloid.

Posterior Calcaneo-astragaloid.

Internal Calcaneo-astragaloid.

Interosseous.

The External Calcaneo-astragaloid Ligament

(fig.

301)

/
is

a

short, strong

immediately beneath
It is placed in
its external malleolar facet, to the outer surface of the os calcis.
front of the middle fasciculus of the external lateral ligament of the ankle-joint,
with the fibres of which it is parallel.
Tbe Internal Calcaneo-astragaloid Ligament is a band of fibres connecting the
fasciculus, passing

from the outer surface

of the astragalus,

—
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internal tubercle of the back of the astragalus with the back of the sustentaculum

blend with those of the inferior calcaneo-navicular ligament.
(fig. 300) connects the posterior
external tubercle of the astragalus with the upper and inner part of the os
it is a short, narrow band, the fibres of which radiate from their narrow
calcis
attachment to the astragalus.
The Interosseous Ligament forms the chief bond of union between the bones.
It consists of numerous vertical and oblique fibres, attached by one extremity to
the groove between the articulating facets on the under surface of the astragalus
by the other, to a corresponding depression on the upper surface of the os calcis.
It is very thick and strong, being at least an inch in breadth from side to side,
Its fibres

tali.

The Posterior Calcaneo-astragaloid Ligament
;

;

and serves to unite the os

calcis

The Synovial Membranes

and astragalus solidly together.
one
304) are two in number

(fig.

;

for the posterior

calcaneo-astragaloid articulation a second for the anterior calcaneo-astragaloid
The latter synovial membrane is continued forwards between the conjoint.
;

tiguous surfaces of the astragalus and navicular bones.

— The movements permitted between the astragalus and os calcis are

Actions.

limited to a gliding of the one bone on the other in a direction from before back-

and from

w^ards,

2.

side to side.

Aeticulations of the Os Calcis with the Cuboid

The ligaments connecting the
y.

,

Plantar.

os calcis with the cuboid are four in

The Superior Calcaneo-cuboid Ligament
fasciculus,

number

:

j Superior Calcaneo-cuboid.
[ Internal Calcaneo-cuboid (Interosseous).
Long Calcaneo-cuboid.
{ Short Calcaneo-cuboid.
(fig.

301)

is

which passes between the contiguous surfaces

a thin

and narrow
and

of the os calcis

cuboid, on the dorsal surface of the joint.

The Internal Calcaneo-cuboid (Interosseous) Ligament (fig. 301) is a short,
but thick and strong, band of fibres, arising from the os calcis, in the deep hollow
which intervenes between it and the astragalus, and closely blended, at its origin,
with the superior calcaneo-navicular ligament. It is inserted into the inner side
cuboid bone. This ligament forms one of the chief bonds of union between
and second rows of the tarsus.
The Long Calcaneo-cuboid (Long Plantar) Ligament (fig. 303), the more superficial of the two plantar ligaments, is the longest of all the ligaments of the
tarsus
it is
attached to the under surface of the os calcis, from near the
its fibres pass forwards to
tuberosities, as far forwards as the anterior tubercle
be attached to the ridge on the under surface of the cuboid bone, the more
superficial fibres being continued onwards to the bases of the second, third, and
fourth metatarsal bones.
This ligament crosses the groove on the under surface
of the cuboid bone, converting it into a canal for the passage of the tendon of the

of the

the

first

:

;

Peroneus longus.

The Short Calcaneo-cuboid (Short Plantar) Ligament lies nearer to the bones
than the preceding, from which it is separated by a little areolar tissue. It is
exceedingly broad, about an inch in length, and extends from the tubercle, and
the depression in front of it, on the fore part of the under surface of the os calcis,
to the inferior surface of the cuboid bone behind the peroneal groove.
Synovial Membrane. The synovial membrane in this joint is distinct. It

—

lines the inner surface of the ligaments.

Actions.

—The

movements permitted between the
upon each other.

limited to a slight gliding

os calcis and cuboid are

—

:

ARTICULATIONS
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The Ligaments connecting the Os Calcis and Navicular

3.

Though these two bones do not
ligaments

directly articulate, they are connected

by two

:

Superior or External Calcaneo-navicular.
Inferior or Internal Calcaneo-navicular.

The Superior or External Calcaneo-navicular (fig. 301) arises, as already
mentioned, with the internal calcaneo-cuboid in the deep hollow between the
astragalus and os calcis it passes forwards
Fig. 303. Ligaments of plantar surface from the inner side of the anterior extremity
of the foot.
of the OS calcis to the outer side of the navicular bone.
These two ligaments resemble
the letter Y, being blended together behind,
but separated in front.
The Inferior or Internal Calcaneo-navi;

—

(fig. 303) is by far the larger and
stronger of the two ligaments between
these bones it is a broad and thick band

cular

;

which passes forwards and inwards from the anterior margin of the sustentaculum tali of the os calcis to the under
of fibres,

This

surface of the navicular bone.

liga-

ment not only serves to connect the os
calcis and navicular, but supports the head
the astragalus,

of

articular cavity

in

forming part

which

is

it

of

the

received.

The upper surface presents a fibro-cartilaginous facet, lined by the synovial membrane' continued from the anterior calcaneoastragaloid articulation, upon which the
head of the astragalus rests.
Its under
surface is in contact with the tendon of
the Tibialis posticus muscle * its inner
border is blended with the fore part of the
Deltoid ligament, thus coiDapleting the
socket for the head of the astragalus.
;

—

Surgical Anatomy. The inferior calcaneonavicular ligament, by supporting the head of
the astragalus, is principaUy concerned in maintaining the arch of the foot, and, when it yields,
the head of the astragalus is pressed downwards,
inwards, and forwards by the weight of the body,
and the foot becomes flattened, expanded, and turned outwards, constituting the disease
known as fiat-foot. This ligament contains a considerable amount of elastic fibre, so as
hence it is sometimes called the
to give elasticity to the arch and spring to the foot
spring ligament. It is supported, on its under surface, by the tendon of the Tibialis
posticus, which spreads out at its insertion into a number of fasciculi, which are attached
this prevents tmdue stretching of the ligato most of the tarsal and metatarsal bones
ment, and is a protection against the occurrence of flat-foot.
;

'

'

;

4.

Articulation of the Astragalus with the Navicular Bone

The articulation between the astragalus and navicular is an arthrodial joint
the rounded head of the astragalus being received into the concavity formed by
the posterior surface of the navicular, the anterior articulating surface of the
*

Mr. Hancock describes an extension of this ligament upwards on the inner side
which completes the socket of the joint in that direction. Lancet, 1866, vol. i.

of the foot,
p. 618.
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calcaneum, and the upper surface of the inferior calcaneo-navicular hgament,
fiUs up the triangular interval between those bones.
The only ligament
It is a broad band, which
of this joint is the superior astragalo-navicular.
passes obliquely forwards from the neck of the astragalus to the superior surface
It is thin, and weak in texture, and covered by the
of the navicular bone.
Extensor tendons. The inferior calcaneo-navicular supplies the place of an

which

inferior ligament.

The Synovial Membrane which

lines the joint is continued forwards

from the

anterior calcaneo-astragaloid articulation.

—

This articulation permits of considerable mobility but its feebleActions.
ness is such as to allow occasionally of dislocation of the other bones of the
tarsus from the astragalus.
The transverse tarsal or medio-tarsal joint is formed by the articulation of
the OS calcis with the cuboid, and by the articulation of the astragalus wdth the
navicular.
The movement which takes place in this joint is more extensive than
;

that in the other tarsal joints,

which the sole
and outwards.
5.

of the foot

and consists

may be

of a sort of rotation

by means

of

shghtly flexed and extended or carried inwards

The Articulation of the Navicular with the Cuneiform Bones

The navicular

is

connected to the three cuneiform bones by
Dorsal and Plantar ligaments.

The Dorsal Ligaments

are small, longitudinal bands of fibrous tissue, arranged

That bundle of fibres
continued round the
inner side of the articulation to be continuous with the plantar ligament which
connects these two bones.
The Plantar Ligaments have a similar arrangement to those on the dorsum.
They are strengthened by processes given off from the tendon of the Tibialis
as three bundles, one to each of the cuneiform bones.

which connects the navicular with the internal cuneiform

posticus.

is

—

Actions.
The movements permitted between the navicular and cuneiform
bones are limited to a slight gliding upon each other.
The Synovial Membrane of these joints is part of the great tarsal synovial

membrane.
6.

The Articulation of the Navicular with the Cuboid

The navicular bone

is

connected with the cuboid by

Dorsal, Plantar, and Interosseous ligaments.

The Dorsal Ligament consists of a band of fibrous tissue which passes
obliquely forwards and outwards from the navicular to the cuboid bone.
The Plantar Ligament consists of a band of fibrous tissue which passes nearly
transversely between these two bones.
The Interosseous Ligament consists of strong transverse fibres which pass
betw^een the rough non-articular portions of the lateral surfaces of these two
bones.
Actions.
The movements permitted between the navicular and cuboid bones

—

are limited to a slight gliding

The Synovial Membrane
membrane.
7.

upon each
of

other.

this joint is part of the great tarsal synovial

The Articulation of the Cuneiform Bones with each other

These bones are connected together by
Dorsal, Plantar, and Interosseous ligaments.

The Dorsal Ligaments

consist of

two bands

of fibrous tissue

which pass trans-

—

;
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versely one connecting the internal with the middle cuneiform, and the other
connecting the middle with the external cuneiform.
The Plantar Ligaments have a similar arrangement to those on the dorsum.
They are strengthened by the processes given off from the tendon of the Tibialis
:

posticus.

The Interosseous Ligaments consist of strong transverse fibres which pass
between the rough non-articular portions of the lateral surfaces of the adjacent
cuneiform bones.
The Synovial Membrane of these joints is part of the great tarsal synovial
membrane.
Actions.
The movements permitted between the cuneiform bones are limited
to a slight gliding upon each other.

—

'

8.

The Articulation of the External Cuneiform Bone with the Cuboid
These bones are connected together by
Dorsal, Plantar, and Interosseous ligaments.

The Dorsal Ligament consists of a
versely betw^een these two bones.

band

of fibrous tissue

which passes trans-

The Plantar Ligament has a similar arrangement. It is strengthened by a
process given off from the tendon of the Tibialis posticus.
The Interosseous Ligament consists of strong transverse fibres which pass
between the rough non-articular portions of the lateral surfaces of the adjacent
sides of these two bones.
The Synovial Membrane of this joint is part of the great tarsal synovial
membrane.

—

Actions.
The movements permitted betw^een the external cuneiform and
cuboid are limited to a slight gliding upon each other.
Nerve-supply. All the joints of the tarsus are supplied by the anterior tibial

—

nerve.

—

Surgical Anatomy. In spite of the great strength of the ligaments which connect the
bones together, dislocation at some of the tarsal joints does occasionally occur
though, on account of the spongy character of the bones, they are more frequently broken
than dislocated, as the result of violence. When dislocation does occur, it is most
commonly in connection with the astragalus; for not only may this bone be dislocated
from the tibia and fibula at the ankle-joint, but the otlier bones may be dislocated from it,
the trochlear surface of the bone remaiumg in situ in the tibio-fibular mortise.
This
constitutes what is known as the sub-astragaloid dislocation.
Or, again, the astragalus
may be dislocated from all its connections from the tibia and fibula above, the os calcis
below, and the navicular in front and may even undergo a rotation, either on a vertical or
horizontal axis.
In the former case the long axis of the bone becoming directed across
the joint, so that the head faces the articular siu-face on one or other malleolus or, in the
tarsal

—

—

;

latter, tlie lateral surfaces

becoming directed upwards and downwards,

so that the trochlear
occur at the medio-

surface faces to one or the other side. Finally, dislocation may
tarsal joint, the anterior tarsal bones being luxated from the astragalus and
The other tarsal bones are also, occasionally, though rarely, dislocated

calcaneum.
from their

connections.

VI.

Tarso-metatabsal Articulations

The bones entering into their formation are four
and external cuneiform, and the cuboid,
with the metatarsal bones of the five toes. The metatarsal bone

These are arthrodial

joints.

tarsal bones, viz. the internal, middle

which

articulate

that of the second is
with the internal cuneiform
deeply wedged in between the internal and external cuneiform, resting against
the middle cuneiform, and being the most strongly articulated of all the metatarsal bones the third metatarsal articulates with the extremity of the external
cuneiform the fourth, with the cuboid and -external cuneiform and the fifth,
with the cuboid. The articular surfaces are covered with cartilage, lined by
synovial membrane, and connected together by the following ligaments
of the great toe articulates

;

;

;

;

:

Dorsal.

Plantar.

Interosseous.

.
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The Dorsal Ligaments consist of strong, flat, fibrous bands, which connect
The first metatarsal is connected to the
the tarsal with the metatarsal bones.
internal cuneiform by a single broad, thin, fibrous band
the second has three
;

the third has one from the
dorsal ligaments, one from each cuneiform bone
the fourth has two, one from the external cuneiform and
external cuneiform
;

;

one from the cuboid and the fifth, one from the cuboid.
The Plantar Ligaments consist of longitudinal and oblique fibrous bands
connecting the tarsal and metatarsal bones, but disposed with less regularity
than on the dorsal surface. Those for the first and second metatarsal are the
most strongly marked the second and third metatarsal receive strong fibrous
bands, which pass obliquely across from the internal cuneiform
the plantar
ligaments of the fourth and fifth metatarsal consist of a few scanty fibres derived
from the cuboid.
The Interosseous Ligaments are three in number internal, middle, and external.
The internal one passes from the outer extremity of the internal cuneiform
The middle one, less strong
to the adjacent angle of the second metatarsal.
than the preceding, connects the external cuneiform with the adjacent angle of
The external interosseous ligament connects the outer
the second metatarsal.
angle of the external cuneiform with the adjacent side of the third metatarsal.
The Synovial Membrane between the internal cuneiform bone and the first
metatarsal bone is a distinct sac. The synovial membrane between the middle
and external cuneiform behind, and the second and third metatarsal bones in
front, is part of the great tarsal synovial membrane.
Two prolongations are
sent forwards from it, one between the adjacent sides of the second and third
metatarsal bones, and one between the third and fourth metatarsal bones. The"^
synovial membrane between the cuboid and the fourth and fifth metatarsal bones
From it a prolongation is sent forwards between the fourth
is a distinct sac.
and fifth metatarsal bones.
Actions.
The movements permitted between the tarsal and metatarsal bones
are limited to a slight gliding upon each other.
;

;

;

:

—

VII.

Abticulations of the Metataesal Bones with each other

The base
tarsal

of the first metatarsal

bone by any ligaments

;

bone

is

not connected with the second metait resembles the thumb.

in this respect

The bases of the four outer metatarsal bones are connected by dorsal, plantar,
and interosseous ligamei:j,ts.
The Dorsal Ligaments consist of bands of fibrous tissue which pass transversely between the adjacent metatarsal bones.
The Plantar Ligaments have a similar arrangement to those on the dorsum.
The Interosseous Ligaments consist of strong transverse fibres which pass
between the rough non-articular portions of the lateral surfaces.
The Synovial Membrane between the second and third, and the thu'd and
fourth metatarsal bones is part of the great tarsal synovial membrane.
The synovial membrane between the fourth and fifth metatarsal bones is a
prolongation of the synovial
Actions.
is

membrane

of the cubo-metatarsal joint.

— The movement permitted in the tarsal ends

limited to a slight gliding of the articular surfaces

The Synovial Membranes

of the metatarsal

bones

upon one another.

the Tarsal and Metatarsal Joints

in

The Synovial Membranes (fig. 304) found in the articulations of the tarsus
six in number
one for the posterior calcaneo-astragaloid

and metatarsus are
articulation

;

:

a second for the anterior calcaneo-astragaloid

and astragalo-navicular

and a fourth for the
a third for the calcaneo-cuboid articulation
articulations of the navicular with the three cuneiform, the three cuneiform with
each other, the external cuneiform with the cuboid, and the middle and external

articulations

;

;
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thhd metatarsal bones, and the
and fourth metatarsal bones with each
other a fifth for the internal cuneiform with the metatarsal bone of the great
and a sixth for the articulation of the cuboid with the fourth and fifth
toe
metatarsal bones. A small synovial membrane is sometimes found between the
contiguous surfaces of the navicular and cuboid bones.
cuneiforra with the bases of the second and

lateral surfaces of the second, thh-d,
;

;

Nerve-supply.

—The nerves supplying the

from the anterior

tarso-metatarsal joints are derived

tibial.

The digital extremities of all the metatarsal bones are connected together by
the transverse metatarsal ligament.
The Transverse Metatarsal Ligament is a narrow fibrous band which passes
transversely across the anterior extremities of all the metatarsal bones, connecting them together. It is blended anteriorly with the plantar (glenoid) ligament
To its posterior border is cotmected
of the metatarso-phalangeal articulations.
the fascia covering the Interossei muscles. Its superficial surface is concave
where the

flexor tendons pass over

Fig. 304.

it.

Beneath

— Oblique section of the articulations
Showing the

six s^iiovial

it

the tendons of the Interossei

of the tarsus

and metatarsus.

membranes.

muscles pass to their insertion. It differs from the trg^nsverse metacarpal ligain that it connects the metatarsal bone of the great toe with the rest of the

ment

metatarsal bones.

VIII. Metataeso-phalangeal Articulations

The metatarso-phalangeal articulations are of the condyloid kind, formed by
the reception of the rounded head of the metatarsal bone into a superficial cavity
in the extremity of the first phalanx.
The ligaments are
Plantar.

Two

Lateral.

The Plantar Ligaments (Glenoid ligaments of Cruveilhier) are thick, dense,
Each is placed on the plantar surface of the joint in the
interval between the lateral ligaments, to which they are connected they are
fibrous structures.

;

loosely united to the metatarsal bone, but very firmly to the base df the

first

phalanges. Their plantar surface is intimately blended with the transverse
metatarsal ligament, and presents a groove for the passage of the flexor tendons,
By their
the sheath surrounding which is connected to each side of the groove.
deep surface, they form part of the articular surface for the head of the meta-

and are lined by a synovial membrane.
The Lateral Ligaments are strong, rounded cords, placed one on each

tarsal bone,

side of

—
OF THE PHALANGES
bemg attached, by one

the joint, each
side of the

head

of the metatarsal

extremity of the phalanx.
The Posterior Lig-ament
back of the joint.
Actions.

is
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extremity, to the posterior tubercle on the
and, by the other, to the contiguous

bone

;

supplied by the extensor tendon placed over the

—The movements permitted

are flexion, extension, abduction,

in the metatarso-phalangeal articulations

and adduction.

IX. Aeticulations of the Phalanges

The articulations of the phalanges
The ligaments are

are ginglymus joints.

:

Two

Plantar.

The arrangement

these ligaments

of

phalangeal articulations

lateral.

;

is similar to those in the metatarsothe extensor tendon supplies the place of a posterior

ligament.

—

Actions.
The only movements permitted in the phalangeal joints are flexion
and extension these movements are more extensive between the first and second
phalanges than between the second and third. The movement of flexion is very
considerable, but extension is limited by the anterior and lateral ligaments.
;

—

Surface Form. The principal joints which it is necessary to distinguish, with regard to
the surgery of the foot, are the medio-tarsal and the tarso-metatarsal joints.
The joint
between the astragahis and the navicular is best found by means of tlie tubercle of the
navicular bone, for the line of the joint is immediatelj" behind this process. If the foot is^
grasped and forcibly extended, a rounded prominence, the head of the astragalus, will
appear on the inner side of the dorsum in front of the ankle-joint, and if a knife is carried
downwards, just in front of this prominence and behind the line of the navicular tubercle,
it will enter the astragalo-navicular joint.
The calcaneo-cuboid joint is situated midway
between the external malleolus and the ijrominent end of the fifth metatarsal bone. The
plane of the joint is in the same line as that of the astragalo-navicular. Tlie position of
the joint between the fifth metatarsal bone and the cuboid is easily found by the projection
The direction of the line of the joint
of the fifth metatarsal bone, which is the guide to it.
is very oblique, so that, if contmued onwards, it would pass through the head of the first
metatarsal bone. The joint between the fourth metatarsal bone and the cuboid and
external cuneiform is the direct continuation inwards of the previous joint, but its plane
is less oblique
it would be represented by a line dra\\Ti from the outer side of the articulation to the middle of the first metatarsal bone. The plane of the joint between the
It would be
third metatarsal bone and the external cmieiform is almost transverse.
represented by a line drawn from the outer side of the joint to the base of the first metatarsal bone.
The tarso-metatarsal articulation of the great toe corresponds to a groove
which can be felt by making firm pressure on the inner side of the foot one inch in front
of the tubercle on the navicular bone
and the joint between the second metatarsal bone
and the middle cuneiform is to be found on the dorsum of the foot, half an inch behind
the level of the tarso-metatarsal joint of the great toe. The line of the joints between
the metatarsal bones and the first phalanges is about an inch beliind the webs of the
;

;

correspondmg

toes.

THE MUSCLES AND FASCIA*
FTIHE Muscles

X

and

are connected with the hones, cartilages, ligaments,

skin,

either directly or through

the intervention of fibrous' structures, called
Where a muscle is attached to bone or cartilage, the

tendons or aponeuroses.
fibres terminate in blunt extremities upon the periosteum or perichondrium, and
do not come into direct relation with the osseous or cartilaginous tissue. Where
muscles are connected with the skin, they either lie as a flattened layer beneath
it, or are connected with its areolar tissue by larger or smaller bundles of fil^res,
as in the muscles of the face.
The muscles vary extremely in their form. In the limbs, they are of considerable length, especially the more superficial ones, the deep ones being
generally broad they surround the bones, and form an important protection to
the various joints. In the trunk, they are broad, flattened, and expanded, formhence the reason of the
ing the parietes of the cavities which they enclose
terms, lojig, broad, short, etc., used in the description of a muscle.
There is a considerable variation in the arrangement of the fibres of certain
muscles with reference to the tendons to which they are attached. In some, the
these are
fibres are parallel and run directly from their origin to their insertion
A modification of these is found
quadrilateral muscles, such as the Thyro-hyoid.
in the fusiform muscles, in which the fibres are not quite parallel, but slightly
in their action, however, they
curved, so that the muscle tapers at each end
resemble the qiiadrilateral muscles. Secondly, in other muscles the fibres are
arising by a broad origin, they converge to a narrow or pointed
convergent
This arrangement of fibres is found in the triangular muscles e.g. the
insertion.
Temporal. In some muscles, which otherwise would belong to the quadrilateral
or triangular type, the origin and insertion are not in the same plane, but the
plane of the line of origin intersects that of their insertion such is the case in
the Pectineus muscle. Thirdly, in some muscles the fibres are oblique and
converge, like the plumes of a pen, to one side of a tendon, which runs the entire
Such a muscle is rhomboidal or penniform, as the Peronei.
length of the muscle.
A modification of these rhomboidal muscles is found in those cases where oblique
fibres converge to both sides of a central tendon which runs down the middle of
these are called bipenniform, and an example is afforded in the
the muscle
Rectus femoris. Finally, we have muscles in which the fibres are arranged in
The arrangeciirved bundles in one or more planes, as in the Sphincter muscles.
ment of the muscular fibres is of considerable importance in respect to their
Those muscles where the fibres are
relative strength and range of movement.
long and few in number have great range, but diminished strength where, on
;

;

;

;

;

—

:

;

;

* The Muscles and Fasciae are described conjointly, in order that the student may
consider the arrangement of the latter in his dissection of the former. It is rare for the
student of anatomy in this country to have the opportunity of dissecting the fasciae
separately and it is for this reason, as well as from the close connection that exists
between the muscles and their investing sheaths, that they are considered together. Some
general observations are first made on the anatomy of the muscles and fasciae, the special
description being given in connection with the different regions.
;
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other hand, the fibres are short and more numerous, there is great power,
but lessened range.
Muscles differ much in size the Gastrocnemius forms the chief bulk of the
back of the leg, and the fibres of the Sartorius are nearly two feet in length,
whilst the Stapedius, a small muscle of the internal ear, weighs about a grain,
and its fibres are not more than two lines in length.
The names applied to the various muscles have been derived i from their
situation, as the Tibialis, Eadialis, Ulnaris, Peroneus
2, from their direction, as
the Eectus abdominis, Obliqui capitis, Transversalis
3, from their uses, as
Flexors, Extensors, Abductors, etc. 4, from their shape, as the Deltoid, Trapezius,
Ehomboideus 5, from the number of their divisions, as the Biceps, the Triceps
6, from their points of attachment, as the Sterno-cleido-mastoid, Sterno-hyoid,
ttie

:

:

,

;

;

;

;

;

Sterno-thyroid.

In the description of a muscle, the term origin is meant to imply its more
attachment and the term insertion the movable point to which
the force of the muscle is directed but the origin is absolutely fixed in only a
very small number of muscles, such as those of the face, which are attached by
one extremity to the bone, and by the other to the movable integument in the
greater number, the muscle can be made to act from either extremity.
In the dissection of the muscles, the student should pay especial attention to
the exact origin, insertion, and actions of each, and its more important relations
with surrounding parts. An accurate knowledge of the points of attachment of
the muscles is of great importance in the determination of their action. By a
knowledge of the action of the muscles, the surgeon is able to explain the causes
of displacement in various forms of fracture, and the causes which produce
distortion in various deformities, and, consequently, to adopt appropriate treatment in each case. The relations, also, of some of the muscles, especially those
in immediate apposition with the larger blood-vessels, and the surface-markings
they produce, should be especially remembered, as they form useful guides in
fixed or central

;

;

;

the application of a ligature to those vessels.

Tendons are white, glistening, fibrous cords, varying in length and thickness,
sometimes round, sometimes flattened, of considerable strength, and devoid of
elasticity.

They

consist almost entirely of

which have an undulating course

white fibrous tissue, the

parallel with each other,

fibrils of

and are firmly united

together.
They are very sparingly supplied with blood-vessels, the smaller
tendons presenting in their interior not a trace of them. Nerves also are
absent in the smaller tendons but the larger ones, as the tendo Achillis, receive
nerves which accompany the nutrient vessels. The tendons consist principally
of a substance which yields gelatin.
Aponeuroses are flattened or ribbon-shaped tendons, of a pearly-white
;

and similar in structure to the tendons. They are
and the thicker ones only sparingly supplied with blood-

colour, iridescent, glistening,

destitute of nerves,
vessels.

The tendons and aponeuroses

are connected, on the one hand, with the
and, on the other hand, with the movable structures, as the bones,
cartilages, ligaments, and fibrous membranes (for instance, the sclerotic).
Where
the muscular fibres are in a direct line with those of the tendon or aponeurosis,

muscles

;

the two are directly continuous, the muscular fibre being distinguishable from
that of the tendon only by its striation.
But where the muscular fibre joins the

tendon or aponeurosis at an oblique angle, the former terminates, according to
Kolliker, in rounded extremities, which are received into corresponding depressions
on the surface of the latter, the connective tissue between the fibres being continuous with that of the tendon. The latter mode of attachment occurs in all the
penniform and bipenniform muscles, and in those muscles the tendons of which
commence in a membranous form, as the Gastrocnemius and Soleus.
The fasciae (fascia, a bandage)- nve fibro-areolar or aponeurotic laminae, of
variable thickness and strength, found in all regions of the body, investing the

CO
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softer

The

fasciae have been subdivided, from the
two groups, superficial and deep.
found immediately beneath the integument over

and more delicate organs.

situation in wliich they are found, into

The

superficial fascia is

almost the entire surface of the body. It connects the skin with the deep or
aponeurotic fascia, and consists of fibro-areolar tissue, containing in its meshes
In the eyelids and scrotum, where adipose
pellicles of fat in varying quantity.
tissue is rarely deposited, this tissue is very liable to serous infiltration.
The
superficial fascia varies in thickness in different parts of the
it is

body

:

in the groin

so thick as to be capable of being subdivided in several laminae.

Beneath

the fatty layer of the superficial fascia, which is immediately subcutaneous, there
is generally another layer of the same structure, comparatively devoid of adipose
tissue, in which the trunks of the subcutaneous vessels and nerves are found, as
the superficial epigastric vessels in the abdominal region, the radial ar^d ulnar

veins in the forearm, the saphenous veins in the leg and thigh, and the superficial
lymphatic glands certain cutaneous muscles also are situated in the superficial
;

fascia, as the

Platysma myoides

in the neck,

and the Orbicularis palpebrarum

This fascia is most distinct at the lower part of the abdomen,
the scrotum, perinaeum, and extremities
is very thin in those regions where
muscular fibres are inserted into the integument, as on the side of the neck, the
It is very dense in the scalp, in the
face, and around the margin of the anus.
palms of the hands, and soles of the feet, forming a fibro-fatty layer, which binds
the integument firmly to the subjacent structure.
The superficial fascia connects the skin to the subjacent parts, facilitates
the movement of the skin, serves as a soft nidus for the passage of vessels and
nerves to the integument, and retains the warmth of the body, since the fat contained in its areolae is a bad conductor of heat.
The deep fascia is a dense inelastic unyielding fibrous membrane, forming
sheaths for the muscles, and affording them broad surfaces for attachment. It
consists of shining tendinous fibres, placed parallel with one another, and connected together by other fibres disposed in a rectilinear manner. It is usually
exposed on the removal of the superficial fascia, forming a strong investment,
which not only binds down collectively the muscles in each region, but gives a
separate sheath to each, as well as to the vessels and nerves.
The fasciae are
thick in unprotected situations, as on the outer side of a limb, and thinner on the
inner side. The deep fasciae assist the muscles in their action, by the degree of
tension and pressure they make upon their surface
and, in certain situations,
this is increased and regulated by muscular action, as, for instance, by the Tensor
vaginae femoris and Gluteus maximus in the thigh, by the Biceps in the upper
and lower extremities, and Palmaris longus in the hand. In the limbs, the
fasciae not only invest the entire limb, but give off septa which separate the
various muscles, and are attached berieath to the periosteum
these prolongations of fasciae are usually spoken of as intermuscular septa.
The Muscles and Fascise may be arranged, according to the general division
of the body, into those of the cranium, face, and neck
those of the trunk those
of the upper extremity
and those of the lower extremity.

around the

eyelids.

;

:

:

;

;

;

MUSCLES AND FASCIA OF THE CEANIUM AND FACE
The muscles of the Cranium and Face consist of ten groups, arranged according to the region in which they are situated.
Cranial Kegion.
Auricular Eegion.
III. Palpebral Eegion.
IV. Orbital Eegion.
V. Nasal Eegion.
I.

II.

VI. Superior Maxillary Region.
VII. Inferior Maxillary Eegion.
VIII. Intermaxillary Eegion.
IX. Temporo-maxillary Eegion.
X. Pterygo-maxillary Eegion.

—
CEANIAL EEGION
The muscles contained
I.

in

each

of these

:

Compressor nasi.
Compressor narium minor.
Depressor alae nasi.

Occipito-frontaKs.
II.
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groups are the following

Cranial Begion

;

.

AuriciUar Begion.
VI. Superior Maxillary Begion.

Attollens aurem.

Levator labii superioris.
Levator anguli oris.
Zygomaticus major.
Zygomaticus minor.

Attrahens aurem.
Eetrahens aurem.
III. Palpebral Begion.

Orbicularis palpebrarum.

Corrugator

Tensor

VII. Inferior Maxillary Begion.

supercilii.

Levator labii inferioris.
Depressor labii inferioris.
Depressor anguli oris.

tarsi.

IV. Orbital Begion.

Levator palpebrae.
Eectus superior.
Eectus inferior.
Eectus internus.
Eectus externus.
Obliquus superior.
Obliquus inferior.

VIII. Intermaxillary Begion.

Buccinator.
Eisorius.

Orbicularis oris.

IX. Temporo-7naxillary Begion.
Masseter.

V.

Nasal Begion.

Temporal.

Pyramidalis nasi.
Levator labii superioris alseque nasi.

X. Ptery go-maxillary Begion
Pterygoideus externus.
Pterygoideus internus.

Dilatator naris posterior.
Dilatator naris anterior.

I.

Cranial Eegion

— Occipito-fkontalis

—

Dissection (fig. 305). -The head being shaved, and a block placed beneath the back of
the neck, make a vei'tical incision through the skin from before backwards, commencing
at the root of the nose in front, and terminating behind at the occipital protubei-anee
Fig. 305.

— Dissection-of the head,

face,

and neck.

1

•2,

Dissection of scalp

3,

of auricular region

4, 5, 6,

of face

7, S,

make

of nech

a second incision in a horizontal direction along the forehead and round the side of
the head, from the anterior to the posterior extremity of the preceding. Raise the skin
in front, from the subjacent muscle, from below upwards; this must be done with great
care, in order to avoid cutting through the vessels and nerves whiclr lie immediately
beneatli tlie skm.
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—

The Skin of the

This is thicker than in any other part of the body.
Scalp.
adherent to the superficial fascia. The hair-follicles are very
closely set together, and extend throughout the whole thickness of the skin.
It
also contains a number of sebaceous glands.
The superficial fascia in the cranial region is a firm, dense, fibro-fatty layer,
intimately adherent to the integument, and to the Occipito-frontalis and its
It is intimately

Fig. 306.

Corrugator supei

— Muscles of the head, face, and neck.

cilii

Dilatator naris ant.— i^
^
Dilatator naris post.-JA^}

Oppressor alee nasi "^i2i^®~jj

Levator m<

nti

fascia at
it is continuous, behind, with the superficial
tendinous aponeurosis
fascia.
temporal
the
over
continued
the back part of the neck and, laterally, is
much
and
nerves
and
vessels
superficial
the
layers
its
between
It contains
granular fat.
The Occipito-frontalis (fig. 306) is a broad musculo-fibrous layer, which covers
the whole of one side of the vertex of the skull, from the occiput to the eyebrow.
tendinous
It consists of two muscular slips, separated by an intervening
;

;
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(sometimes called the occipitalis muscle) is
half in length
it arises from
the outer two-thirds of the superior curved line of the occipital bone, and from
Its fibres of origin are tendinous, but they
the mastoid portion of the temporal.
soon become muscular, and ascend in a parallel direction to terminate in the
The frontal portion (sometimes called the frontalis
tendinous aponeurosis.
muscle) is thin, of a quadrilateral form, and intimately adherent to the superficial
It is broader, its fibres are longer, and their structure paler than the
fascia.
Its internal fibres are continuous with those of the Pyramidalis
occipital portion.
nasi.
Its middle fibres become blended with the Corrugator supercilii and
Orbicularis palpebrarum
and the outer fibres are also blended with the latter
muscle over the external angular process. According to Theile the innermost
fibres are attached to the nasal bones, the outer to the external angular process
From these attachments, the fibres are directed upwards
of the frontal bone.
and join the aponeurosis below the coronal suture. The inner margins of the
frontal portions of the two muscles are joined together for some distance above
the root of the nose but between the occipital portions there is a considerable,
though variable, interval, which is occupied by the aponeurosis.
The aponeurosis covers the upper part of the vertex of the skull, being
continuous across the middle line with the aponeurosis of the opposite mu.scle.
Behind, it is attached, in the interval between the occipital origins, to the occipital
protuberance and superior curved lines above the attachment of the Trapezius
in front, it forms a short and narrow prolongation between the frontal portions
and on each side it has connected with it the Attollens and Attrahens aurem
muscles
in this situation it loses its aponeurotic character, and is continued
over the temporal fascia to the zygoma as a layer of laminated areolar tissue.
This aponeurosis is closely connected to the integument by the firm, dense, fibrofatty layer, which forms the superficial fascia
it is connected with the pericranium by loose cellular tissue, which allows of a considerable degree of movement of the integument.
aponeurosis.

occipital portion

thin, quadrilateral in form,

and about an inch and a

;

;

;

;

;

;

:

—

Nerves. The frontal portion of the Occipito-frontalis is supplied by the facial
nerve its occipital portion by the posterior auricular branch of the facial, and
sometimes by the occipitalis minor.
Actions.
The frontal portion of the muscle raises the eyebrows and the skin
over the root of the nose, and at the same time di'aws the scalp forwards, throwing
The posterior portion
the integument of the forehead into transverse wrinkles.
draws the scalp backwards. By bringing alternately into action the frontal and
In
occipital portions the entire scalp may be moved forwards and backwards.
the ordinary action of the muscles, the eyebrows are elevated, and at the same
time the aponeurosis is fixed by the posterior portion, thus giving to the face the
expression of surprise if the action is more exaggerated, the eyebrows are still
further raised, and the skin of the forehead thrown into transverse wrinkles, as
;

—

:

in the expression of fright or horror.

II.

Auriculae Ebgion

(fig.

306)

Attollens aurem.
Attrahens aurem.
Eetrahens aurem.

These three small muscles are placed immediately beneath the skin around
the external ear.
In man, in whom the external ear is almost immovable, they

They are the analogues
mammalia.

are rudimentary.

some

of the

of large

and important muscles

in

performed in the following
— —This requires considerable care, and should be

Dissection.

manner
^To expose the Attollens aurem, draw the pinna or broad part of the ear downwards, when a tense band will be felt beneath the skin, passing from the side of the head
;

upper part of the concha by dividing the skin over this band, in a direction from
below upwards, and then reflecting it on each side, the muscle is exposed. To bring into

to the

;
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draw the heHx backwarcls by means of a hook, when the muscle
and may be exposed in a similar manner to the preceding. To expose
the Retrahens aurem, draw the pinna forwards, when the mtiscle, being made tense, may
be felt beneath the skin, at its insertion into the back part of the concha, and may be
exposed in the same manner as the other muscles.

view the Attrahens
will be

made

atireui,

tense,

The Attrahens aurem {Auricularis anterior), the smallest of the three, is thin,
fan-shaped, and its fibres pale and indistinct they arise from the lateral edge of
the aponeurosis of the Occipito-frontalis, and converge to be inserted into a
projection on the front of the helix.
Relations.
deeply, with the areolar tissue
Superficially, with the skin
;

—

;

derived from the aponeurosis of the Occipito-frontalis, beneath which are the
temporal artery and vein and the temporal fascia.
The Attollens aurem {Auricularis superior), the largest of the three, is thin
^

and fan-shaped its fibres arise from the aponeurosis of the Occipito-frontalis,
and converge to be inserted by a thin, flattened tendon into the upper part of
:

the cranial surface of the pinna.
Relations.
Superficially, with

—

tissue derived

the

from the aponeurosis

integument

;

deeply,

of the Occipito-frontalis,

with the areolar
beneath which is

the temporal fascia.

The Retrahens aurem {Auricularis posterior) consists of two or three fleshy
which arise from the mastoid portion of the temporal bone by short
aponeurotic fibres. They are inserted into the lower part of the cranial surface

fasciculi,

of the concha.

—

Relations.
Superficially, with the integument
portion of the temporal bone.

Nerves.

branch
branch

— The Attrahens

of the facial

;

;

deeply, with

the

mastoid

and Attollens aurem are supplied by the temporal
aurem is supplied by the posterior auricular

the Eetrahens

same nerve.
man, these muscles possess very little action the Attrahens
aurem draws the ear forwards and upwards the Attollens aurem slightly raises
it
and the Retrahens aurem draws it backwards.
of the

Actions.

—In

:

;

;

III.

Palpebkal Region

Orbicularis palpebrarum.

Corrugator

supercilii.

(fig.

306)

Levator palpebrse.
Tensor tarsi.

—

Dissection (fig. 305). In order to expose the muscles of the face, continue the longitudinal incision, made in the dissection of the Occipito-frontalis, down the median line of
the face to the tip of the nose, and from this point onwards to the upper lip and carry
another incision along the margin of the lip to the angle of the ixiouth, and transversely
across the face to the angle of the jaw.
Then make an incision in front of the external
ear, from the angle of the jaw upwards, to join the transverse incision made in exposingthe Occipito-frontalis. These incisions include a square-shaped flap, which should be
removed in the direction marked in the figure, with care, as the muscles at some points
are intimately adlierent to the integument.
;

The Orbicularis palpebrarum is a sphincter muscle, which surrounds the
circumference of the orbit and eyelids. It arises from the internal angular
process of the frontal bone, from the nasal process of the superior maxillary in
front of the lachrymal groove for the nasal duct, and from the anterior surface
and borders of a short tendon, the tendo oculi, or internal tarsal ligament, placed
at the inner angle of the orbit.
From this origin, the fibres are directed outwards, forming a broad, thin, and flat layer, which covers the eyelids, surrounds
the circumference of the orbit, and spreads out over the temple, and downwards
on the cheek. The palpebral portion (ciliaris) of the Orbicularis is thin and
pale it arises from the bifurcation of the tendo palpebrarum, and forms a series
of concentric curves, which are inserted on the outer side of the eyelids into the
external tarsal ligament.
The orbital portion (orbicularis latus) is thicker and
;

PALPEBEAL EEGION
of a

reddish colour

The upper

:

its

;9i

and form complete ellipses.
blend with the Occipito-frontalis and Corruoator

fibres are well developed,

fibres of this portion

supercilii.

— B}^

its superficial surface, with the integument.
By its deep
with the Occipito-frontalis and Corrugator supercihi, with which
it is intimately blended, and with the supra-orbital vessels and nerve
below, it
covers the lachrymal sac, and the origin of the Levator labii superioris algeque
nasi, the Levator labii superioris, and the Zygomaticus minor muscles.
Internally, it is occasionally blended with the Pyramidahs nasi.
Externally, it lies
on the temporal fascia. On the eyelids, it is separated from the conjunctiva by
the Levator palpebrae, the tarsal ligaments, the tarsal plates, and the Meibomian

Relations.

surface, above,

;

glands.

The tenclo oculi (internal tarsal ligament) is a short tendon,
length and one in breadth, attached to the nasal process
maxillary bone in front of the
lachrymal groove for the nasal Fig. 307. Horner's muscle.
tion in the Museum of the
duct.
Crossing the lachrymal sac,
Surgeons of England.)
in

—

it

divides

into

two

parts,

extremity

the

of

HORNER'S MUSCLE

corresponding

the posterior

which

a prepara-

Royal College of
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given off from

surface,

(From

/

the lachrymal sac, a strong apois

the superior

'

As the tendon crosses

neurotic lamina

of

each

division being attached to the inner
tarsal plate.

about two lines

PUNCTA

ex-

I-ACHRYIVIA-

'

Llfl,

pands over the sac, and is attached
to the ridge on the lachrymal bone.
This is the reflected aponeurosis
of the tendo oculi.
The external tarsal ligament is
a much weaker structure than the
tendo oculi, and does not divide. It
is attached to the margin of the
frontal process of the malar bone,
and passes inwards to the outer
commissure of the eyelids it connects together the outer extremities
of the two tarsal cartilages.

'

,

f''

.-<>^'\

f,

\
P'\^PCBRARUM

i

/.

LEV Lft3 SUP.
ALS-CJUC WASl

;

—

Use of Tendo oculi. Besides
giving attachment to part of the
Orbicularis palpebrarum, and to
the tarsal plates, it serves to suck
the tears into the lachrymal sac, by

I

\

J

Thvis, each time
its attachment to the sac.
the eyelids are closed, the tendo oculi becomes tightened, through the action of
the Orbicularis, and draws the wall of the lachrymal sac outwards and forwards,
so that a vacuum is made in the sac, and the tears are sucked along the lachry-

mal canals into it.
The Corrugator

supercilii is a small, narrow, pyramidal muscle, placed at
the inner extremity of the eyebrow, beneath the Occipito-frontalis and Orbicularis
palpebrarum muscles. It arises from the inner extremity of the superciliary
ridge
whence its fibres pass upwards and outwards, and, passing between the
;

palpebral and orbital portions of the Orbicularis palpebrarum, are inserted into
the deep surface of the skin, opposite the middle of the orbital arch.
Relations.
By its anterior surface, with the Occipito-frontalis and Orbicularis
palpebrarum muscles. By its posterior surface, with the frontal bone and supra-

—

trochlear nerve.

The Levator palpebrae
region.

will be described

with the muscles

of

the

orbital
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The Tensor tarsi (Horner's muscle) (fig. 307) is a small thin muscle, about
three lines in breadth and six in length, situated at the inner side of the orbit,
behind the tendo oculi. It arises from the crest and adjacent part of the orbital
surface of the lachrymal bone, and, passing across the lachrymal sac, divides
into two slips, which cover the lachrymal canals, and are inserted into the tarsal
plates internal to the puncta lachrymalia.

Its fibres appear to be continuous
with those of the palpebral portion of the Orbicularis palpebrarum
it
is
occasionally very indistinct.
Nerves. The Orbicularis palpebrarum, Corrugator supercilii, and Tensor
;

—
by the facial nerve.
Actions. — The Orbicularis palpebrarum

tarsi are supplied

The palpebral portion

is

the sphincter muscle of the eyelids.

acts involuntarily, closing the lids gently, as in sleep or in

the orbicular portion is subject to the will. When the entire muscle
brought into action, the skin of the forehead, temple, and cheek is drawn
inwards towards the inner angle of the orbit, and the eyelids are firmly closed
as in photophobia.
When the skin of the forehead, temple, and cheek is thus
drawn inwards by the action of the muscle it is thrown into folds, especially
radiating from the outer angle of the eyelids, which give rise in old age to the
so-called crow's feet.'
The Levator palpebrae is the direct antagonist of this
muscle it raises the upper eyelid and exposes the globe. The Corrugator
supercilii draws the eyebrow downwards and inwards, producing the vertical
wrinkles of the forehead. It is the frowning muscle, and may be regarded as
the principal agent in the expression of suffering. The Tensor tarsi draws the
eyelids and the extremities of the lachiymal canals inwards and compresses
them against the surface of the globe of the eye thus placing them in the most
favourable situation for receiving the tears. It serves, also, to compress the
lachrymal sac.
blinking

;

is

'

;

'

'

;

IV. Orbital Eegion

Levator palpebrae superioris.
Eectus superior.
Eectus inferior.

'

.

ObKquus

308)

(fig.

Eectus internus.
Eectus externus.
Obliquus oculi superior.

oculi inferior.

Disseetion. -To open the cavity of the orbit, remove the skull-cap and brain then saw
through the frontal bone at the inner extremity of the supra-orbital ridge, and externally
at its junction with the malar.
Break in pieces the thin I'oof of the orbit by a few slight
blows of the hammer, and take it away drive fonv^ard the superciliary portion of the
frontal bone by a smart stroke, but do not remove it, as that would destroy the pulley of
the Obliqiius superior. When the fragments are cleared away, the periosteum of the
orbit will be exposed
this being removed, together with the fat which fiUs the cavity of
the orbit, the several muscles of this region can be examined. The dissection will be
facilitated by distending the globe of the eye.
In order to effect this, puncture the optic
nerve near the eyeball with a curved needle, and push the needle onwards into the globe
insert the point of a blow pipe through this aperttu-e, and force a little air into the cavity
of the ej^eball tlien apply a ligatiu'e round the nerve so as to prevent the air escaping.
The globe being now drawn forwards, the nauscles will be put upon the stretch.
;

;

;

;

;

The Levator palpebrge

It
superioris is thin, flat, and triangular in shape.
from the under surface of the lesser wing of the sphenoid, above and in
front of the optic foramen, from which it is separated by the origin of the Superior
rectus.
At its origin, it is narrow and tendinous, but soon becomes broad and
fleshy, and finally terminates in a broad aponeurosis, which is inserted into the
upper margin of the superior tarsal plate. From this aponeurosis a thin expansion is continued onwards, passing between the fibres of the Orbicularis to
be inserted into the skin of the lid, and some deeper fibres blend with an expansion
from the sheath of the Superior rectus muscle, and are with it prolonged into the

arises

conjunctiva.
Relations.'
artery,

— By

its

upper surface, with the frontal nerve, the supra-orbital
of the orbit
and, in the lid, with the inner surface

and the periosteum

;

OEBITAL EEGION
of the tarsal ligament.

the

lid,

By

its

with the conjunctiva.
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under surface, with the Superior rectus and, in
small branch of the third nerve enters its under
;

A

surface.

The Superior

and narrowest

rectus, the thinnest

of the four Eecti, arises

from

the upper margin of the optic foramen beneath the Levator palpebrge, and from
the fibrous sheath of the optic nerve and is inserted, by a tendinous expansion,
;

the sclerotic coat, about three or four lines from the margin of the cornea.
Relations.
By its ui^per surface, with the Levator palpebrae. By its under

iiito

—

with the optic nerve, the ophthalmic artery, the nasal nerve, and the
branch of the third nerve which supplies it and, in front, with the tendon of
the Superior oblique, and the globe of the eye.
The Inferior and Internal Recti arise by a common tendon (the ligament of
Zinn),* which is attached round the circumference of the optic foramen, except
The External rectus has two heads the upper one
at its upper and outer part.
arises from the outer margin of the optic foramen immediately beneath the
Superior rectus the lower head, partly from the hgament of Zinn, and partly
from a small pointed process of bone on the lower margin of the sphenoidal
surface,

;

:

;

Fig. 308.

fissure.

Each

— Muscles of the right

orbit.

mu.scle passes forward in the position implied by

inserted by a tendinous expansion (the

tumca alhuginea)

its

name,

to be

into the sclerotic coat,

about three or four lines from the mai"gin of the cornea. Between the two
heads of the External rectus is a narrow interval, through which passes the
third, the nasal branch of the ophthalmic division of the fifth and the sixth nerves,
and the ophthalmic vein. Although nearly all of these muscles present a common

and are inserted in a similar manner into the sclerotic coat, there are
certain differences to be observed in them, as regards their length and breadth.
The Internal rectus is the broadest the External is the longest and the

origin

;

;

the thinnest and narrowest.
The Superior oblique is a fusiform muscle, placed at the upper and inner
It arises about a line above
side of the orbit, internal to the Levator palpebrge.
the inner margin of the optic foramen, and, passing forwards to the inner angle
of the orbit, terminates in a rounded tendon, which plays in a ring or pulley,

Superior

is

* The ligament
of Zinn ought, perhaps more appropriately, to be termed the aponeurosis or tendon of Zinn. Mr. C. B. Lockwood has described a somewhat similar
structiu-e on the mider siu'face of the Superior rectus muscle, which is attached to the
lesser wing of the sphenoid forming the upper and outer margin of the optic foramen.
This siiiJerior tendon gives origin to" the Superior rectus, the superior head of the External
rectus, and the upper part of the Internal XQciu?,.— Journal of Anatomy and Physiology,

vol. sx. part

i.

p. i.
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formed by cartilaginous tissue attached

to a depression beneath the internal
angular process of the frontal bone, the contiguous surfaces of the tendon and
ring being lined by a delicate synovial membrane, and enclosed in a thin fibrous
investment. The tendon is reflected backwards, outwards, and downwards
beneath the Superior rectus to the outer part of the globe of the eye, and is

inserted into the sclerotic coat,
optic nerve, the insertion of the
recti.

—By

midway between

the cornea and entrance of the
muscle lying between the Superior and External

upper surface, with the periosteum covering the roof of the
The tendon, where it lies on the globe of the eye,
is covered by the Superior rectusv
By
its under surface, with the nasal nerve,
Fig. 309.— The relative position and attachmeiit of the muscles of the left
and the upper border of the Internal
Relations.

orbit,

its

and the fourth nerve.

eyeball.

rectus.

^

The Inferior oblique is a thin, narrow
muscle,
placed near the anterior margin
<^
It arises from a depression
°^ ^^^ orbit.
X ' "jjJ^^^i^^"'^ ^^^
on the orbital plate of the superior
maxillary bone, external to the lachrymal
groove for the nasal duct. Passing outwards, backwards, and upwards beneath
^'^tsupper head
^^6 Inferior rectus, and then between
"-Lower head
hectmiii/'inor
^j^^ eyeball and the External rectus, it
y
is inserted into the outer part of the
sclerotic coat between the Superior and External recti, near to, but somewhat
behind, the tendon of insertion of the Superior oblique.
Relations.
By its ocular surface, with the globe of the eye, and with the
By its orbital surface, with the periosteum covering the floor of
Inferior rectu.s.
the orbit, and with the External rectus. Its borders look forwards and backwards the posterior one receives a branch of the third nerve.
Nerves. The Levator palpebrae. Inferior oblique, and all the Eecti excepting
the External, are supplied by the third nerve
the Superior oblique, by the
fourth the External rectus, by the sixth.
Actions.
The Levator palpebrae raises the upper eyelid, and is the direct
antagonist of the Orbicularis palpebrarum. The four Eecti muscles are attached
in such a manner to the globe of the eye that, acting singly, they will turn it
either upwards, downwards, inwards, or outwards, as expressed by their names.
The movement produced by the Superior or Inferior rectus is not quite a simple
one, for inasmuch as they pass obliquely outwards and forwards to the eyeball,
the elevation or depression of the cornea must be accompanied by a certain
deviation inwards, with a slight amount of rotation, which, however, is corrected
by the Oblique muscles the Inferior oblique correcting the deviation inwards of
the Superior rectus, and the Superior obliqvie that of the Inferior rectus. The
contraction of the External and Internal recti, on the other hand, produces a
purely horizontal movement. If any two contiguous recti of one eye act together
they carry the globe of the eye in the diagonal of these directions, viz. upwards
and inwards, upwards and outwards, downwards and inwards, or downwards
and outwards. The movement of circumduction, as in looking round a room, is
performed by the alternate action of the four Recti. The oblique muscles rotate
the eyeball on its antero-posterior axis, this kind of movement being required for
the correct viewing of an object when the head is moved laterally, as froni
shoulder to shoulder, in order that the picture may fall in all respects on the
same part of the retina of each eye.*
ijaipebrx mjerior Rectus mperior

obiiqwu superior

\

l

\'i^'"'V:^

—

;

—

;

;

—

;

*
On the Oblique Muscles of the Eye in Man and Vertebrate Animals,' by John
Struthers, M.D., in Anatotnical and Physiological Observations.
For a fuller accoiint
of the various co-ordinated actions of the muscles of a single eye and of both eyes than
otir space allows, the reader may be referred to Dr. M. Foster's Text-booh of Physiology.
'
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The connective tissue of the orbit is in various places
membranous layers, which may be conveniently described

Fasciae of the Orbit.

condensed into
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tliin

as (i) those lining the cavity
covering the eyeball.

;

(2)

those ensheathing the muscles

;

and

(3)

that

This forms the periosteum of the orbit. It is loosely
(i) The orbital fascia.
connected to the bones, from v^^hich it can be readily separated. Behind, it is
connected with the dura mater by processes which pass through the optic
foramen and sphenoidal fissure, and with the sheath of the optic nerve. In front, it
is connected with the periosteum at the margin of the orbit, and sends off a process
which assists in forming the palpebral fascia. From the internal surface of this
two of
fascia numerous processes are sent off, which encloses the fat lobules
these require special mention one assisting in enclosing the lachrymal gland,
the other being connected with the pulley of the Superior oblique muscle, and
holding it in position.
(2) The muscular fascia connects together the muscles of the orbit, and splitting
at their borders forms a sheath to them.
Posteriorly, it is thin, and is connected
:

—

to the orbital fascia.

Anteriorly,

it

is

thicker,

and divides

into

two layers

:

of

these one becomes attached to the orbital margin
the other is reflected backwards, and covers the hinder part of the globe of the eye. From the former of
these two layers expansions are given off
from the part of the fascia covering
the Superior rectus this expansion blends with some deep fibres from the tendon
of the Levator palpebrge
while from the part of the fascia covering the Inferior
;

;

;

rectus the expansion

is

carried forw^ards into

the inferior tarsal plate, and

sometimes described as the suspensory ligament of the eye.
Tenon's capsule
(3) The fascia covering the eyeball

—

—

-will

is

be described in

the sequel.

—

Surgical Anatomy. The position and exact point of insertion of the tendons of the
Internal and External recti muscles into the globe slioixld be carefully examined from the
front of the eyeball, as the surgeon is often required to divide the one or the other muscle
for the cure of strabismus.
In convergent strabismus, which is the more common form of
the disease, the eye is turned inwards, requiring the division of the Internal rectus. In
the divergent form, which is more rare, the eye is turned outwards, the External rectus
being especially implicated. The deformity produced in either case is to be remedied by
division of one or the other muscle.
The operation is thus performed the lids are to be
well separated the eyeball being rotated outwards or inwards, the conjunctiva should be
raised by a pah of forceps, and incised immediately beneath the lower border of the tendon
the submucous
of the muscle to be divided, a little behind its insertion into the sclerotic
areolar tissue is then divided, and into the small aperture thus made, a blunt hook is passed
upwards between the muscle and the globe, and the tendon of the muscle and conjunctiva
covering it, divided by a pair of bhmt-pointed scissors. Or the tendon may be divided by
a subconjunctival incision, one blade of the scissors being passed upwards between the
tendon and the conjunctiva, and the other between the tendon and the sclerotic. The
student, when dissecting these muscles, should remove on one side of the subject the
conjunctiva from the front of the eye, in order to see more accurately the position of the
:

;

•

;

tendons, while on the opposite side the operation

V. Nasal Eegion

Pyramidalis nasi.
Levator labii superioris alseque nasi.
Dilatator naris posterior.

Depressor

may

be performed.

306)

(fig.

Dilatator naris anterior.

Compressor nasi.
Compressor narium minor.

alee nasi.

nasi is a small pyramidal slip placed over the nasal bone.
tendinous
by
fibres from the fascia covering the lower part of the
nasal bone and upper part of the cartilage, where it blends with the Compressor
nasi, and it is inserted into the skin over the lower part of the forehead between

The Pyramidalis

Its origin is

the two eyebrows, its fibres decussating with those of the Occipito-frontalis.
Relations.
By its ^vpper surface, with the skin. By its under surface, with

—

the frontal and nasal bones.
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The Levator labii superioris alaeque nasi is a thin triangular muscle, placed
by the side of the nose, and extending between the inner margin of the orbit and
upper lip. It arises by a pointed extremity from the upper part of the nasal
process of the superior maxillary bone, and, passing obliquely downwards and
outwards, divides into two slips, one of which is inserted into the cartilage of
the ala of the nose the other is prolonged into the upper lip, becoming blended
with the Orbicularis oris and Levator labii superioris proprius.
and with a small part of the
In front, with the integument
Relations.
Orbicularis palpebrarum above.
The Dilatator naris posterior is a small muscle, which is placed partly beneath
the elevator of the nose and lip.
It arises from the margin of the nasal notch of
the superior maxilla, and from the sesamoid cartilages, and is inserted into the
skin near the margin of the nostril.
The Dilatator naris anterior is a thin delicate fasciculus, passing from the
This muscle
cartilage of the ala of the nose to the integument near its margin.
;

—

is

;

situated in front of the preceding.

The Compressor naris is a small, thin, triangular muscle, arising by its apex
from the superior maxillary bone, above and a little external to the incisive fossa
its fibres proceed upwards and inwards, expanding into a thin aponeurosis which
is attached to the fibro-cartilage of the nose, and is continuous on the bridge of
the nose with that of the muscle of the opposite side, and with the aponeurosis
of the Pyramidalis nasi.
The Compressor narium minor is a small muscle, attached by one end to the
alar cartilage, and by the other to the integument at the end of the nose.
The Depressor alee nasi is a short, radiated muscle, arising from the incisive
fossa of the superior maxilla its fibres ascend to be inserted into the septum,
and back part of the ala of the nose. This muscle lies between the mucous
membrane and muscular structure of the lip.
Nerves.
All the muscles of this group are supplied by the facial nerve.
Actions.
The Pyramidalis nasi draws down the inner angle of the eyebrows
and produces transverse vannkles over the bridge of the nose. The Levator
labii superioris alaeque nasi draws upwards the upper lip and ala of the nose
its
most important action is upon the nose, which it dilates to a considerable extent.
The action of this muscle produces a marked influence over the countenance,
and it is the principal agent in the expression of contempt and disdain. The
two Dilatatores nasi enlarge the aperture of the nose. Their action in ordinary
breathing is to resist the tendency of the nostrils to close from atmospheric
;

;

—
—

;

pressure, but in difficult breathing they may be noticed to be in violent action,
as well as in some emotions, as anger.
The Depressor alae nasi is a direct
antagonist of the other muscles of the nose, drawing the ala of the nose down-

wards, and thereby constricting the aperture of the nares. The Compressor nasi
depresses the cartilaginous part of the nose and draws the alee together.

VI. Superior

Maxillary Eegion

Levator labii superioris.
Levator anguli oris.

The Levator
form.

It arises

orbital foramen,

of

Relations.

306)

Zygomaticus major.
Zygomaticus minor.
muscle of a quadrilateral
immediately above the infra-

labii superioris (proprius) is a thin

from the lower margin

some

malar bone
the upper lip.

to the

(fig.

;

—By

of the orbit

of its fibres being attached to the superior maxilla, others

its fibres

converge to be inserted into the muscular substance

above, with the lower segment of the
subcutaneous. By its deep surface, it
conceals the origin of the Compressor nasi and Levator anguli oris muscles.
Orbicularis

its

siiperficial surface

palpebrarum

;

below,

it

is

INFEEIOE MAXILLAEY EEGION
and the

infra-orbital vessels
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and nerve, as they escape from the

infra-orbital

foramen.
The Levator anguli oris arises from the canine fossa, immediately below the
its fibres incline downwards and a little outwards, to be
infra-orbital foramen
inserted into the angle of the mouth, intermingling with those of the Zygomaticus
major, the Depressor anguli oris, and the Orbicularis.
Relations.— By its superficial surface, with the Levator labii superioris and
the infra-orbital vessels and nerves. By its deep surface, with the superior
maxilla, the Buccinator, and the mucous membrane.
The Zygomaticus major is a slender fasciculus, which arises from the malar
bone, in front of the zygomatic suture, and descending obliquely downwards and
inwards, is inserted into the angle of the mouth, where it blends with the fibres
of the Levator anguli oris, the Orbicularis oris, and the Depressor anguli oris.
Relations.
By its superficial surface, with the subcutaneous adipose tissue.
By its deep surface, with the Masseter and Buccinator muscles and the facial
;

—

artery

and

vein.

The Zygomaticus minor

arises from the malar bone, immediately behind the
maxillary suture, and passing downwards and inwards, is continuous with the
Orbicularis oris at the outer margin of the Levator labii superioris.
It lies in
front of the preceding.
Relations.
By its superficial surface, with the integument and the Orbicularis
palpebrarum above. By its deep surface, with the Masseter, Buccinator, and
Levator anguli oris, and the facial artery and vein.
Nerves. This group of muscles is supplied by the facial nerve.
Actions.
The Levator labii superioris is the proper elevator of the upper lip,^
carrying it at the same time a little forwards. It assists in forming the nasolabial ridge, which passes from the side of the nose to the upper lip and gives to
The Levator anguli oris raises the angle of
the face an expression of sadness.
the mouth and assists the Levator labii superioris in producing the naso-labial
ridge.
The Zygomaticus major draws the angle of the mouth backwards and
upwards, as in laughing whilst the Zygomaticus minor, being inserted into the
outer part of the upper lip and not into the angle of the mouth, draws it backwards, upwards, and outwards, and thus gives to the face an expression of

—

—

—

;

sadness.

VII. Inpebiok Maxillary Eegion

(fig.

306)

Levator labii inferioris (Levator menti).
Depressor labii inferioris (Quadratus menti).
Depressor anguli oris (Triangularis menti).

—

Dissection.
The Muscles in this region maybe dissected by making a vertical incision
through the integument from the margin of the lower lip to the chin a second incision
should then be carried along the margin of the lower jaw as far as the angle, and the
integument carefully removed in the direction shown in fig. 305.
:

The Levator labii inferioris (Levator menti) is to be dissected by everting the
lower lip and raising the mucous membrane. It is a small conical fasciculus,
placed on the side of the fraenum of the lower lip. It arises from the incisive
its fibres descend to be inserted
fossa, external to the symphysis of the lower jaw
into the integument of the chin.
Relations.
On its inner surface, with the mucous membrane in the median
and on its outer side,
line, it is blended with the muscle of the opposite side
with the Depressor labii inferioris.
The Depressor labii inferioris (Quadratus menti) is a small quadrilateral
muscle. It arises from the external oblique line of the lower jaw, between the
symphysis and mental foramen, and passes obliquely upwards and inwards, to
be inserted into the integument of the lower lip, its fibres blending with the
It is continuous
Orbicularis oris, and with those of its fellow of the opposite side.
:

—

;

;
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with the fibres of the Platysma at
intermingled with its fibres.

fat

Relations.

—By

its

its origin.

This muscle contains

superficial stirface, with part of the

much

yellow

Depressor anguli

oris,

and with the integument, to which it is closely connected. By its deep surface,
with the mental vessels and nerves, the mucous membrane of the lower lip, the
labial glands, and the Levator menti, with which it is intimately united.
The Depressor anguli oris (Triangularis menti) is triangular in shape, arising,
by its broad base, from the external oblique line of the lower jaw, whence its
fibres pass upwards, to be inserted, by a narrow fasciculus, into the angle of
the mouth. It is continuous with the Platysma at its origin, and witl^ the
Orbicularis oris and Eisorius at its insertion, and some of its fibres are directly
continuous with those of the Levator anguli oris.
Relations.
By its superficial surface, with the integument. By its deep
surface, with the Depressor labii inferioris and Buccinator.
Nerves. This group of muscles is supplied by the facial nerve.
Actions.
The Levator labii inferioris raises the lower lip, and protrudes it
forwards, and at the same time wrinkles the integument, of the chin, expressing
doubt or disdain. The Depressor labii inferioris draws the lower lip directly
downwards and a little outwards, as in the expression of irony. The Depressor
anguli oris depresses the angle of the mouth, being the antagonist to the Levator
anguli oris and Zygomaticus major; acting with these muscles, it will draw the
angle of the mouth directly backwards.

—

—
—

VIII. Intebmaxillaey Eegion
Orbicularis oris.

Buccinator.

Eisorius.

—

Dissection. The dissection of these muscles may be considerably facilitated by filling
the cavity of tlie mouth with tow, so as to distend the cheeks and lips the mouth should
tlien be closed by a few stitches, and the integument carefully removed from tlie surface.
;

The Orbicularis oris (fig. 306) is not a sphincter muscle like the Orbicularis
palpebrarum, but consists of numerous strata of muscular fibres, having different
directions, which surround the orifice of the mouth.
These fibres are partially
derived from the other facial muscles which are inserted into the lips, and are
partly fibres proper to the lips themselves.
Of the former, a considerable number
are derived from the Buccinator and form the deeper stratum of the Orbicularis.
Some of them, namely, those near the middle of the muscle, decussate at the
angle of the mouth, those arising from the upper jaw passing to the lower lip,
and those from the lower jaw to the upper lip. Other fibres of the muscle,
situated at its upper and lower part, pass across the lips from side to side without
Superficial to this stratum is a second, formed by the Levator and
interruption.
Depressor anguli oris, which cross each other at the angle of the mouth those
from the Depressor passing to the upper lip, and those from the Levator to the
lower lip, along which they run to be inserted into the skin near the median line.
In addition to these there are fibres from the other muscles inserted into the
lips, the Levator labii superioris, the Levator labii superioris alaeque nasi, the
Zygomatici, and the Depressor labii inferioris
these intermingle with the
transverse fibres above described, and have principally an oblique direction.
The
proper fibres of the lips are oblique, and pass from the under surface of the skin
to the mucous membrane, through the thickness of the lip.
And in addition to
these are fibres by which the muscle is connected directly with the maxillary
bones and the septum of the nose. These consist, in the upper lip, of four bands,
two of which {Musculus incisivus superior) arise from the alveolar border of the
superior maxilla, opposite the lateral incisor tooth, and arching outwards on each
side are continuous at the angles of the mouth with the other muscles inserted
The two remaining muscular slips, called the Naso-labialis,
into this part.
connect the upper lip to the back of the septum of the nose
as they descend
;

;

:
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from the septum, an interval is left between them. It is this interval which
forms the depression seen on the surface of the skin beneath the septum of the
The additional fibres for the lower segment {Mitscidus incisivus inferior)
nose.
arise from the inferior maxilla, externally to the Levator labii inferioris, and arch
outwards to the angles of the mouth, to join the Buccinator and the other muscles
attached to this part.

—By

surface, with the integument, to which it is
deep surface, wdth the buccal mucous membrane, the
By its outer circumference, it is blended
labial glands, and coronary vessels.
with the numerous muscles which converge to the mouth from various parts of
Its inner circumference is free, and covered by the mucous membrane.
the face.
The Buccinator (fig. 319) is a broad, thin muscle, quadrilateral in form,
which occupies the interval between the jaws at the side of the face. It arises

Relations.

closely connected.

its

By

superficial
its

from the outer surface

of the alveolar processes of the upper and lower jaws,
and behind, from the anterior border of
corresponding to the three molar teeth
The fibres converge towards the angle of the
the pterygo-maxillary ligament.
mouth, where the central fibres intersect each other, those from below being
continuous with the upper segment of the Orbicularis oris and those from above
with the inferior segment
the highest and lowest fibres continue forward
uninterruptedly into the corresponding segment of the lip without decussation.
Relations.
By its superficial surface, behind, wdth a large mass of fat, w^iich
separates it from the ramus of the lower jaw, the Masseter, and a small portion
anteriorly, with the Zygomatic], Eisorius, Levator
of the Temporal muscle
anguli oris, Depressor anguli oris, and Stenson's duct, which pierces it opposite
the facial artery and vein cross it
the second molar tooth of the upper jaw
from below^ upwards it is also crossed by the branches of the facial and buccal
nerves.
By its internal surface, with the buccal glands and mucous membrane
;

;

;

—

;

;

;

of the

mouth.

The pterygo-maxillary ligament separates the Buccinator muscle from the
Superior constrictor of the pharynx. It is a tendinous band, attached by one
extremity to the apex of the internal pterygoid plate, and by the other to the
posterior extremity of the internal oblique line of the lower jaw.
Its inner surface
corresponds to the cavity of the mouth, and is lined by mucous membrane. Its
outer surface is separated from the ramus of the jaw by a quantity of adipose
tissue.
Its posterior border gives attachment to the Superior constrictor of the
pharynx; its anterior border, to the fibres of the Buccinator (see fig. 319).
The Risorius (Santorini) (fig. 306) consists of a narrow bundle of fibres, which
arises in the fascia over the Masseter muscle and, passing horizontally forwards,
It is placed superficial to
is inserted into the skin at the angle of the mouth.
This muscle varies much
the Platysma, and is broadest at its outer extremity.
in its size and form.
Nerves. The muscles in this group are all supplied by the facial nerve. The
buccal branch of the inferior maxillary nerve pierces the Buccinator muscle, and
by some anatomists is regarded as partly supplying this muscle. Probably it
merely pierces it on its way to the mucous membrane of the cheek.
Actions.
The Orbicularis oris in its ordinary action produces the direct
closure of the lips
by its deep fibres, assisted by the oblique ones, it closely

—

—

;

applies the lips to the alveolar arch.

The

superficial part, consisting principally

decussating fibres, brings the lips together and also protrudes them forwards.
The Buccinators contract and compress the cheeks, so that, during the process of
When
mastication, the food is kept under the immediate pressure of the teeth.
the cheeks have been previously distended with air, the Buccinator muscles
expel it from between the lips, as in blownng a trumpet. Hence the name
(buccina, a trumpet).
The Eisorius retracts the angles of the mouth, and
produces the unpleasant expression which is sometimes seen in tetanus, and is
of the

known

as

'

risus sardonicus.'
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IX. Temporo-maxillary Eegion

Temporal.

Masseter.

—

Covering the Masseter muscle, and firmly connected with
Masseteric Fascia.
Above, this
a strong layer of fascia, derived from the deep cervical fascia.
fascia is attached to the lower border of the zygoma, and behind it covers the

it,

is

parotid gland, constituting the parotid fascia.
The Masseter is exposed by the removal of this fascia (fig. 306) it is a short,
thick muscle, somewhat quadrilateral in form, consisting of two portions, sv\per;

and deep. The superficial portion, the larger, arises by a thick, tendinous
aponeurosis from the malar process of the superior maxilla, and from the anterior
its fibres pass downtwo-thirds of the lower border of the zygomatic arch
wards and backwards, to be inserted into the angle and lower half of the outer
The deep portion is much smaller, and more
surface of the ramus of the jaw.
muscular in texture it arises from the posterior third of the lower border and
the whole of the inner surface of the zygomatic arch its fibres pass downwards
and forwards, to be inserted into the upper half of the ramus and outer surface
The deep portion of the muscle is partly
of the coronoid process of the jaw.
concealed, in front, by the superficial portion behind, it is covered by the parotid
The fibres of the two portions are united at their insertion.
gland.
Relations.
By its superficial surface, with the Zygomatici, the Socia parotidis,
and Stenson's duct the branches of the facial nerve and the transverse facial
the masseteric fascia the Risorius Santorini, Platysma
vessels, which cross it
myoides, and the integument. By its deep surface, with the Temporal muscle at
its insertion, the ramus of the jaw, and the Buccinator, from which it is separated
by a mass of fat. The masseteric nerve and artery enter it on its under surface.
Its anterior margin
Its posterior margin is overlapped by the parotid gland.
projects over the Buccinator muscle and the facial vein lies on it below.
The temporal fascia !& seen, at this stage of the dissection, covering in the
Temporal muscle. It is a strong, fibrous investment, covered, on its outer
surface, by the Attrahens and AttoUens aurem muscles, the aponeurosis of the
The temporal
Occipito-fi'ontalis, and by part of the Orbicularis palpebrarum.
Above, it
vessels and the auriculo-temporal nerve cross it from below upwards.
but
is a single layer, attached to the entire extent of the upper temporal ridge
below, where it is attached to the zygoma, it consists of two layers, one of
which is inserted into the oiiter, and the other into the inner border of the
zygomatic arch. A small quantity of fat, the orbital branch of the temporal
artery, and a filament from the orbital, or temporo-malar, branch of the superior
maxillary nerve, are contained between these two layers. It affords attachment
by its inner surface to the superficial fibres of the Temporal muscle.
ficial

:

;

;

;

—

;

;

;

;

;

—

Dissection.
In order to expose the Temporal miTsele, remove the temporal fascia,
which may be effected by separating it at its attachment along the upper border of the
zygoma, and dissecting it upwards from the surface of the muscle. The zygomatic arch
should then be divided, in front, at its junction witli the malar bone and, behind, near
the external auditory meatus, and drawn downwards with tlie Masseter, which should be
detached from its insertion into tlie ranms and angle of the jaw. The whole extent of the
Temporal muscle is tlien exposed.
;

The Temporal (fig. 310) is a broad, radiating muscle, situated at the side of
the head, and occupying the entire extent of the temporal fossa. It arises from
the whole of the temporal fossa except that portion of it that is formed by the
malar bone. Its attachment extends from the external angular process of the
and from the
frontal in front, to the mastoid portion of the temporal behind
curved line on the frontal and parietal bones above, to the pterygoid ridge on
the great wing of the sphenoid below.
It is also attached to the inner surface
;

of the

temporal

fascia.

Its fibres

converge as they descend, and terminate in an
its commencement, converge into a

aponeurosis, the fibres of which, radiated at
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and flat tendon, which is inserted into the inner surface, apex, and anterior
border of the coronoid process of the jaw, nearly as far forwards as the last molar
thick

tooth.

— By

Relations.

surface, with the integument, the Attrahens

and
and nerves, the aponeurosis of the
Occipito-frontalis, the temporal fascia, the zygoma, and Masseter.
By its deep
surface, with the temporal fossa, the External pterygoid and part of the Buccinator
muscles, the internal maxillary artery, its deep temporal branches, and the deep
temporal nerves. Behind the tendon are the masseteric vessels and nerve, and
Attollens

its superficial

aurem muscles, the temporal

—The Temporal muscle, the zygoma and Masseter having been removed.

Fig. 310.

in front of

vessels

the buccal vessels and nerve.

it

Its anterior border is separated

by a mass of fat.
Both muscles are supplied by the

from

the malar bone

Nerves.

—

inferior maxillary nerve.

X. Ptekygo-maxillary Eegion
External Pterygoid.

(fig.

311)

Internal Pterygoid.

—

Dissection.
The Temporal muscle having been examined, saw throngli the base of the
coronoid process, and draw it upwards, together with the Temporal muscle, which should
be detached from the surface of the temporal fossa. Divide the ramus of the jaw just
below the condyle, and also, by a transverse incision extending aeross the middle, just
above tlie dental foramen; remove the fragment of bone, and the Pterygoid muscles
will be exposed.

The External pterygoid is a short, thick muscle, somewhat conical in form,
which extends almost horizontally between the zygomatic fossa and the condyle
of the jaw.
It arises by two heads, separated by a slight interval
the upper
arises from the external surface of the greater wing of the sphenoid and from the
pterygoid ridge, which separates the zygomatic from the temporal fossa the lotver
:

;

from the outer surface of the external pterygoid plate. Its fibres pass horizontally
backwards and outwards, to be inserted into a depression in front of the neck of
the condyle of the lower jaw, and into the corresponding part of the interarticular
fibro-cartilage.

Relations.—By

its

external surface, with the

ramus

of the

lower jaw, the

DD
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internal maxillary artery, which crosses it,* the tendon of the Temporal muscle
and the Masseter. By its internal surface, it rests against the upper part of

Internal pterygoid, the internal lateral ligament, the middle meningeal
and inferior maxillary nerve by its tipper border it is in relation with
by its
the temporal and masseteric branches of the inferior maxillary nerve
lower border it is in relation with the inferior dental and gustatory nerves, and it
In the interval between the two portions of the
is pierced by the buccal nerve.
muscle the internal maxillary artery passes, when this vessel lies on the muscle
the

artery,

;

;

(see

fig.

311).

a thick, quadrilateral muscle, and resemblds the
from the pterygoid fossa, being attached to the inner
surface of the external pterygoid plate, and to the grooved surface of the tuberosity
of the palate bone, and by a second slip from the outer surface of the tuberosities
fibres pass downwards,
its
of the palate and superior maxillary bones
outwards, and backwards, to be inserted, by a strong tendinous lamina into

The

Internal pterygoid

Masseter in form.

is

It arises

;

Fig. 311.

— The Pterygoid muscles
ramus

of the

the zygomatic arch and a portion
jaw having been removed.
;

of the

the lower and back part of the inner side of the ramus and angle of the lower
jaw, as high as the dental foramen.
Relations.
By its external surface, with the ramus of the lower jaw, from
which it is separated, at its upper part, by the External pterygoid, the internal
lateral ligament, the internal maxillary artery, the dental vessels and nerves,

—

and the lingual nerve. By its internal surface, with the Tensor palati, being
separated from the Superior constrictor of the pharynx by a cellular interval.
Nerves.
These muscles are supplied by the inferior maxiUary nerve.
Actions.
The Temporal, Masseter and Internal pterygoid raise the lower
jaw against the upper with great force. The superficial portion of the Masseter
assists the External pterygoid in drawing the lower jaw forwards upon the upper
the jaw being drawn back again by the deep fibres of the Masseter, and posterior
fibres of the Temporal.
The External pterygoid muscles are the direct agents in
the trituration of the food, drawing the lower jaw directly forwards, so as to make
If the muscle of one side acts, the
the lower teeth project beyond the upper.
corresponding side of the jaw is drawn forwards, and the other condyle remain-

—
—

;

* This
muscle.

is

the usual relation, but in

many

cases the arter3^ will be found below the

—

—
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The

ing fixed, the symphysis deviates to the opposite side.
movements on the two sides produces trituration.

alternation of these

—

Surface Form. The outline of the miiscles of the head and face cannot be traced on
the surface of the body, except in the case of two of the masticatory muscles.
Those of
the head are thin, so that the outline of the bone is perceptible beneath them.
Those in
the face are small, covered by soft skin, and often by a considerable layer of fat, so that
but they serve to romid off' and smooth prominent borders, and
their outline is concealed
Thus, the Orbicularis
to till up what would be otherwise unsightly angular depressions.
palpebrarum rounds off the prominent margin of the orbit, and the Pyramidalis nasi fills in
the sharp depression beneath the glabella, and thus softens and tones down the abrupt depresIn like manner, the labial muscles, converging
sion which is seen on the imclothed bone.
to the lips, and assisted by the superimposed fat, fill in the sunken hollow of the lower
part of the face. Although the muscles of the face are usually described as arising from
the bones, and inserted into the nose, lips, and corners of the mouth, they have fibres
inserted into the skin of the face along their whole extent, so that almost every point of
the skin of the face has its muscular fibre to move it hence it is that when in action the
facial muscles produce alterations in the skin-surface, giving rise to the formation of
various folds or wrinkles, or otherwise altering the relative position of parts, so as to
produce the varied expressions with which the face is endowed hence these muscles
Muscles of expression.' The only two muscles in this region which
are termed the
The Masseter is a
greatly influence surface-form are the Masseter and the Temporal.
quadrilateral muscle, which imparts fulness to the hinder part of the cheek. When the
muscle is firmly contracted, as when the teeth are clenched, its outline is plainly visible
the anterior border forms a prominent vertical ridge, behind which is a considerable
this fulness is entirely lost
fidness, especially marked at the lower part of the muscle
when the mouth is opened, and the miiscle no longer in a state of contraction. The
Temporal muscle is fan-shaped, and fiUs the Temporal fossa, substituting for it a somewhat convex form, the anterior part of which, on account of the absence of hair over the
temple, is more marked than the posterior, and stands out in strong relief when the
muscle is in a state of contraction.
;

;

;

'

;

;

MUSCLES AND FASCIA OF THE NECK
The muscles

of

the

Neck may be arranged

region in which they are situated.
These groups are nine in number

into groups, corresponding with the

:

Superficial Eegion.
V. Muscles of the
VI. Muscles of the
Depressors of the Os Hyoides
VII. Muscles of the
and Larynx.
tebral Region.
III. Elevators of the Os Hyoides
VIII. Muscles of the
and Larynx.
tebral Region.
IV. Muscles of the Tongue.
IX. Muscles of the Larynx.
I.

II.

The muscles contained
I.

Anterior VerLateral Ver-

in each of these groups are the following

Sterno-cleido-mastoid.

Infra-hyoid Begion.
Depressors of the Os hyoides and

:

Mylo-hyoid.
Genio-hyoid.

Superficial Begion.

Platysma myoides.

II.

Pharynx.
Soft Palate,

-^

.

77^-

Lingual Eegion.
^^- Muscles of the Tongue.
Genio-hyo-glossus.
Hyo-glossus.

Larynx
Sterno-hyoid.
Sterno-thyroid.

Lingualis.

Thyro-hyoid.

Palato-glossus.

Stylo-glossus.

Omo-hyoid.
V.

Supra-hyoid Begion.
III. Elevators of the Os hyoides and
Larynx.
Digastric.
Stylo-hyoid.

Muscles of the Pharynx.
Constrictor inferior.
Constrictor medius.
Constrictor superior.

Stylo-pharyngeus.
Palato-pharyngeus.

D D
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VI. Muscles of the Soft Palate.

Eectus

Longus

Levator palati.
Tensor palati.

lateralis.
colli.

VIII. Mtcscles of the Lateral Vertebral
Begion.

Xzyo-os uvulge.
Palalo-glossus.
Palato-pharyngeus.

Scalenus anticus.
Scalenus medius.
Scalenus posticus.

VII. Muscles of the Anterior Vertebral

IX. Muscles of

Begion.

Eectus capitis anticus major.
Eectus capitis anticus minor.

I.

the

Larynx.

Included in the description of the
Larynx.

Superficial Cervical Eegion

Platysma myoides.

Sterno-cleido-mastoid.

—A

Dissection.
block having been placed at the back of the neck, and the face turned
to the side opposite that to be dissected, so as to place the parts upon the stretch, make

two transverse incisions one from the chin, along the margin of the lower jaw, to the
mastoid process and the other along the upper border of the clavicle. Connect these by
an oblique incision made in the course of the Sterno-mastoid muscle, fi'om the uaastoid
process to the sternum the two flaps of integument havmg been removed in the direction
shown in hg. 305, the superficial fascia will be exposed.
:

;

;

The

Superficial cervical fascia

is

a thin, aponeurotic lamina,

demonstrable as a separate membrane.

Beneath

it is

which

hardly

is

found the Platysma myoides

muscle.

The Platysma myoides (fig. 306) is a broad, thin plane of muscular fibres,
placed immediately beneath the superficial fascia on each side of the neck. It
arises by thin, fibrous bands from the fascia covering the upper part of the
Pectoral and Deltoid muscles its fibres proceed obliquely upwards and inwards
along the side of the neck. The anterior fibres interlace, in front of the jaw, with
the fibres of the muscle of the opposite side the posterior fibres pass over the
lower jaw, some of them being attached to the bone below the external oblique
line, others passing on to be inserted into the skin and subcutaneous tissue of the
lower part of the face, many of these fibres blending with the muscles about the
Sometimes fibres can be traced to the
angle and lower part of the mouth.
Zygomatic muscles, or to the margin of the Orbicularis palpebrarum. Beneath
the Platysma, the external jugular vein may be seen descending from the angle
of the jaw to the clavicle.
;

;

—

Surgical Anatomy. It is essential to remember the direction of the fibres of the
Platysma, in connection with the operation of bleeding from the external jugular vein for
if the point of the lancet is introduced in the direction of the muscular fibres, the orifice
luade will be filled up by the contraction of the muscle, and blood will not flow but if
the incision is made across the course of the fibres, they will retract, and expose the orifice
in the A'ein, and so allow the flow of blood.
;

;

Relations.

more

—By

its

external surface, with the integument, to

closely below than above.

By

its

which

it is

united

internal surface, with the Pectoralis

major, Deltoid, and Trapezius, and with the clavicle. In the neck, with the
external and anterior jugular veins, the deep cervical fascia, the superficial
branches of the cervical plexus, the Sterno-mastoid, Sterno-hyoid, Omo-hyoid,
and Digastric muscles. Behind the Sterno-mastoid muscle, it covers the Scaleni
muscles and the nerves of the brachial plexus. On the face, it is in relation
with the parotid gland, the facial artery and vein, and the Masseter and Buccinator
muscles.
Action.
The Platysma myoides produces a slight wrinkling of the surface of

—

the skin of the neck, in an oblique direction,

when

the entire muscle

is

brought

'
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action.

into

Its anterior portion, the thickest part

the lower jaw;

also serves to

it

mouth on each

side,
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the muscle, depresses
lip and angle of the
chief agents in the expression of
of

draw down the lower

being one of the

melancholy.

The Deep

cervical fascia

(fig.

312)

is

a strong, fibrous layer, which invests the

muscles of the neck, and encloses the vessels and nerves. It commences, as an
extremely thin layer, at the back part of the neck, where it is attached to the
ligamentum nuchae and to the spinous process of the seventh cervical vertebrge,
from the anterior border
and, passing forwards, invests the Trapezius muscle
;

Fig. 312.

— Section of the neck at about the level
Showing the arrangement

of the sixth cervical vertebra.
of the deep cervical fascia.
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muscle it forms a layer, which covers in the posterior triangle of the neck
and, passing forwards to the posterior border of the Sterno-mastoid muscle,
divides into two layers, one of which passes in front, and the other behind, that
of this

;

muscle. The layer which passes in front of the muscle is continued forwards to
the front of the neck, and blends with the fascia of the opposite side, covering
the anterior triangle.
It is joined on its under surface, except for about an inch
below, by a lamella derived from the layer covering the posterior surface of the
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Sterno-mastoid muscle. Where these two layers do not meet, a little space is
between them, as they both pass inwards to the middle line of the neck.
This is Burns' s sjKtce, and contains a little areolar tissue and fat, and occasionally
a small lymphatic gland. If traced upwards the anterior layer of the cervical fascia
is found to pass over the parotid gland and Masseter muscle, forming the parotid
and masseteric fascice, and is attached to the lower border of the zygoma, and,
more anteriorly, to the lower border of the body of the jaw if traced downwards,
it is seen to pass to the upper border of the clavicle and sternum, being pierced
In the middle line of
just above the former bone by the external jugular vein.
the neck, the fascia is connected to the symphysis of the inferior maxilla, and,
lower down, to the hyoid bone, between which points it is thin below the hyoid
bone it becomes thicker, and is attached below to the anterior margin of the
upper border of the sternum. The layer of the deep cervical fascia which passes
behind the Sterno-mastoid covers the anterior surface of the Scalenus anticus
muscle. At the outer side of the carotid vessels it divides into two, one layer
passing in front of the vessels, the other behind them. The layer which passes
in front oi the vessels again divides into three lamellae.
Of these, the anterior
lamella, except for an inch below where it forms the posterior boundary of Burns's
space, joins the layer of cervical fascia passing in front of the Sterno-mastoid, and
with it passes tO the middle line covering the anterior surface of the Dept-essor
muscles of the hyoid bone. The portion of this lamella which invests the Omohyoid is continued downwards as a distinct process, which descends to be inserted into the sternum and cartilage of the first rib, and becomes connected-with
the Costo-coracoid membrane. The middle lamella passes behind the depressors
of the hyoid bone and in front of the thyroid bod}^ to meet its fellow of the
opposite side, in front of the trachea. At the root of the neck this middle
lamella can be traced downwards into the thorax to become continuous with the
fibrous layer of the pericardium.
The posterior lamella passes on the inner side
of the carotid vessels, and speedily joins the layer passing behind them, thus
enclosing them in a sheath. The layer of cervical fascia which passes behind
the carotid vessels, having been joined by the posterior of the three lamellae from
the layer of fascia passing in front of the vessels, is prolonged inwards, behind
the pharynx and oesophagus, forming a sheath for the Prevertebral muscles, the
To the inner side of the carotid vessels, a special layer of
prevertebral fascia.
fascia, derived from the prevertebral fascia, is continued inwards towards the
middle line, closely covering the constrictor muscles this is called the pharyngeal fascia, and between it and the prevertebral fascia is a space, the retropharyngeal space, filled in by a quantity of loose connective tissue. This space
is' continued downwards behind the oesophagus into the thorax, where it becomes
continuous with the posterior mediastinum. Above, the pharyngeal fascia is prolonged forwards over the Superior constrictor of the pharynx to the pterygomaxillary ligament (p. 399), where it becomes continuous with the fascia covering
the Buccinator muscle. Finally, from the layer of the deep cervical fascia, which
passes behind the Sterno-mastoid, is given off another lamella, which may be
regarded as a prolongation of the prevertebral fascia
this passes downwards
and outwards over the brachial plexus and subclavian vessels, to assist in forming the axillary sheath.
The two layers of the deep cervical fascia, where
they unite opposite the angle of the lower jaw, bind the Sterno-mastoid muscle
left

;

;

:

;

From that portion of the cervical fascia which is
attached to the angle of the jaw, a process of extreme density is found passing
backwards to the inner side of the parotid gland, to be attached to the apex of the
styloid process of the temporal bone
this is termed the Stylo-maxillary
to this part of the bone.

;

ligament.

Surgical Anatomy.
point of view.
three laj^ers
:

As
(i)

A

—

The cervical fascia is of considerable importance from a sui'gical
will be seen from the foregoing description, it may be divided into
superficial layer; (2) a layer j)assing in front of the trachea, and
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forming with the superficial layer a sheath for the depressors of the hyoid bone (3) a
prevertebral layer passing in front of the bodies of the cervical vertebrae, and forming
with the second layer a space in which is contained the trachea, oesophagus, &c. The
It is attached behind to the
superficial layer forms a complete investment for the neck.
ligamentum nuchas and the spine of the seventh cervical vertebra above it is attached
to the external occij)ital protuberance, to the superior curved line of the occiput, to the
mastoid process, to the zygoma and the lower jaw below it is attached to the manubrium
sterni, the clavicle, the acromion process, and the spine of the scapula"; in fi'ont it blends
with the fascia of the opposite side. This layer would oppose the extension of abscesses
or new growths towards the surface, and pus forming beneath it would have a tendency
If it is in the posterior triangle, it might extend backwards under
to extend laterally.
the Trapezius, forwards under the Sterno-mastoid, or downwards under the clavicle for some
distance, mitil stopped by the junction of the cervical fascia to the Costo-coracoid membrane. If the pus is contained in the anterior triangle, it might find its way into the
anterior mediastinum, being situated in front of the layer of fascia which passes down into
the thorax to become continuous with the pericardium but owing to the less density and
thickness of the fascia in this situation it more frequently finds its way through it and
points above the sternum. The second layer of fascia is connected above with the hyoid
bone.
It passes down beneath the depressors and in front of the thyroid bodj^ and
trachea to become contmuous with the fibrous layer of the pericardium. Laterally it
invests the great vessels of the neck and is connected with the superficial layer beneath
the sterno-mastoid.
Pus formiiug beneath this layer would in all probability find its way
mto the posterior mediastinum. The third layer (the prevertebral fascia) is connected
above to the base of the skull. Pus forming beneath this layer, in cases, for instance, of
caries of the bodies of the cervical vertebrae, might extend towards the posterior and lateral
part of the neck and point in this situation, or might perforate this layer of fascia and
the pharyngeal fascia and point into the pharynx (post-pharyngeal abscess).
In cases of cut throat the cervical fascia is of considerable importance. In cases where
the wound involves only the superficial layer the injiu'y is usually trivial, the only special
danger being injury to the external jugular vein, and the only special complication being
diffuse cellulitis.
But where the second of the two layers has been opened up, important
structures may have been injured, which may lead to serious results.
It may be worth while mentioning that in Bm-ns's space is contained the sternal
head of origin of the Sterno-mastoid muscle, so that this space is opened in division of
this tendon.
The anterior jugular vein is also contained in the same space.
;

:

;

;

The Sterno-mastoid

or Sterno-cleido -mastoid

(fig.

313)

is

a large, thick muscle,

which passes obliquely across the side of the neck, being enclosed between the
two layers of the deep cervical fascia. It is thick and narrow at its central part,
but is broader and thinner at each extremity. It arises, by two heads, from the
sternum and clavicle. The sternal 'portion is a rounded fasciculus, tendinous in
front, fleshy behind, which arises from the upper and anterior part of the first
The
piece of the sternum, and is directed upwards, outwards, and backwards.
clavicular portion arises from the inner third of the superior border of the
clavicle, being composed of fleshy and aponeurotic fibres
it is directed almost
vertically upwards.
These two portions are separated from one another, at their
origin, by a triangular cellular interval
but become gradually blended, below the
middle of the neck, into a thick, rounded muscle, which is inserted, by a strong
tendon, into the outer surface of the mastoid process, from its apex to its superior
border, and by a thin aponeurosis into the outer half of the superior curved line of
;

;

the occipital bone. The Sterno-mastoid varies much in its extent of attachment to
the clavicle in one case the clavicular may be as narrow as the sternal portion
in another, as much as three inches in breadth.
When the clavicular origin is
broad, it is occasionally subdivided into numerous slips, separated by narrow
:

;

More rarely, the corresponding margins of the Sterno-mastoid and
Trapezius have been found in contact. In the application of a ligature to the
third part of the subclavian artery, it will be necessary, where the muscles come
close together, to divide a portion of one or of both.
This muscle divides the quadrilateral space at the side of the neck into two
triangles, an anterior and a posterior.
The boundaries of the anterior triangle
are, in front, the median line of the neck
above, the lower border of the body of
the jaw, and an imaginary line drawn from the angle of the jaw to the mastoid
The
process
behind, the anterior border of the Sterno-mastoid muscle.
boundaries of the posterior triangle are, in front, the posterior border of the
intervals.

;

;

;

MUSCLES AND FASCIA

4o8

Sterno-mastoid below, the upper border of the clavicle behind, the anterior
of the Trapezius.*
Relations.
By its superficial surface, with the integument and Platysma,
from which it is separated by the external jugular vein, the superficial branches
By its
of the cervical plexus, and the anterior layer of the deep cervical fascia.
deep surface, it is in relation with the Sterno- clavicular articulation a process of
the deep cervical fascia the Sterno-hyoid, Sterno-thyroid, Omo-hyoid, posterior
belly of the Digastric, Levator anguli scapulae, Splenius and Scaleni muscles
common carotid artery, internal jugular vein, commencement of the internal and
external carotid arteries, the occipital, subclavian, transversalis colli and suprascapular arteries and veins the pneumogastric, hypoglossal, descendens and
communicans hypoglossi nerves and the spinal accessory nerve, which pierces
;

margin

;

—

;

;

;

Fig. 313.

its

upper third

glands.

;

— Muscles of the neck, and boundaries

of the triangles.

the cervical plexus, part of the parotid gland and deep lymphatic

—The

is supplied by the facial and superficial
plexus
the Sterno-cleido-mastoid by the spinal
accessory and deep branches of the cervical plexus.
Actions.
When only one Sterno-mastoid muscle acts, it flexes the head and
draws it towards the shoulder of the same side, assisted by the Splenius and the
Obliquus capitis inferior of the opposite side. At the same time it rotates the
head so as to carry the face towards the opposite side. When both muscles are
brought into action, they serve to depress the head upon the neck, and the neck
upon the chest. If the head is fixed, they assist in elevating the thorax in forced

Nerves.

branches

of

the

Platysma myoides
cervical

;

—

inspiration.
*

The anatomy

vessels of the neck.

of these triangles will be

more exactly described with

that

of

the

;
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—

Surface Forvi. The anterior edge of the muscle forms a very promment ridge
beneath the skin, which it is important to notice, as it forms a guide to the surgeon
in making the necessary incisions for Hgature of the common carotid artery, and for
oesophagotomy.
Surgical Anatomy. The relations of the sternal and clavicular parts of the Sternomastoid should be carefully examined, as the surgeon is sometimes required to divide one
One vai-iety of this distortion is produced by
or both portions of the muscle in ivry-nech.
spasmodic contraction or rigidity of the Sterno-mastoid the head being carried down
towards the shoulder of the same side, and the face turned to the opposite side, and fixed
in that position. When there is permanent shortening, subcutaneous division of the
muscle is resorted to. This is performed by introducing a tenotomy knife beneath it,
close to its origin, and dividing it from behind forwards whilst the muscle is put well upon
There is seldom any difficulty in dividing the sternal portion, by making a
the stretch.
puncture on the inner side of the tendon, and then pushing a blunt tenotome behind it, and
In dividing the clavicular portion care must be taken to avoid wounding
cutting forwards.
the external jugular vein, which runs parallel with the posterior border of the muscle
If the external
in this situation, or the anterior jugular vein, which crosses beneath it.
jugular vein lies near the muscle, it is safer to make the first pimcture at the outer side of
the tendon, and introduce a blunt tenotome from without inwards. Many surgeons prefer
dividing the muscle by the open method. An incision is made over either origin of the
muscle, the tendon is exposed and a director is passed underneath it, and it is then divided.
With care and attention to asepsis this plan of treatment is devoid of risk, and in this way
the accidental division of the vessels can be avoided.
Some of the fibres of the Sternomastoid muscle are occa_sionally torn during birth, especially in breech presentations
this is accomj)anied by haemorrhage and formation of a swelling within the substance of
the muscle. This by some is believed to be one of the causes of wry-neck.

—

;

II.

Infra-hyoid Eegion

(figs.

313, 314)

Depressors of the Os Hyoides and Larynx
Sterno-hyoid.

Thyro-hyoid.

Sterno-thyroid.

Omo-hyoid.

—

Dissection.
The muscles in this region may be exposed by removing the deep fascia
from the front of the neck. In order to see the entire extent of the Omo-hyoid, it is
necessary to divide the Sterno-mastoid at its centre, and turn its ends aside, and to detach
the Trapezius from the clavicle and scapula. This, however, should not be done until the
Trapezius has been dissected.

The Sterno-hyoid is a thin, narrow, riband-hke muscle, which arises from the
inner extremity of the clavicle, the posterior sterno-clavicular ligament, and the
upper and posterior part of the first piece of the sternum passing upwards and
inwards, it is inserted, by short, tendinous fibres, into the lower border of the
;

body

of the os hyoides.
This muscle is separated, below, from its fellow by a
considerable interval
but they approach one another in the middle of their
;

and again diverge as they ascend.

It sometimes ]3resents, immediately
above its origin, a transverse tendinous intersection, like those in the Rectus
abdominis.
Relations.
By its superficial surface, below, with the sternum, the sternal
end of the clavicle, and the Sterno-mastoid and above, Avith the Platysma and
deep cervical fascia. By its deep surface, with the Sterno-thyroid, Crico-thyroid,
and Thyro-hyoid muscles, the thyroid gland, the superior thyroid vessels, the
thyroid cartilage, the crico-thyroid and thyro-hyoid membranes.
The Sterno-thyroid is shorter and wider than the preceding muscle, beneath
which it is situated. It arises from the posterior surface of the first bone of the
sternum, below the origin of the Sterno-hyoid, and from the edge of the cartilage
of the first rib, and occasionally of the second rib also
and is inserted into the
oblique line on the side of the ala of the thyroid cartilage. This muscle is in
close contact with its fellow at the lower part of the neck and is occasionally
traversed by a transverse or oblique tendinous intersection like those in the
Rectus abdominis.

course,

—

;

;

;
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Eelations.
By its anterior surface, with the Sterno-hyoid, Omo-hyoid, and
Sterno-mastoid. ~By its posterior surface, from below upwards, with the trachea,
vena innominata, common carotid (and on the right side the arteria innominata),

the thyroid gland and its vessels, and the lower part of the larynx.
The middle
thyroid vein lies along its inner border, a relation which it is important to
remember in the operation of tracheotomy.
The Thyro-hyoid is a small, quadrilateral muscle appearing like a continuation
It arises from the oblique line on the side of the thyroid
of the Sterno-thyroid.
cartilage, and passes vertically upwards to be inserted into the lower border of
the body and greater cornu of the hyoid bone.

Fig. 3 1 4.

Relations.

muscles.

—By

By

its

its

— Muscles of the neck.

Anterior view.

external surface, with the Sterno-hyoid and Omo-hyoid
thyi'oid cartilage, the thyro-hyoid

internal surface, with the

membrane, and the superior laryngeal vessels and nerve.
The Omo-hyoid passes across the side of the neck, from the scapula to the
hyoid bone. It consists of two fleshy bellies, united by a central tendon. It
arises from the upper border of the scapula, and occasionally from the transverse
ligament which crosses the suprascapular notch its extent of attachment to
the scapula varying from a few lines to an inch. From this origin, the posterior
belly forms a flat, narrow fasciculus, which inclines forwards and slightly upwards
across the lower part of the neck, behind the Sterno-mastoid muscle, where it
becomes tendinous it then changes its direction, forming an obtuse angle, and
terminates in the anterior belly, which passes almost vertically upwards, close to
;

;

the outer border of the Sterno-hyoid, to be inserted into the lower border of the
body of the os hyoides, just external to the insertion of the Sterno-hyoid. The
central tendon of this muscle, which varies much in length and form, is held in
position

of the deep cervical fascia, which includes it in a sheath.
prolonged down, to be attached to the cartilage of the first rib

by a process

This process

is
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and the sternum. It is by this means that the angular form of the muscle is
maintained.
This muscle subdivides each of the two large triangles at the side of the neck
into two smaller triangles; the two posterior ones being the 'posterior superior
the two anterior, the
or occipital, and the posterior inferior or subclavian
anterior superior or superior carotid, and the anterior inferior or inferior carotid
;

triangle.

—

Relations.
By its superficial surface, with the Trapezius, the Sternomastoid, deep cervical fascia, Platysma, and integument. By its deep surface,
with the Scaleni muscles, phrenic nerve, lower cervical nerves, which go to
form the brachial plexus, the suprascapular vessels and nerve, sheath of the
common carotid artery and internal jugular vein, the Sterno-thyroid and Thyro-

hyoid muscles.
Nerves. The Thyro-hyoid is supplied by the hypoglossal the other muscles
of this group by branches from the loop of communication between the descendens

—

;

and communicans hypogiossi.
Actions.
These muscles depress the larynx and hyoid bone, after they have
been drawn up with the pharynx in the act of deglutition. The Omo-hyoid
muscles not only depress the hyoid tone, but carry it backwards, and to one or
the other side.
It is concerned especially in prolonged inspiratory efforts
for
by tensing the lower part of the cervical fascia it lessens the inward suction of
the soft parts, which would otherwise compress the great vessels and the
apices of the lungs.
The Thyro-hyoid may act as an elevator of the thyroid
cartilage, when the hyoid bone ascends, .drawing upwards the thyroid cartilage,

—

;

behind the os hyoides.*

The Sterno-thyroid

acts as a depressor of the thyroid

cartilage.

III.

SUPEA-HYOID EeGION

Elevators of the Os

(figS.

3 1 3, 3 1 4)

Hyoides — Depeessors

of the

Lower Jaw

Mylo-hyoid.
Genio-hyoid.

Digastric.

Stylo-hyoid.

—

Dissection.
To dissect these muscles, a block should be placed beneath the back of
the neck, and the head drawn backwards, and retained in that position.
On the removal
of the deep fascia, the muscles are at once exposed.

The Digastric consists of two fleshy bellies united by an intermediate,
rounded tendon. It is a small muscle, situated below the side of the body of the
lower jaw, and extending, in a curved form, from the side of the head to the
symphysis of the jaw. ^he posterior belly, longer than the anterior, arises from
the digastric groove on the inner side of the mastoid process of the temporal
bone, and passes downwards, forwards, and inwards. The anterior belly arises
from a depression on the inner side of the lower border of the jaw, close to the
symphysis, and passes downwards and backwards. The two bellies terminate
in the central tendon which perforates the Stylo-hyoid, and is held in connection
with the side of the body and the greater cornu of the hyoid bone by a fibrous
loop, lined by a synovial membrane.
A broad aponeurotic layer is given off from
the tendon of the Digastric on each side, which is attached to the body and
It
great cornu of the hyoid bone this is termed the supra-hyoid aponeurosis.
forms a strong layer of fascia between the anterior portion of the two muscles,
and a firm investment for the other muscles of the supra-hyoid region which lie
;

deeper.

The Digastric muscle divides the anterior superior triangle of the neck into
two smaller triangles the upper, or submaxillary, being bounded, above, by the
;

'

* It is this action of the Thyro-hyoid muscle which, as Dr. Buchanan has pointed out,
causes or permits the folding back of the epiglottis over the upper orifice of the larynx.'

Journ. of Anat. and Phys. 2nd
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lower border of the body of the jaw, and a hne drawn from its angle to the
mastoid process below, by the posterior belly of the Digastric and the Stylohyoid muscles in front, by the middle line of the neck, and anterior belly of the
Digastric
the lower or superior carotid triangle being bounded above by the
posterior belly of the Digastric, behind by the Sterno-mastoid, below by the Omo;

;

:

hyoid.

—

Relations.
By its superficial surface, with the Platysma, Sterno-mastoid,
part of the Splenius, Trachelo-mastoid, and Stylo-hyoid muscles, and the.p^-rotid
By its deep surface, the anterior belly hes on the Mylo-hyoid the
gland.
posterior belly on the Stylo-glossus, Stylo-phaiyngeus, and Hyo-glossus muscles,
the external carotid artery and its lingual and facial branches, the internal carotid
;

artery, internal jugular vein,

The Stylo-hyoid

and hypoglossal nerve.

of, and above, the
from the back and outer surface of the
and, passing downwards and forwards, is inserted
styloid process, near the base
into the body of the hyoid bone, just at its junction with the greater cornu, and
immediately above the Omo-hyoid. This muscle is perforated, near its insertion,
by the tendon of the Digastric.
Relations.
By its superficial surface, above with the parotid gland and deep
cervical fascia
below it is superficial, being situated immediately beneath the
deep cervical fascia. By its deep surface, with the posterior belly of the Digastric,
the external carotid artery, with its lingual and facial branches and the Hyo-

is

a small, slender muscle, lying in front

posterior belly of the Digastric.

It arises

;

—
;

glossus muscle.

—

The Stylo-hyoid ligament. In connection with the Stylo-hyoid muscle haay
be described a ligamentous band, the Stylo-hyoid ligament. It is a fibrous cord,
often containing a little cartilage in its centre, which continues the styloid process
down to the hyoid bone, being attached to the tip of the former and the small
cornu of the latter. It is often more or less ossified, and in many animals forms
a distinct bone, the epihyal.
The

Digastric and Stylo-hj'oid should be removed, in order to expose the next muscle.

The Mylo-hyoid is a flat, triangular muscle, situated immediately beneath
the anterior belly of the Digastric, and forming, with its fellow of the opposite
side, a muscular floor for the cavity of the mouth. It arises from the whole
length of the mylo-hyoid ridge, extending from the symphysis in front to the last
posterior fibres pass inwards and slightly downwards,
body of the os hyoides. The middle and anterior fibres
are inserted into a median fibrous raphe, extending from the symphysis of the
lower jaw to the hyoid bone, where they join at an angle with the fibres of the
opposite muscle. This median raphe is sometimes wanting the muscular fibres
of the two sides are then directly continuous with one another.

molar tooth behind.

The

to be inserted into the

;

Relations.

—By

its

cutaneous or -under surface, with the Platysma, the anterior

belly of the Digastric, the supra-hyoid aponeurosis, the submaxillary gland, sub-

mental vessels, and mylo-hyoid vessels and nerve. By its deep or superior surface,
with the Genio-hyoid, part of the Hyo-glossus, and Stylo-glossus muscles, the
hypo-glossal and lingual nerves, the submaxillary ganglion, the sublingual gland,
the deep portion of the submaxillary gland and Wharton's duct the sublingual
and ranine vessels, and the buccal mucous membrane.
;

—

Dissection.
The Mylo-hyoid should now be removed, in order to expose the muscles
which lie beneath this is effected by detaching it from its attachments to the hyoid bone
and jaw, and separating it by a vertical incision from its fellow of the opposite side.
;

The Genio-hyoid is a narrow, slender muscle, situated immediately beneath*
the inner border of the preceding. It arises from the inferior genial tubercle on
the inner side of the symphysis of the jaw, and passes downwards and backwards,
* This refers to the depth of the muscles from the skin in the order of dissection.
the erect position of the body each of these muscles lies above the preceding.

In

;
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be inserted into the anterior surface of the body of the os hyoides. This muscle
contact with its fellow of the opposite side, and increases shghtly in

lies in close

breadth as
glossus.

descends.
It is covered by the Mylo-hyoid, and

it

Relations.

—

—

lies

on the Genio-hyo-

Nerves.
The Digastric is supplied its anterior belly, by the mylo-hyoid
branch of the inferior dental its posterior belly, by the facial the Stylo-hyoid,
by the facial the Mylo-hyoid, by the mylo-hyoid branch of the inferior dental
:

;

;

;

the Genio-hyoid, by the hypoglossal.

—

This group of muscles performs two very important actions. They
hyoid bone, and with it the base of the tongue, during the act of deglutior, when the hyoid bone is fixed by its depressors and those of the larynx,
tion
they depress the lower jaw. During the first act of deglutition, when the mass
is being driven from the mouth into the pharynx, the hyoid bone, and with it the
tongue, is carried upwards and forwards by the anterior belly of the Digastric,
the Mylo-hyoid, and Genio-hyoid muscles.
In the second act, when the mass is
passing through the pharynx, the direct elevation of the hyoid bone takes place
by the combined action of all the muscles and after the food has passed, the
hyoid bone is carried upwards and backwards by the posterior belly of the
Digastric and Stylo-hyoid muscles, which assist in preventing the return of the
morsel into the mouth.
Actions.

raise the
;

;

IV. Lingual Eegion
Genio-hyo-glossus.
Stylo-glossus.
Hyo-glossus.
Palato-giossus.
Chondro-glossus.

—

Dissection. After completing the dissection of the preceding muscles, saw through
the lower jaw just external to the symphysis.
Then draw the tongue forwards, and
attach it, by a stitch, to the nose when its muscles, which are thus put on the stretch, may
;

be examined.

The Genio-hyo-glossus has received its name from its triple attachment to
and tongue, but it would be better named the Genio-glossus,

the jaw, hyoid bone,

its attachment to the hyoid bone is very slight or altogether absent. It is a
triangular muscle, placed vertically on either side of the middle line, its apex

since
flat,

corresponding with

point of attachment to the lower jaw,

its

its

base with

its

and hyoid bone. It arises by a short tendon from the
superior genial tubercle on the inner side of the symphysis of the jaw, immediately
above the Genio-hyoid from this point the muscle spreads out in a fan-like form,_
a few of the inferior fibres passing downwards, to be attached by a thin
aponeurosis into the upper part of the body of the hyoid bone, a few fibres passing between the Hyo-glossu^s and Chondro-glossus to blend with the constrictor
muscles of the pharynx the middle fibres passing backwards, and the superior
ones upwards and forwards, to enter the whole length of the under surface of
the tongue, from the base to the apex.
The two muscles lie on either side of themedian plane behind, they are quite distinct from each other, and are separated
at their insertion into the under surface of the tongue by k tendinous raphe, which
extends through the middle of the organ in front, the two muscles are more or
less blended
distinct fasciculi are to be seen passing off from one muscle,,
crossing the middle line, and intersecting with bundles of fibres derived from the
muscle on the other side (fig. 316).

insertion into the tongue

;

;

;

;

:

Relations.— By
opposite side.

its

internal surface

it

is

By its external surface, with the

in contact

with

its

fellow of the

Inferior lingualis, the Hyo-glossus,

the lingual artery and hypoglossal nerve, the lingual nerve, and sublingual gland.
By its u^jper border, with the mucous membrane of the floor of the mouth

(frsenum linguae). By its loiver border, with the Genio-hyoid.
The Hyo-glossus is a thin, flat, quadrilateral muscle, which arises from the

MUSCLES AND FASCIiE

414

side of the body, and whole length of the greater cornu of the hyoid bone, and
passes almost vertically upwards to enter the side of the tongue, between the
Those fibres of this muscle which arise from the
Stylo-giossus and Lingualis.
body are directed upwards and backwards, overlapping those arising from the
greater cornu, which are directed upwards and forwards.
Relations.
By its external surface, with the Digastric, the Stylo-hyoid, Styloglossus, and Mylo-hyoid muscles, the submaxillary ganglion, the lingual and
hypoglossal nerves, Wharton's duct, and the deep portion of the submaxillary
By its deep surface, with the Stylo-hyoid ligament, the Genio-hyo-glossus,
gland.
Lingualis, and Middle constrictor, the lingual vessels, and the giosso-pharyngeal
nerve.
The Chondro-glossus is a distinct muscular slip, though it is sometimes
described as a part of the Hyo-glossus, from which, however, it is separated by

—

Fig. 315.

— Muscles of the tongue.

Left side.

the fibres of the Genio-hyo-glossus, which pass to the side of the pharynx.
It is
about three-quarters to an inch in length, and arises from the inner side and
base of the lesser cornu and contiguous portion of the body of the hyoid bone, and

passes directly upwards to blend with the intrinsic muscular fibres of the tongue,
between the Hyo-glossus and Genio-hyo-glossus. A small slip of muscular
fibre is occasionally found, arising from the cartilago triticea in the thyro-hyoid
ligament, and passing upwards and forwards to enter the tongue with the
hindermost fibres of the Hyo-glossus.
The Stylo-glossus, the shortest and smallest of the three styloid muscles, arises
from the anterior and outer side of the styloid process, near its apex, and from the
stylo-maxillary ligament, to which its fibres, in most cases, are attached by a thin
aponeurosis. Passing downwards and forwards between the internal and external
carotid arteries, and becoming nearly horizontal in its direction, it divides upon
the side of the tongue into two portions one longitudinal, which enters the side
of the tongue near its dorsal surface, blending with the fibres of the Lingualis in
:
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front of the

rQuscle

Hyo-glossus

the other obHque which overlaps the Hyo-glossus

;

and decussates with

Relations.

—By

its
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its fibres.

external surface, from above downwards, with the parotid

gland, the Internal pterygoid muscle, the lingual nerve,

mouth. By its internal surface, with the
and the Hyo-glossus muscle.

of the

and the mucous membrane

tonsil, the

Superior constrictor,

The Palato-glossus, or Constrictor isthmi faucium, although it is one of the
muscles of the tongue, serving to draw its base upwards during the act of
deglutition, is more nearly associated with the soft palate, both in its situation
and function it will, consequently, be described with that group of muscles.
Nerves.
The Palato-glossus is probably innervated by the spinal accessory
the remaining muscles of this group by
nerve, through the pharyngeal plexus
;

—

;

the hypoglossal.

—

Muscular substance of tongue. The muscular fibres of the tongue run in
various directions.
These fibres are divided into two sets Extrinsic and

—

—

Fig. 316.
iluscles of the tongue from below.
From a preparation in the Museum of the
Ptoyal College of Surgeons of England.

CHOMDRO-GLOSSUS

Fig. 317. -Muscles on the dorsum
of the tongue.

Cut edge of Superficial lingualis

of the tongue are those which have their origin
contained in the substance of the organ.
fibres
only their terminal

The

Intrinsic.

extrinsic

muscles

external and
They are the Stylo-glossus, the Hyo-glossus, the Palato-glossus, the Genio-hyo(Pharyngeo-glossus).
glossus, and part of the Superior constrictor of the pharynx
the tongue, and form
within
entirely
contained
are
intrinsic are those which
:

The

the greater part of its muscular structure.
The tongue consists of symmetrical halves separated from each other in the
fibres
middle line by a fibrous septum. Bach half is composed of muscular
by
arranged in various directions, containing much interposed fat, and supphed

and nerves.
To demonstrate the various fibres

vessels

of the tongue, the

organ should be subjected
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to prolonged boiling, in oixler to soften the connective tissue the dissection may
then be commenced from the dorsum (fig. 317). Immediately beneath the mucous
;

membrane is a submucous, fibrous layer, into which the muscular fibres which
terminate on the surface of the tongue are inserted. Upon removing this, with
the mucous membrane, the first stratum of muscular fibres is exposed. This
belongs to the group of intrinsic muscles, and has been named thfe Superior
It consists of a thin layer of oblique and longitudinal fibres, which
lingualis.
arise from the submucous fibrous layer, close to the Epiglottis, and from the
fibrous septum, and pass forwards and outwards to the edges of the tongue.
Between its fibres pass some vertical fibres derived from the Genio-hyo-glossus
and from the vertical intrinsic muscle, which will be described later on. Beneath
this layer is the second stratum of
muscular fibres, derived principally
Fig. 318. Coronal section of tongue.
Showing
intrinsic muscles.
(Altered from Krause.)
from the extrinsic muscles. In
front, it is formed by the fibres
derived from the Stylo-glossus,
nPa{-j\inAaroW>.T
xrfi^'
running along the side of the
tongue, and sending one set of
fibres over the dorsum which runs
obliquely forwards and inwards to
the middle line, and another set of
fibres, seen at a later period of the
dissection, on to the under surface
of the sides of the anterior part of
the tongue, w^hich runs forwards
and inwards, between the fibres of
the Hyo-glossus, to the middle

—

^>^

Behind this layer of fibres,
derived from the Stylo-glossus, are
fibres derived from
the
Hyoline.

^

glossus, assisted

by some few fibres

of the Palato-glossus.
a,

lingual artery ; h, Inferior lingualis. cut tlirough c, fibres
of Hyo-glossus ; d, oblique fibres of Stylo-glossus ; e, insertion of Transverse lingualis ; /, Superior lingualis ; g,
liapillEe of tongue ; h, vertical fibres of G-enio-hyo-glossus
;

The Hyo-

glossus, entering the side

of the

under surface of the tongue,
intersecting Transverse lingualis
septum.
between the Stylo-glossus and
Inferior lingualis, passes round its
margin and spreads out into a layer on the dorsum, which occupies the middle
third of the organ, and runs almost transversely inwards to the septum.
It is
reinforced by some fibres from the Palato-glossus other fibres of this muscle
pass more deeply and intermingle with the next layer. The posterior part of the
second layer of the muscular fibres of the tongue is derived from those fibres of
the Hyo-glossus which arise from the lesser cornu of the hyoid bone, and are
here described as a separate muscle the Chondro-glossus. The fibres of this
muscle are arranged in a fan-shaped manner, and spread out over the posterior
third of the tongue.
Beneath this layer is the great mass of the intrinsic muscles
of the tongue, intersected at right angles by the terminal fibres of one of the
extrinsic mu.scles
the Genio-hyo-glossus. This portion of the tongue is paler
in colour and softer in texture than that already described, and is sometimes
designated the medullary portion in contradistinction to the firmer superficial part,
which is termed the cortical portion. It consists largely of transverse fibres, the
Transverse lingualis, and of vertical fibres, the Vertical lingualis. The Transverse
lingualis forms the largest portion of the third layer of muscular fibres of the
tongue.
The fibres arise from the median septum, and pass outwards to be inIntermingled
serted into the submucous fibrous layer at the sides of the tongue.
with these transverse intrinsic fibres are transverse extrinsic fibres derived from
the Palato-glossus and the Superior constrictor of the pharynx. These transverse
extrinsic fibres, however, run in the opposite direction, passing inwards towards
;

i,

;

—

—
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Intersecting the transverse fibres are a large number of vertical
the septum.
fibres derived partly from the Genio-hyo-glossus and partly from intrinsic fibres,
The fibres derived from the Genio-hyo-glossus enter the
the Vertical lingualis.

under surface of the tongue on each side of the median septum from base to apex.
They ascend in a radiating manner to the dorsum, being inserted into the submucous fibrous layer covering the tongue on each side of the middle line. The
Vertical lingualis is found only at the borders of the fore part of the tongue,
Its fibres extend from the upper
external to the fibres of the Genio-hyo-glossus.
to the under surface of the organ, decussating with the fibres of the other muscles,
and especially with the Transverse lingualis. The fourth layer of muscular fibres
of the tongue consists partly of extrinsic fibres derived from the Stylo-glossus, and
partly of intrinsic fibres, the Inferior lingualis. At the sides of the under surface
of the organ are some fibres derived from the Stylo-giossus, which, as it runs
forwards at the side of the tongue, gives off fibres which, passing forwards and
inwards between the fibres of the Hyo-glossus, form an inferior oblique stratum
which joins in front with the anterior fibres of the Inferior lingualis. The
Inferior lingualis is a longitudinal band, situated on the under surface of the
tongue, and extending from the base to the apex of the organ. Behind, some of
It lies between the Hyoits fibres are connected with the body of the hyoid bone.
glossus and the Genio-hyo-glossus, and in front of the Hyo-glossus it gets into
relation with the Stylo-glossus, with the fibres of which it blends.
It is in
relation by its under surface with the ranine artery.

—

Surgical Anatomy. The fibrous septum which exists between the two halves of the
tongue is very complete, so that the anastomosis between the two lingual arteries is not
very free, a fact often illustrated by injecting one-half of the tongue with coloured size,
while the other half is left uninjected, or is injected with size of a different colour.
This is a point of considerable importance in connection with removal of one-half of
the tongue for cancer, an operation which is now frequently resorted to when the disease
is strictly confined to one side of the tongue.
If the nuicous membrane is divided longitudinaUy exactly in the middle line, the tongue can be split into halves along the median
raphe, without any appreciable htemorrhage, and the diseased half can then be removed.

—

The movements of the tongue, although numerous and complicated,
be understood by carefully considering the direction of the fibres of its
muscles. The Genio-hyo-glossi muscles, by means of their posterior fibres, draw
the base of the tongue forwards, so as to protrude the apex from the mouth. The
anterior fibres draw the tongue back into the mouth.
The whole length of these
two muscles acting along the middle line of the tongue draw it downwards, so as to
make it concave from side to side, forming a channel along which fluids may pass
towards the pharynx, as in sucking. The Hyo-glossi muscles depress the tongue,
and draw down its sides, so as to render it convex from side to side. The Styloglossi muscles draw the tongue upwards and backwards.
The Palato-glossi
muscles draw the base of the tongue upwards. AVith regard to the intrinsic
muscles, both the Superior and Inferior linguales tend to shorten the tongue, but the
former, in addition, turn the tip and sides upwards so as to render the dorsum
concave, while the latter pull the tip downwards and cause the dorsum to become
convex. The Transverse lingualis narrows and elongates the tongue, and the
Vertical lingualis flattens and broadens it.
The complex arrangement of the
muscular fibres of the tongue, and the various directions in which they run, give
to this organ the power of assuming the various forms necessary for the enunciation of the difl'erent consonantal sounds
and Dr. Macalister states there is
reason to believe that the musculature of the tongue varies in different races
owing to the hereditary practice and habitual use of certain motions required for
enunciating the several vernacular languages.'
Actions.

may

'

;

EE

;

.
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V.

Pharyngeal Region
Superior constrictor.
Stylo -pharyn geus

Inferior constrictor.

Middle constrictor.
Palato-pharyngeus.
Salpingo-pharyngeus.

(See next section.)

—

Dissection (fig. 319). In order to examine the muscles of the pharynx, cut through
the trachea and cesophagus just above the sternum, and draw them upwards by dividing
the loose areolar tissue connecting the pharynx with the front of the vertebral column.
The parts being drawn well forwards, apply the edge of the saw immediately behind the
styloid processes, and saw the base of the skull through from below upwards.
The
pharynx and mouth should then be stuffed with tow, in order to distend its cavity and
render the muscles tense and easier of dissection.

The

Inferior constrictor,

constrictors, arises

the most superficial and thickest of the three
of the cricoid and thyroid cartilages.
To the

from the sides

attached in the interval between the Crico-thyroid muscle in
front, and the articular facet for
the thyroid cartilage behind. To
Fig. 319. —Muscles of the pharynx.
the thyroid cartilage it is attached
External view.
to the oblique line on the side of
the great ala, to the cartilaginous
surface behind it, nearly as far as
its posterior border, and to the
inferior cornu. Prom these attachments the fibres spread backvi^ards
and inwards, to be inserted into
the fibrous raphe in the posterior
median line of the pharynx. The

cricoid cartilage

it is

inferior fibres are horizontal,

and

continuous with the fibres of the
the rest ascend, inoesophagus
creasing in obliquity, and overlap
;

the Middle constrictor.
Relations.
It is covered by a

—

dense cellular membrane which
pharynx
surrounds the entire
(pharyngeal fascia). Behind, it is
in
with the vertebral
relation

column
muscles

and
;

the

laterally,

gland, the

prevertebral

with the thyroid

common

carotid artery,

and the Sterno-thyroid muscle
by its internal surface, with the
Middle constrictor, the Stylopharyngeus,
the

Palato-^Dharyngeus,

coat and mucous
The
of the pharynx.

fibrous

membrane

superior laryngeal nerve and artery pass near the upper border, and the inferior, or
recurrent larjmgeal, beneath the lower border of this muscle, previous to their

entering the larynx.

The Middle

constrictor

is

a flattened, fan-shaped muscle, smaller than the

from the whole length of the upper border of the greater
cornu of the hyoid bone, from the lesser cornu, and from the stylo-hyoid ligament.
The fibres diverge from their origin the lower ones descending beneath the
Inferior constrictor, the middle fibres passing transversely, and the upper fibres
ascending and overlapping the Superior constrictor. The muscle is inserted into
preceding.

It arises

:
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the posterior median fibrous raphe, blending in the middle line with the one of the
opposite side.
This muscle is separated from the Superior constrictor by the
Relations.
glosso-pharyngeal nerve and the Stylo-pharyngeus muscle
and from the

—

;

by the superior laryngeal nerve. Behind, it lies on the
vertebral column, the Longus colli, and the Eectus capitis anticus major.
On
each side \i is in relation with the carotid vessels, the pharyngeal plexus, and some
lymphatic glands. Near its origin it is covered by the Hyo-glossus, from which
It lies upon the Superior constrictor, the
it is separated by the lingual vessels.
Stylo-pharyngeus, the Palato-pharyngeus, the fibrous coat, and the mucous
Inferior constrictor

membrane of the pharynx.
The Superior constrictor
other constrictors,

is

a quadrilateral muscle, thinner and paler than the
at the upper part of the pharynx.
It arises from

and situated

the lower third of the posterior margin of the internal pterygoid plate and its
hamular process, from the contiguous portion of the palate bone and the reflected
tendon of the Tensor palati muscle, from the pterygo-maxillary ligament, from
the alveolar process above the posterior extremity of the mylo-hyoid ridge, and
by a few fibres from the side of the tongue. Prom these points the fibres curve
backwards, to be inserted into the median raphe, being also prolonged by means

aponeurosis to the pharyngeal spine on the basilar process of the
The superior fibres arch beneath the Levator palati and the
Eustachian tube, the interval betw^een the upper border of the muscle and the
basilar process being deficient in muscular fibres, and closed by fibrous membrane.
This interval is known as the sinus of Morgagni.
Relations.
By its outer surface, with the vertebral column, the internal
carotid artery, the internal jugular vein, the glosso-pharyngeal, pneumogastric,
spinal accessory, hypoglossal, and sympathetic nerves, the Middle constrictor
which overlaps it, and the Stylo-pharyngeus. By its internal surface, with the
Palato-pharyngeus, the tonsil, the fibrous coat and mucous membrane of the
pharynx.
The Stylo-pharyngeus is a long, slender muscle, round above, broad and thin
below.
It arises from the inner side of the base of the styloid process, passes
downwards along the side of the pharynx between the Superior and Middle
of a fibrous

occipital bone.

—

constrictors,

and spreads out beneath the mucous membrane, where some of its
muscles and others, joining with the Palato-

fibres are lost in the Constrictor

;

pharyngeus, are inserted into the posterior border of the thyroid cartilage. The
glosso-pharyngeal nerve runs on the outer side of this muscle, and crosses over
it in passing forward to the tongue.
Relations.
Externallij, with the Stylo-glossus muscle, the parotid gland, the
external carotid artery, and the Middle constrictor.
Internally, with the internal
carotid, the internal jugular vein, the Superior constrictor, Palato-pharyngeus

—

and mucous membrane.

— The

Constrictors are supplied by branches from the pharyngeal
by the glosso-pharyngeal nerve, and the Inferior
constrictor by additional branches from the external and recurrent laryngeal
nerves.
Actions.
When deglutition is about to be performed, the pharynx is drawn

Nerves.

plexus, the Stylo-pharyngeus

—

upwards and dilated in different. directions, to receive the morsel propelled into it
from the mouth. The Stylo-pharyngei, which are much farther removed from
one another at their origin than at their insertion, draw the sides of the pharynx
upwards and outwards, and so increase its transverse diameter its breadth in the
antero-posterior direction being increased by the larynx and tongue being carried
forwards in their ascent. As soon as the morsel is received in the pharynx, the
Elevator muscles relax, the bag descends, and the Constrictors contract upon
the morsel, and convey it gradually downwards into the oesophagus. Besides
its action in deglutition, the pharynx also exerts an important influence in the
;

modulation

of the voice, especially in the

production of the higher tones.
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VI.

Palatal Eegion

Levator palati.
Tensor palati.

Azygos

Palato-glossus.

Palato-pharyngeus.
Salpingo-pharyngeus.

uvulae.

—

Dissection (fig. 320). Lay open the pharynx from behind, by a vertical incision
•extending from its upper to its lower part, and partially divide the occipital attachment
by a transverse incision on each side of the vertical one the posterior surface of the soft
Having fixed the uvula so as to make it tense, the mucous mempalate is then exposed.
brane and glands should be carefully removed from the posterior surface of the soft palate
and the muscles of this part are at once exposed.
;

The Levator

palati

of the posterior nares.

Fig. 320.

is

a long, thick, rounded muscle, placed on the outer side

It arises

from the under surface

— Muscles of the soft palate.

"

of the

The pharynx being

/

k a

laid

apex

of the petrous

open from behind.

ij

portion of the temporal bone, and from the adjoining cartilaginous portion of the
Eustachian tube after passing into the pharynx, above the upper concave margin
;

it passes obliquely downwards and inwards, its fibres
spreading out in the soft palate as far as the middle line, where they blend with
those of the opposite side.
Externally, with the Tensor palati and Superior constrictor.
Relations.
Posteriorly, with the
.Internally, with the mucous membrane of the pharynx.
posterior fasciculus of the Palato-pharyngeus, the A.zygos uvulae, and the mucous

of the Superior constrictor,

—

lining of the soft palate.

;
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The Circumflexus or Tensor palati is a broad, thin, riband-hke muscle, placed
on the outer side of the Levator palati, and consisting of a vertical and a horizontal
The vertical portion arises by a broad, thin, and flat lamella from the
portion.
scaphoid fossa at the base of the internal pterygoid plate from the spine of the
sphenoid the vaginal process of the temporal bone and the outer side of the
cartilaginous portion of the Eustachian tube
descending vertically between the
;

:

:

and the inner surface of the Internal pterygoid muscle,
it terminates in a tendon, which winds round the hamular process, being retained
in this situation by some of the fibres of origin of the Internal pterygoid muscle.
Between the hamular process and the tendon is a small bursa. The tendon or
horizontal portion then passes horizontally inwards, and is inserted into a broad
aponeurosis, the •palatine aponeurosis, and into the transverse ridge on the
internal pterygoid plate

horizontal portion of the palate bone.

—Externally,

with the Internal pterygoid. Internally, with the
separated by the Superior constrictor, and with
In the soft palate, its tendon and the palatine
the internal pterygoid plate.
aponeurosis is anterior to that of the Levator palati, being covered by the PalatoRelations.

Levator

palati,

from which

it is

and the mucous membrane.
Palatine Aponeurosis. Attached to the posterior border of the hard palate is
a thin, firm, fibrous lamella which supports the muscles and gives strength to the
soft palate.
It is thicker above than below, w^here it becomes very thin and
diflicult to define.
Laterally, it is continuous with the pharyngeal aponeurosis.
glossus

—

The Azygos uvulae is not a single muscle, as would be inferred from its name,
but a pair of narrow cylindrical fleshy fasciculi, placed on either side of the
median fine of the soft palate. Each muscle arises from the posterior nasal
spine of the palate bone, and from the contiguous tendinous aponeurosis of the
soft palate, and descends to be inserted into the uvula.
Relations. Anteriorly, with the tendinous expansion of the Levatores palati

—

behind, with the posterior fasciculus of the Palato-pharyngeus

and the mucous

membrane.
The two next muscles are exposed by
of the soft palate throughout nearly their

The

removing the mucous membrane from the
whole extent.

Palato-glossus (Constrictor isthmi faucium)

narrower in the middle than

membrane covering

its

at

either

is

pillars

a small fleshy fasciculus,

extremity, forming, with the

surface, the anterior pillar of the soft palate.

mucous
It arises

from the anterior surface of the soft palate on each side of the uvula, and, passing
downwards, forwards, and outwards in front of the tonsil, is inserted into the
side of the tongue, some of its fibres spreading over the dorsum, and others
passing deeply into the substance of the organ to intermingle with the Transversus
linguas.
In the soft palate, the fibres of this muscle are continuous with those
of the muscle of the opposite side.
The Palato-pharyngeus is a long, fleshy fasciculus, narrower in the middle
than at either extremity, forming, with the mucous membrane covering its surface,
the posterior pillar of the soft palate. It is separated from the Palato-glossus
by an angular interval, in which the tonsil is lodged. It arises from the soft
palate by an expanded fasciculus, which is divided into two parts by the Levator
palati and Azygos uvulae.
The jMsterior fasciculus lies in contact with the mucous
membrane, and joins with the corresponding muscle in the middle line the
anterior fasciculus, the thicker, lies in the soft palate between the Levator and
Tensor, and joins in the middle line the corresponding part of the opposite
muscle.
Passing outwards and downwards behind the tonsil, the Palatopharyngeus joins the Stylo-pharyngeus, and is inserted with that muscle into
the posterior border of the thyroid cartilage, some of its fibres being lost on the
side of the pharynx, and others passing across the middle hue posteriorly, to
;

decussate with the muscle of the opposite side.
Relations.
In the soft palate, its posterior surface

—

is

covered by mucous

;
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membrane, from which

it

is

By

separated by a layer of palatini glands.

its

Tensor palati. Where it forms the
posterior pillars of the fauces, it is covered by mucous membrane, excepting on
its outer surface.
In the pharynx it lies between the mucous membrane and
anterior surface

it

is

in relation with the

the Constrictor muscles.

The Salpingo-pharyngeus.

— This muscle arises

from the inferior part of the
passes downwards and blends with the
posterior fasciculus of the Palato-pharyngeus.
In a dissection of the soft palate from its posterior or nasal surface to its
anterior or oral surface, the muscles would be exposed in the following order
viz. the posterior fasciculus of the Palato-pharyngeus, covered over by the
mucous membrane reflected from the floor of the nasal fossae the Azygos uvulae
the Levator palati
the
the anterior fasciculus of the Palato-pharyngeus
aponeurosis of the Tensor palati, and the Palato-glossus covered over by a
reflection from the oral mucous membrane.
Nerves. The Tensor palati is supplied by a branch from the otic ganglion
the remaining muscles of this group are in all probability supplied by the internal
branch of the spinal accessory, whose fibres are distributed along with certain
branches of the pneumogastric through the pharyngeal plexus.*
Actions.
During the first stage of deglutition, the morsel of food is driven
back into the fauces by the pressure of the tongue against the hard palate the
base of the tongue being, at the same time, retracted, and the larynx raised with
the pharynx, and carried forwards under it.
During the second stage, the
epiglottis is pressed over the superior aperture of the larynx, and the morsel
glides past it
then the Palato-glossi muscles, the constrictors of the fauces,
contract behind the food the soft palate is slightly raised by the Levator palati,
and made tense by the Tensor palati and the Palato-pharyngei, by their contraction, pull the pharynx upwards over the morsel of food, and at the same time
come nearly together, the uvula filli?ig up the slight interval between them. By
these means the food is prevented passing into the upper part of the pharynx or
the posterior nares at the same time, the latter muscles form an inclined plane,
directed obliquely downwards and backwards, along the under surface of which
the morsel descends into the lower part of the pharynx. The Salpingo-pharyngeus
raises the upper and lateral part of the pharynx
i.e. that part which is above
the point where the Stylo-pharyngeus is attached to the pharynx.
Eustachian tube near

its

orifice

;

it

:

;

;

;

—

—

:

;

;

;

;

;

—

Surgical Anatomy. The muscles of the soft palate should be carefully dissected, the
relations they bear to the surrounding parts especially examined, and their action attentively studied upon the dead subject, as the siu-geon is required to divide one or more of
these muscles in the operation of staphyloraphy.
Sir W. Fergusson was the first to show
that in the congenital deficiency called cleft palate, the edges of the fissure are forcibly
separated by the action of the Levatores palati and Palato-pharyngei muscles, producing
very considerable impedinient to the healing process after the performance of the operation for uniting tlieh margins by adhesion
he, consequently, recommended the division
of these muscles as one of the most iiuportant steps in the operation.
This he effected by
an incision made with a curved knife introduced behind the soft palate. The incision is
to be half-way between the hamular process and Eustachian tube, and perpendicular to a
line drawn between thein.
This incision perfectly accoinplishes the division of the Levator
palati.
The Palato-pharyngeus may be divided by cutting across the j)Osterior pillar of
the soft palate, just below the tonsil, with a pair of blunt-pointed curved scissors and the
anterior pillar may be divided also.
To divide the Levator palati, the plan recommended
by Mr. Pollock is to be greatlj' preferred. The soft palate being put upon the stretch, a
double-edged knife is passed through it just on tlie inner side of the haiuular process,
and above the line of the Levator palati. The handle being now alternately raised and
depressed, a sweeping cut is made along the posterior surface of tlie soft palate, and the
knife withdrawn, leaving only a small opening in the mucous membrane on the anterior
surface.
If this operation is performed on the dead body, and the parts afterwards dissected, the Levator palati will be found completely divided.
Li the present day, however,
this division of the muscles, as part of the operation of staphyloraphy, is not so much
insisted upon.
All tension is prevented by making longitudinal incisions, on either side,
;

;

*

Journal of Anatomy and Physiology,

vol. xxiii. p. 523.
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such a position as to avoid

the posterior palatine artery.

VII. Anterior

Eectus capitis anticus major.
Eectus capitis anticus minor.

Vertebral Eegion
Eectus capitis

Longus

lateralis.

colli.

The Rectus capitis anticus major (fig. 321), broad and thick above, narrow
below, appears like a continuation upwards of the Scalenus anticus.
It arises by
four tendinous slips from the anterior tubercles of the transverse processes of
Fig. 321.

— The prevertebral muscles.

fifth, and sixth cervical vertebrae, and ascends, converging towards
fellow of the opposite side, to be inserted into the basilar process of the

the third, fourth,
its

occipital bone.

Relations.

—By

its

anterior surface, with the pharynx, the sympathetic nerve,

and the sheath enclosing the internal and common carotid artery, internal
jugular vein, and pneumogastric nerve. By its posterior surface, with the
Longus colli, the Eectus capitis anticus minor, and the upper cervical vertebrae.
The Rectus capitis anticus minor is a short, flat muscle, situated immediately
behind the upper part of the preceding. It arises from the anterior surface of
the lateral mass of the atlas, and from the root of its transverse process, and
passing obhquely upwards and inwards, is inserted into the basilar process
immediately behind the preceding muscle.
Relations.
By its anterior surface, with the Eectus capitis anticus major.
By \t% posterior surface, with the front of the occipito-atlantal articulation.

—
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The Eectus capitis lateralis is a short, fiat muscle, which arises from the
upper surface of the transverse process of the atlas, and is inserted into the under
surface of the jugular process of the occipital bone.
Relations.
By its anterior surface, with the internal jugular vein. By its
posterior surface, with the vertebral artery.
On its outer side lies the occipital
artery
on its inner side the suboccipital nerve.

—

;

The Longus

colli is a long, flat muscle, situated on the anterior surface of the
between the atlas and the third dorsal vertebra. It is broad in the middle,
narrow and pointed at each extremity, and consists of three portions a superior
oblique, an inferior oblique, and a vertical portion.
The superior oblique portion
arises from the anterior tubercles of the transverse processes of the third, fourth,
and fifth cervical vertebras and, ascending obliquely inwards, is inserted by a
narrow tendon into the tubercle on the .anterior arch of the atlas. The inferior
oblique portion, the smallest part of the muscle, arises from the front of the bodies
of the first two or three dorsal vertebrae
and ascending obliquely outwards, is
inserted into the anterior tubercles of the transverse processes of the fifth and
sixth cervical vertebrae.
The vertical portion lies directly on the front of the
spine it arises, below, from the front of the bodies of the upper three dorsal
and lower three cervical vertebrae, and is inserted above into the front of the
bodies of the second, third, and fourth cervical vertebrae above.
Relations.
By its anterior surface, with the pharynx, the oesophagus,
sympathetic nerve, the sheath of the great vessels of the neck, the inferior
thyroid artery, and recurrent laryngeal nerve. By it's, p)osterior surface, with the
cervical and dorsal portions of the spine.
Its inner border is separated from the
opposite muscle by a considerable interval below but they approach each other

spine,

:

;

;

;

—

;

above.

VIII. Lateral

Vertebral Eegion

Scalenus anticus.
Scalenus medius.
Scalenus posticus.

The Scalenus anticus
of the neck,

is a conical-shaped muscle, situated deeply at the side
behind the Sterno-mastoid. It arises from the anterior tubercles of

the transverse processes of the third, fourth, fiftii, and sixth cervical vertebrae,
and descending, almost vertically, is inserted by a narrow, flat tendon into the
impression on the inner border and u.pper surface of the first rib. The lower
part of this muscle separates the subclavian artery and vein the latter being in
front, and the former, with the brachial plexus, behind.
Relations.
In front, with the clavicle, the Subclavius, Sterno-mastoid, and
Omo-hyoid muscles, the transversalis colli, the suprascapular and ascending
:

—

cervical arteries, the subclavian vein,

By

and the phrenic nerve.

surface, with the scalenus medius, pleura, the subclavian artery,

its posterior

and

brachial

plexus of nerves. It is separated from the Longus colli, on the inner side, by
the vertebral artery. On the anterior tubercles of the transverse processes of
the cervical vertebrge, between the attachments of the Scalenus anticus and

Longus colli, lies the ascending cervical branch of the inferior thyroid artery.
The Scalenus medius, the largest and longest of the three Scaleni, arises from
the posterior tubercles of the transverse processes of the lower six cervical
vertebrae, and descending along the side of the vertebral column is inserted by
a broad attachment into the upper surface of the first rib, behind the groove
for the subclavian artery, as far back as the tubercle.
It is separated from the

Scalenus anticus by the subclavian artery below and the cervical nerves above.
The posterior thoracic, or nerve of Bell, is formed in the substance of the
HcaloiJUH

medius and emerges from

Relations.

— By

the clavicle, the

its

it.

anterior surface, with the Sterno-mastoid

Omo-hyoid muscle, subclavian

artery,

;

and the

it is

crossed by

cervical nerves.
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To

its

outer side

is

the Levator anguli scapulas, and the
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Scalenus posticus

muscle.

The Scalenus

posticus, the smallest of the three scaleni, arises,

by two or three

separate tendons, from the posterior tubercles of the transverse processes of the
lower two or three cervical vertebrae, and, diminishing as it descends, is inserted

by a thin tendon into the outer surface of the second rib, behind the attachment
This is the most deeply placed of the three Scaleni, and
of the Serratus magnus.
is occasionally blended with the Scalenus medius.

Fig. 322.

—Muscles of the neck.

(From a preparation in the Museum

Eoyal College of Surgeons

of

of the

England.)

STYLO-GLOSSUC
DSLI^.CAP. SUP.

Nerves.

~TYL0-I'Y01D

— The Eectus capitis anticus major and minor and the Eectus lateralis

are supplied

by the first cervical nerve, and from the loop formed between it and
Longus colli and Scaleni, by branches from the anterior divisions
of the lower cervical nerves (fifth, sixth, seventh, and eighth) before they form the
brachial plexus.
The Scalenus medius also receives a filament from the deep

the second

;

the

external branches of the cervical plexus.
Actions.
The Eectus anticus major and minor are the direct antagonists of
the muscles at the back of the neck, serving to restore the head to its natural

—
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These muscles also serve to flex
it has been drawn backwards.
the head, and from their obliquity, rotate it, so as to turn the face to one or the
other side. The Longus colli flexes and slightly rotates the cervical portion of
the spine. The Scaleni muscles, when they take their fixed point from above,
When
elevate the first and second ribs, and are, therefore, inspiratory muscles.
position after

they take their fixed point from below, they bend the spinal column to one or the
other side. If the muscles of both sides act, lateral movement is prevented, but
the spine is slightly flexed. The Eectus lateralis, acting on one side, bends the

head

laterally.

—

'

Surface Form. The muscles in the neck, with the exception of the Platysma myoides.
are invested by the deep cervical fascia, which softens down their form, and is of considerable importance in connection with deep cervical abscesses and tumours, modifying
the direction of their growth and causing them to extend laterally instead of towards the
surface.
The Platysma myoides does not mfluence surface form except it is in action,
when it produces wrinkling of the skin of tlie neck, Avhich is thrown into obHque ridges
Sometimes this contraction takes place suddenly
parallel with the fasciculi of the muscle.
and repeatedly, as a sort of spasmodic twitching, the result of a nervous habit. The
Sterno-cleido -mastoid is the most important muscle of the neck as regards its surface
form. If the muscle is put into action by drawing the chin downwards and to the
opposite shoulder, its surface form will be plainly outlined. The sternal origin will stand
out as a sharply defined ridge, while the clavicular origin will present a flatter and not so
prominent an outline. The fleshy middle portion will appear as an oblique roU or elevation, with a thick rounded anterior border gradually becoming less marked above.
On
the opposite side, i.e. on the side to which the head is turned, the outline is lost, its place
being occupied by an oblique groove in the integument. When the muscle is at rest its
anterior border is still visible, forming an oblique rounded ridge, terminating below in the
sharj) outline of the sternal head. The posterior border of tiie muscle does not show above
the clavicular head. The anterior border is defined by drawing a line from the tip of the
mastoid process to the sterno-clavicular joint. It is an important surface-marking in the
operation of ligature of the common carotid artery and some other operations. Between
the sternal and clavicular heads is a slight depression, most marked when the muscle is
This is bounded below by the prominent sternal extremity of the clavicle.
in action.
Between the sternal origins of the two muscles is a V-shajoed space, the suprasternal
notch, more pronounced below, and becoming toned down above, where the Sterno-hyoid
and Sterno-thyroid muscles, lying upon the trachea, become more prominent. Above the
hyoid bone, in the middle line, the anterior bellj? of the Digastric to a certain extent
influences surface form.
It corresponds to a line drawn from the symphysis of the lower
jaw to the side of the body of the hyoid bone, and renders this part of the hyo-mental
region convex. In the posterior triangle of the neck, the posterior belly of the Omohyoid, when in action, forms a conspicuous object, especially in thin necks, presenting a
cord-like form running across this region, almost parallel with, and a little above, the
clavicle.

MUSCLES AND FASCIA OF THE TEUNK
The muscles of the Trunk may be arranged in four groups, corresponding
with the region in which they are situated.
I.

II.

The Back
The Thorax

I.

The muscles

of the

III.

IV.

The Abdomen
The Perineum

Muscles of the Back

back are very numerous, and

may

be subdivided into

layers.

FiEST Layer

Ehomboideus major.

Trapezius.

Latissimus dorsi

Second Layer
Levator anguli scapulte.
Ehomboideus minor.

Third Layer
Serratus posticus superior.
Sei;ratus posticus inferior.
Splenius capitis.

Splenius

colli.

five

OF THE BACK
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Biventer cervicis.

Lumbar Begions

Spinalis

colli.

Fifth Layer

Erector spinae.

Semispinalis dorsi.
Semispinalis colli.
Mnltifidus spinas.

Dorsal Begion
Ilio-costalis.

Musculus accessoritis ad
Longissimus dorsi.

ilio-costalem.

Spinalis dorsi.

Eotatores spin^e.
Supraspinales.
Inter spinales.

Extensor coccygis.
Cervical Begion

Intertransversales.

Eectus capitis posticus major.
Eectus capitis posticus minor.
Obliquus capitis superior.
Obliquus capitis inferior.

Cervicalis ascendens.

Transversalis colli.
Trachelo-mastoid.

Complexus.

Trapezius.

First Layer
Latissimus

dorsi.

—

Dissection (fig. 323). Place the body in the prone position, with the arms extended
over the sides of the table, and the chest and abdomen supported by several blocks, so as
Then make an
to render the muscles tense.
incision along the middle line of the back from
Fig. 323. Dissection of the muscles
the occipital protuberance to the coccyx. Make
of the back.
this
of
end
a transverse incision from the upper
and a thu-d incision
to the mastoid process
from its lower end, along the crest of the ilium
to about its middle. This large intervenmg space
should, for convenience of dissection, be subdivided by a fourth incision, extending obliquely
from the spinous process of the last dorsal vertebra, upwards and outwards, to the acromion
process. This incision corresponds with the lower
border of the Trapezius muscle. The flaps of
integument are then to be removed in the direction shown in the figure.

—

;

The superficial fascia is exposed upon
removing the skin from the back. It forms
a layer of considerable thickness and
strength, in which a quantity of granular
pinkish fat is contained. It is continuous
with the superficial fascia in other parts
of the body.
The deep fascia is a dense
fibrous layer, attached to the occipital bone,
the spines of the vertebrae, the crest of the

and the spine of the scapula. It
covers over the superficial muscles, forming sheaths for them, and in the neck forms
ilium,

the posterior part of the deep cervical
in the thorax it is continuous with
the deep fascia of the axilla and chest, and
fascia

;

abdomen with that covering the
abdominal muscles.

in the

The Trapezius (fig. 324) is a broad, flat, triangular muscle, placed immediately
beneath the skin and fascia, and covering the upper and back part of the neck
and shoulders. It arises from the external occipital protuberance and the inner
third of the superior curved line of the occipital bone
from the ligamentum
nuchae, the spinous process of the seventh cervical, and those of all the dorsal
vertebrae
and from the corresponding portion of the supraspinous ligament.
;

;
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Fig.

324.— Muscles

On

of the back.
the left side is exposed the first layer
side, the second layer and part of the third.

on the right

•

'

;
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superior fibres proceed downwards and outwards, the
and the middle fibres, horizontally and
ones upwards and outwards
are inserted, the superior ones into the outer third of the posterior border of the
the middle fibres into the inner margin of the acromion process, and
clavicle
into the superior lip of the posterior border or crest of the spine of the scapula
the inferior fibres converge near the scapula, and terminate in a triangular
aponeurosis, which glides over a smooth surface at the inner extremity of the
spine, to be inserted into a tubercle at the outer part of this smooth surface.
The
Trapezius is fleshy in the greater part of its extent, but tendinous at its origin
and insertion. At its occipital origin, it is connected to the bone by a thin
fibrous lamina, firmly adherent to the skin, and wanting the lustrous, shining
appearance of aponeuroses. At its origin from the spines of the vertebrae, it is
connected to the bones by means of a broad semi-elliptical aponeurosis, which
occupies the space between the sixth cervical and the third dorsal vertebrae, and
forms, with the aponeurosis of the opposite muscle, a tendinous ellipse.
The
rest of the muscle arises by numerous short tendinous fibres.
If the Trapezius
is dissected on both sides, the two muscles resemble a trapezium, or diamondshaped quadrangle two angles corresponding to the shoulders a third to the
and the fourth to the spinous process of the last dorsal
occipital protuberance

From

this origin, the

inferior

;

;

;

;

:

;

vertebra.

The clavicular insertion of this muscle varies as to the extent of its attachment it sometimes advances as far as the middle of the clavicle, and may even
become blended with the posterior edge of the Sterno-mastoid, or overlap it.
This should be borne in mind in the operation for tying the third part of the
:

subclavian artery.

— By

By its deep
surface, with the integument.
Complexus, Splenius, Levator anguli scapulae, and
Ehomboideus minor in the back, with the Ehomboideus major, Supraspinatus,
Infraspinatus, the Vertebral aponeurosis (which separates it from the prolongaThe spinal accessory
tions of the Erector spinee), and the Latissimus dorsi.
nerve and the superficial cervical artery pass beneath the anterior border of this
muscle, near the clavicle. The anterior margin of its cervical portion forms the
posterior boundary of the posterior triangle of the neck, the other boundaries
being the Sterno-mastoid in front, and the clavicle below.
The Ligamentum nuchae (fig. 324) is a thin band of condensed cellulo-fibrous
membrane, placed in the line of union between the two Trapezii in the neck. It
extends from the external occipital protuberance to the spinous process of the
seventh cervical vertebra, where it is continuous with the supraspinous ligament.
From its anterior surface a fibrous lamina is given off, which is attached to the
spinous process of each of the cervical vertebrae, excepting the atlas, so as to
form a septum between the muscles on each side of the neck. In man it is
merely the rudiment of an important elastic ligament, which, in some of the
lower animals, serves to sustain the weight of the head.
The Latissimus dorsi is a broad flat muscle, which covers the lumbar and
the lower half of the dorsal regions, and is gradually contracted into a narrow
fasciculus at its insertion into the humerus.
It arises by tendinous fibres from
the spinous processes of the six inferior dorsal and from the posterior layer of
the lumbar fascia (see page 432), by which it is attached to the spines of the
lumbar and sacral vertebrae, and to the supraspinous ligament. It also arises
from the external lip of the crest of the ilium, behind the origin of the External
oblique, and by fleshy digitations from the three or four lower ribs, which are
interposed between similar processes of the External oblique muscle (fig. 329,
page 448). From this extensive origin the fibres pass in different directions, the
upper ones horizontally, the middle obliquely upwards, and the lower vertically
upwards, so as to converge and form a thick fasciculus, which crosses the inferior
angle of the scapula, and occasionally receives a few fibres from it. The muscle
then curves around the lower border of the Teres major, and is twisted upon
Relations.

its

superficial

surface, in the neck, with the
;
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so that the superior fibres become at first posterior and then inferior, and
It then terminates in a
the vertical fibres at first anterior and then superior.
short quadrilateral tendon, about three inches in length, which, passing in front
of the tendon of the Teres major, is inserted into the bottom of the bicipital
groove of the humerus its insertion extending higher on the humerus than that
itself,

;

tendon of the Pectorahs major. The lower border of the tendon of this
muscle is united with that of the Teres major, the surfaces of the two being
separated by a bursa another bursa is sometimes interposed between the muscle
and the inferior angle of the scapula. This muscle at its insertion gives off an
expansion to the deep fascia of the arm.
of the

;

A muscular slip, varying from 3 to 4 inches in length, and from | to f of an inch in
breadth, occasionally arises from the upper edge of the Latissimus dorsi about the
middle of the posterior fold of the axilla, and crosses the axilla in front of the axillary
A'essels and nerves, to join the imder surface of the tendon of the Pectoralis major, the
The position of this abnormal slip is a
Coraco-brachialis, or the fascia over the Biceps.
point of interest in its relation to the axillary artery, as it crosses the vessel just above
the spot usually selected for the application of a ligature, and may mislead the surgeon
during the operation. It may be easily recognised by the transverse direction of its
fibres.
Dr. Struther found it, in 8 out of 105 subjects, occurring seven times on both
sides.

—

Its siq^erficial surface is subcutaneous, excepting at its upper part,
covered by the Trapezius, and at its insertion, where its tendon is
crossed by the axillary vessels and the brachial plexus of nerves. By its deej)
surface, it is in relation with the Lumbar fascia, the Serratus posticus inferior,
the lower external intercostal muscles and ribs, inferior angle of the scapula,
Its outer margin is
Ehomboideus major, Infraspinatus, and Teres major.
separated below from the External oblique by a small triangular interval and
another triangular interval exists iDetween its upper border and the margin of the
Trapezius, in which the Ehomboideus major muscle is exposed.
Nerves. The Trapezius is supplied by the spinal accessory, and by branches
from the anterior divisions of the third and fourth cervical nerves the Latissimus
dorsi by the middle or long subscapular nerve.

Relations.

where

it is

;

—

;

Second Layer
Ehomboideus minor.
Ehomboideus major.

Levator anguli scapula.

—

The Trapezius must be removed, in order to expose the next layer to
detach the muscle from its attachment to the clavicle and spine of the scapula,
and turn it back towards the spine.
Dissection.

;

effect this,

The Levator anguli

scapulae is situated at the back part and side of the neck.
by tendinous slips from the posterior tubercles of the transverse processes
of the four upper cervical vertebrae
these, becoming fleshy, are united so as to
form a flat muscle, which, passing downwards and backwards, is inserted into
the posterior border of the scapula, between the superior angle and the triangular
smooth surface at the root of the spine.
Relations.
By its superficial surface, with the integument. Trapezius, and
Sterno-mastoid. By its deep stirface, with the Splenius colli, Transversalis colli,
Cervicalis ascendens, and Serratus posticus superior muscles, and with the
transversalis colli and posterior scapular arteries.
The Ehomboideus minor arises from the ligamentum nuchae and spinous
processes of the seventh cervical and first dorsal vertebrae. Passing downwards
and outwards, it is inserted into the margin of the triangular smooth surface at
the root of the spine of the scapula. This small muscle is usually separated
from the Ehomboideus major by a slight cellular interval.
It arises

;

—

Relations.

—By

its superficial

deep surface, with the

{posterior) surface, with the Trapezius.

same structures

as the

Ehomboideus major.

By

its

;

.
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The Rhomboideus major is situated immediately below the preceding, the
adjacent margins of the two being occasionally united. It arises by tendinous
fibres from the spinous processes of the four or five upper dorsal vertebrae and
the supraspinous ligament, and is inserted into a narrow tendinous arch, attached
above to the lower part of the triangular surface at the root of the spine below,
to the inferior angle, the arch being connected to the border of the scapula by a
When the arch extends, as it occasionally does, but a short
thin membrane.
distance, the muscular fibres are inserted into the scapula itself.
;

—

By its superficial {yosterior) surface, with the Latissimus dorsi.
deep {anterior) surface, with the Serratus posticus superior, posterior
scapular artery, the vertebral aponeurosis which separates it from the prolongations from the Erector spinse, the Intercostal muscles, and ribs.
Relations.

By

its

— The

Ehomboid muscles

are supplied by branches from the anterior
the Levator anguli scapulae by the anterior
division of the third and fourth cervical nerves.
Actions.
The movements effected by the preceding muscles are numerous,

Nerves.

division of the fifth cervical nerve

;

—

may

be conceived from their extensive attachment.
The whole of the
Trapezius when in action retracts the scapula and rotates it on a sagittal axis
if the head is fixed, the upper part of the Trapezius will elevate the point of the
shoulder, as in supporting weights when the lower fibres are brought into action
they assist in depressing the bone. If the scapula is prevented from gliding on
the chest, the middle and lower fibres of the muscle cause it to rotate, so that
If the shoulders are fixed, both Trapezii, acting together,
the acromion is raised.
will draw the head directly backwards
or if only one acts, the head is drawn to
the corresponding side.
The Latissimus dorsi, when it acts upon the humerus, draws it backwards,
adducts, and at the same time rotates it inwards.
It is the muscle which is
principally employed in giving a downward blow, as in felling a tree or in sabre
practice.
If the arm is fixed, the muscle may act in various ways upon the trunk
thus, it may raise the lower ribs and assist in forcible inspiration
or, if both
arms are fixed, the two muscles may assist the Abdominal and great Pectoral
muscles in suspending and drawing the whole trunk forwards, as in climbing or
walking on crutches.
The Levator anguli scapulce raises the superior angle of the scapula, assisting
the Trapezius in bearing weights or in shrugging the shoulders.
If the shoulder
be fixed, the Levator anguli scapulae inclines the neck to the corresponding side
and rotates it in the same direction. The Ehomboid muscles carry the inferior
angle backwards and upwards, thus producing a slight rotation of the scapula
upon the side of the chest, the Ehomboideus major acting especially on the lower
angle of the scapula, through the tendinous arch by which it is inserted. The
Ehomboid muscles acting together with the middle and inferior fibres of the
Trapezius will draw the scapula directly backwards towards the spine.
as

;

;

:

;

Third Layer
Serratus posticus inferior.

Serratus posticus superior.

o
bpiemus
1

•

(

\

Splenitis capitis,
„^,
f,
.

ISplenms

colli.

—

Dissection.
To bring into view the third layer of muscles, remove the whole of the
second, together with the Latissimus dorsi
by cutting through the Levator anguh
scapulae and Ehomboid muscles near their insertion, and reflecting them upwards, and by
dividing the Latissimus dorsi in the middle by a vertical incision carried from its upper
to its lower part, and reflecting tlie two halves of the muscle.
;

The Serratus posticus superior is a thin, flat, quadrilateral muscle, situated at
the upper and back part of the thorax. It arises by a thin and broad aponeurosis
from the ligamentum nuchae, and from the spinous processes of the last cervical
and two or three upper dorsal vertebrae and from the supraspinous ligament.
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downwards and outwards,

Inclining

it

becomes muscular, and

is

ribs,

a

little

beyond

Relations.

by four
and fifth

inserted,

fleshy digitations, into the upper borders of the second, third, fourth,
their angles.

— IBy its superficial

Levator anguli scapulas.

surface, v^iih the Trapezius, Ehomboidei, and
deep surface, with the Splenius, and the vertebral
from the prolongations of the Erector spinge, and

By its

aponeurosis, which separates it
with the Intercostal muscles and ribs.
The Serratus posticus inferior is situated at the junction of the dorsal and
lumbar regions it is of an irregularly quadrilateral form, broader than the preIt arises by a thin
ceding, and separated from it by a considerable interval.
:

aponeurosis from the spinous processes of the last two dorsal and two or three
upper lumbar vertebrae, and from the supraspinous ligaments. Passing obliquely
upwards and outwards, it becomes fleshy, and divides into four fiat digitations,
which are inserted into the lower borders of the four lower ribs, a little beyond
The thin aponeurosis of origin is intimately blended with the
their angles.
lumbar fascia.
Relations.
By its superficial surface, with the Latissimus dorsi. By its
deep surface, with the Erector spinse, ribs, and Intercostal muscles. Its upper
margin is continuous with the vertebral aponeurosis.
The Vertebral ciponeu7'osis is a thin, fibrou^s lamina, extending along the whole
length of the back part of the thoracic region, serving to bind down the long
extensor muscles of the back which support the spine and head, and separate
them from those muscles which connect the spine to the upper extremity. It
consists of longitudinal and transverse fibres blended together, forming a thin
lamella, which is attached in the median line to the spinous processes of the
dorsal vertebrae externally, to the angles of the ribs and below, to the upper
border of the Serratus posticus inferior and portion of the lumbar fascia, which
gives origin to the Latissimus dorsi
above, it passes beneath the Serratus
posticus superior and the Splenius, and blends with the deep fascia of the neck.
The Lumbar fascia (fig. 324) is a thick and strong lamella occupying the
interval between the last rib and the crest of the ilium.
It is attached internally
to the spinous processes of the lumbar and sacral vertebrae
above, to the last
rib, and to the cartilage of the eleventh rib
below, to the posterior third of the
crest of the ilium.
Externally, it blends with the Transversalis abdominis
muscle. The posterior or superficial surface of this fascia gives attachment to
part of the origin of the Latissimus dorsi, to the Serratus posticus inferior, and
to the Internal oblique muscle of the abdomen.
The anterior or deep surface
gives off two layers
one lies between the Erector spinae and Quadratus
lumborum, and is attached to the tips of the transverse processes of the lumbar
vertebrae the other lies on the anterior or internal surface of the Quadratus
lumborum, and is attached to the front part of the same transverse processes.
The upper portion of this layer, which extends from the transverse process of
the first lumbar vertebra to the apex and lower border of the last rib, constitutes
the ligamentum arcuatum externum.
Therefore these three layers of the
lumbar fascia form two spaces between the posterior and middle layer is
situated the Erector spinae and the Multifidus spinae
between the middle and
anterior layers is situated the Quadratus lumborum.

—

;

;

;

;

;

:

;

:

;

Now detach the Serratus posticus superior from
the Splenius muscle will be brought into view.
The Splenius

its origin,

and turn

it

outwards,

when

and upper part of the dorsal
and pointed in form but it
soon becomes broader, and divides into two portions, which have separate insertions.
It arises, by tendinous fibres, from the lower half of the ligamentum
nuch», from the spinous processes of the last cervical and of the six upper dorsal
vertebrae, and from the supraspinous ligament.
From this origin, the fleshy
fibres proceed obliquely upwards and outwards forming a broad flat muscle.
region.

x\t its

is

situated at the back of the neck

origin,

it is

a single muscle, narrow,

;
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Deep layers

Occiintal bone

First

Fust

7ll)

First lumbar vei

First sacral verteh

PF
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which divides as

ascends into two portions, the Splenitis capitis and Splenius

it

colh.

The Splenius

mastoid process of the temporal bone,
on the occipital bone just beneath the superior curved

capitis is inserted into the

into the rough surface

and
lifie.

The Splenius colli is inserted, by tendinous fasciculi, into the posterior
tubercles of the transverse processes of the two or three upper cervical vertebrae.
The Splenius is separated from its fellow of the opposite side by a triangular
which

interval, in

is

— By

seen the Complexus.

superficial surface, with the Trapezius, from which it is
separated below by the Ehomboidei and the Serratus posticus superior. It is
covered at its insertion by the Sterno-mastoid, and at the lower and back part
By its cleejJ surface, with the Spinahs
of the neck by the Levator anguli scapulae.
dorsi, Longissimus dorsi, Semispinahs coUi, Complexus, Trachelo-mastoid, and

Kelations.

its

Transversalis colli.
Nerves. The Splenius is supplied from the external branches of the posterior
divisions of the cervical nerves the Serratus posticus superior is supplied by the
the
external branches of the posterior divisions of the upper dorsal nerves
Serratus posticus inferior by the external branches of the posterior divisions of

—

;

;

the lower dorsal nerves.
Actions.
The Serrati are respiratory muscles. The Serratus posticus supewhile the Serratus
it is therefore an inspiratory muscle
rior elevates the ribs
inferior draws the lower ribs downwards and backwards, and thus elongates the
thorax.
It also fixes the lower ribs, thus aiding the downward action of the

—

;

;

diaphragm and resisting the tendency which it has to draw the lower ribs upwards
and forwards. It must therefore be regarded as a muscle of inspiration. This
muscle is also probably a tensor of the vertebral aponeurosis. The Splenii
muscles of the two sides, acting together, draw the head directly backwards,
acting separately, they draw the head
assisting the Trapezius and Complexus
to one or the other side, and slightly rotate it, turning the face to the same side.
They also assist in supporting the head in the erect position.
;

Fourth Layer
Sacral and

Lumbar Begions

Cervical Begion
Cervicalis ascendens.

Erector spinae.
Dorsal Begion

Transversalis colli.
Trachelo-mastoid.

Ilio-costalis.

Musculus accessorius ad

ilio-costalem.

Complexus.

Longissimu-S dorsi.

Biventer cervicis.

Spinalis dorsi.

Spinalis

colli.

—

Dissection.
To expose the muscles of the foiirth layer, remove entirely the Serrati and
the vertebral and lumbar fasciae. Then detach the Splenius by separating its attachment
to the spinous processes and reflecting it outwards.

The Erector

spinse (fig. 325), and its prolongations in the dorsal and cervical
up the vertebral groove on each side of the spine. It is covered in
the lumbar region by the lumbar fascia in the dorsal region by the Serrati
muscles and the vertebral aponeurosis and in the cervical region by a layer of
cervical fascia continued beneath the Trapezius and the Splenius.
This large
muscular and tendinous mass varies in size and structure at different parts of the
In the sacral region, the Erector spinae is narrow and pointed, and its
spine.
origin chiefly tendinous in structure.
In the lumbar region, the muscle becomes
enlai-ged, and forms a large fleshy mass.
In the dorsal region, it subdivides into
two parts, which gradually diminish in size as they ascend to be inserted into
the vertebrae and ribs.
In the cervical region, it divides into a number

regions,

fill

;

;
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small muscles which are continued upwards to the head and support

it

upon

the spine.

The Erector

from the sacro-iliac groove, and from the anterior
and thick tendon, which is attached, internally, to the
spines of the sacrum, to the spinous processes of the lumbar and the eleventh
and twelfth dorsal vertebrae, and the supraspinous ligament externally, to the
back part of the inner lip of the crest of the ilium, and to the series of eminences
on the posterior part of the sacrum, which represent the transverse processes,
where it blends with the great sacro-sciatic and posterior sacro-iliac ligaments.
spinas arises

surface of a very broad

;

Some

of

fibres

its

are

continuous with the fibres of origin of the Gluteus

maximus. The muscular fibres form a single large fleshy mass, bounded in
front by the transverse processes of the lumbar vertebrse, and by the middle
lamella of the lumbar fascia.
Opposite the last rib it divides into two parts, the
Ilio-costalis and the Longissimus dorsi.
The Ilio-costalis (Sacro-lumbalis), the external and smaller portion of the
Erector spinae, is inserted, generally, by six or seven flattened tendons, into the
angles of the six or seven lower ribs. The number of the tendons of this muscle
is, however, very variable, and therefore the number of ribs into which it is
inserted.
Frequently it is found to possess nine or ten tendons, and sometimes
as many tendons as there are ribs, and is then inserted into the angles of all the
ribs.
If this muscle is reflected outwards, it will be seen to be reinforced by a
series of muscular slips, which arise from the angles of the ribs
by means of
these the Ilio-costalis is continued upwards to the upper ribs, and the cervical
portion of the spine. The accessory portions form two additional muscles, the
Musculus accessorius and the Cervicalis ascendens.
The Musculus accessorius ad ilio-costalem arises, by separate flattened
tendons, from the angles of the six lower ribs these become muscular, and are
finally inserted, by separate tendons, into the angles of the six upper ribs and
into the back of the transverse process of the seventh cervical vertebra.
The Cervicalis ascendens* is the continuation of the Accessorius upwards
into the neck
it is situated on the imier side of the tendons of the Accessorius,
arising from the angles of the four or five upper ribs, and is inserted by a series
;

:

;

of slender

tendons into the posterior tubercles of the transverse processes of the

and sixth cervical vertebrae.
The Longissimus dorsi is the inner and larger portion of the Erector spinae.
In the lumbar region, where it is as yet blended with the Ilio-costalis, some of

fourth, fifth,

the fibres are attached to the whole length of the posterior surface of the transverse processes and the accessory processes of the lumbar vertebrje, and to the
middle layer of the lumbar fascia. In the dorsal region, the Longissimus dorsi
is inserted, by long thin tendons, into the tips of the transverse processes of all
the dorsal vertebrae, and into from seven to eleven of the lower ribs between
their tubercles and angles.
This muscle is continued upwards, to the cranium
and cervical portion of the spine, by means of two additional muscles, the
colli and Trachelo-mastoid.
The Transversalis colli (or cervicis), placed on the inner

Transversalis

simus

side of the Longis-

by long thin tendons from the siimmits of the transverse
the six upper dorsal vertebrae, and is inserted by similar tendons

dorsi, arises

processes of
into the posterior tubercles of the transverse processes of the cervical vertebrae
from the second to the sixth inclusive.
The Trachelo-mastoid lies on the inner side of the preceding, between it and
the Complexus muscle.
It arises, by four tendons, from the transverse processes
of the five or six upper dorsal vertebrae, and by additional separate tendons from
the articular processes of the three or four lower cervical.
The fibres form a

small muscle, which ascends to be inserted into the posterior margin of the
* This muscle is souietimes called
The student should
Cervicalis descendens.'
remenaber that these long muscles take their fixed point from above or from below,
'

according to circumstances.

F

P"

2
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mastoid process, beneath the Splenius and Sterno-mastoid muscles. This small
muscle is almost always crossed by a tendinous intersection near its insertion
into the mastoid process.*'
Relations.
The Erector spinse and its prolongations are bound down to the

—

ribs in the lumbar and dorsal regions by the lumbar fascia and
the vertebral aponeurosis. The inner part of these muscles covers the muscles
In the neck, they are in relation, by their superficial surface,
of the fifth layer.
with the Trapezius and Splenius by their deep surface, with the Semispinalis
dorsi et colli, and the Eecti and Obliqui.

vertebrae

and

;

The Spinalis dorsi connects the spinous processes of the upper lumbar and
the dorsal vertebrae together by a series of muscular and tendinous slips, which
are intimately blended with the Longissimus dorsi.
It is situated at the inner
side of the Longissimus dorsi, arising, by three or four tendons, from the spinous
processes of the first two lumbar and the last two dorsal vertebrae these, uniting,
form a small muscle, which is inserted, by separate tendons, into the spinous
:

processes of the dorsal vertebrae, the number varying from four to eight. It is
intimately united with the Semispinalis dorsi, which lies beneath it.
The Spinalis colli is a small muscle, connecting together the spinous processes
of the cervical vertebrae, and analogous to the Spinalis dorsi in the dorsal region.
It varies considerably in its size, and in its extent of attachment to the vertebrae,
not only in different bodies, but on the two sides of the same body. It usually
arises by fleshy or tendinous slips, varying from two to four in number, from the
spinous processes of the fifth, sixth, and seventh cervical vertebrae, and
occasionally from the first and second dorsal, and is inserted into the spinous
process of the axis, and occasionally into the spinous processes of the two
vertebrae below it.
This muscle was found absent in five cases out of
twenty-four.
The Complexus is a broad thick muscle, situated at the upper and back part
of the neck, beneath the Splenius, and internal to the Transversalis colli and
Trachelo-mastoid. It arises, by a series of tendons, about seven in number,
from the tips of the transverse processes of the upper three dorsal and seventh
cervical vertebrae, and from the articular processes of the three cervical above
this.
The tendons, uniting, form a broad muscle, which passes obliquely upwards
and inw^ards, and is inserted into the innermost depression between the two
curved lines of the occipital bone. This muscle, about its middle, is traversed by
a transverse tendinous intersection.
The Biventer cervicis is a small fasciculus, situated on the inner side of t-he
preceding, and in the majority of cases blended with it it has received its name
from having a tendon intervening between two fleshy bellies. It is sometimes
;

described as a part of the Complexus. It arises by from two to four tendinous
slips, from the transverse processes of as many of the upper dorsal vertebrae, and
is inserted, on the inner side of the Complexus, into the superior curved line of the
occipital bone.
Relations.
The Complexus is covered by the Splenius and the Trapezius.
It lies on the Eectus capitis posticus major and minor, the Obliquus capitis
superior and inferior, and on the Semispinalis colli, from which it is separated by
the profunda cervicis artery, the princeps cervicis artery, and branches of the
posterior cervical plexus of nerves.
The Biventer cervicis is separated from its
fellow of the opposite side by the ligamentum nuchse.

—

Nerves.— The Erector spinas and its subdivisions in the dorsal region are
supplied by the external branches of the posterior divisions of the lumbar and
dorsal nerves
while its subdivisions in the cervical region, the Transversalis
colli and Trachelo-mastoid, are supplied by the external branches of the posterior
divisions of the cervical nerves the Complexus, by the internal branches of the
;

;

These two miiscles
described as one, having a
*

Trachelo-mastoid

is

and Trachelo-mastoid) are sometimes
dividing above at their insertion. The
Transversalis capitis.

(Transversalis colli

common

then termed

tlie

origin, but
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and great occipital.
supplied by the internal branches of the posterior divisions
and the Spinalis dorsi by the internal branches of the
of the cervical nerves
posterior divisions of the dorsal nerves.
posterior divisions of the cervical nerves, the suboccipital

The

Spinalis colli

is

;

Fifth Layer
Extensor coccygis.

Semispinalis dorsi.
Semispinalis colli.
Multifidus spin®.

Intertransversales.

Eectus capitis posticus major.
Eectus capitis posticus minor.
Obliquus capitis superior.
Obliquus capitis inferior.

Eotatores spinge.
Supraspinales.
Interspinales.

—

Dissection.
Eemove the nniscles of the preceding layer hj dividing and turning aside
the Coinplexus then detach the Spinalis and Longissimus dorsi from their attachments,
divide the Erector spinas at its connection below to the sacral and lumbar spines, and turn
The muscles filling up the interval between the spinous and transverse
it outwards.
processes are then exposed.
;

The Semispinalis dorsi (fig. 325) consists of thin, narrow, fleshy fasciculi,
interposed between tendons of considerable length. It arises by a series of small
tendons from the transverse processes of the lower dorsal vertebrae, from the
and is inserted, by five or six tendons,
tenth or eleventh to the fifth or sixth
into the spinous processes of the upper four dorsal and lower two cervical
;

vertebrae.

The Semispinalis colli, thicker than the preceding, arises by a series of
tendinous and fleshy fibres from the transverse processes of the upper four dorsal
vertebrae and from the articular processes of the lower four cervical vertebrae
and is inserted into the spinous processes of four cervical vertebrge, from the axis
The fasciculus connected with the axis is the largest, and
to the fifth cervical.
;

chiefly

muscular in structure.

Relations.

—By

their

from

surface,

superficial

below

upwards, with

Spinalis dorsi, Longissimus dorsi, Splenius, Complexus, the profunda

the

cervicis

and the internal branches of the posterior
second, and third cervical nerves. By their deep surface,

artery, the princeps cervicis artery,

divisions of the

first,

with the Multifidus spinas.

The Multifidus spinse consists of a number of fleshy and tendinous fascicuh,
which fill up the groove on either side of the spinous processes of the vertebrae,
from the sacrum to the axis. In the sacral region, these fasciculi arise from the
back of the sacrum, as low as the fourth sacral foramen, and from the aponeurosis
of origin of the Erector spinae
in the iliac region, from the inner surface of the
in the
posterior superior spine of the ilium, and posterior sacro-iliac ligaments
lumbar regions, from the articular processes in the dorsal region, from the
transverse processes and in the cervical region, from the articular processes.
Each fasciculus, passing obliquely upwards and inwards, is inserted into the
amina and whole length of the spinous process of one of the vertebrae above.
These fasciculi vary in length the most superficial, the longest, pass from one
vertebra to the third or fourth above
those next in order pass from one vertebra
to the second or third above
whilst the deepest connect two contiguous
;

;

;

;

:

;

;

vertebrae.

Relations.— By

with the Longissimus dorsi. Spinalis
colli.
By its deep surface, with the
laminge and spinous processes of the vertebrae, and with the Eotatores spinae in
its superficial surface,

dorsi, Semispinalis dorsi,

and Semispinalis

the dorsal region.

The Eotatores spinse are found only in the dorsal region of the spine, beneath
the Multifidus spinae they are eleven in number on each side. Each muscle
is small and somewhat quadrilateral in form
it arises from the upper and back
part of the transverse process, and is inserted into the lower border and outer
;

;
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surface of the lamina of the vertebra above, the fibres extending as far inwards
The first is found between the first and
as the root of the spinous process.

second dorsal

number

;

of these

the

last,

muscles

is

between the eleventh and twelfth. Sometimes the
diminished by the absence of one or more from the

upper or lower end.

The Supraspinaies consist of a series of fleshy bands which lie on the spinous
processes in tlie cervical region of the spine.
The Interspinales are short muscu.lar fasciculi, placed in pairs l^etween the
spinous processes of the contiguous vertebrae, one on each side of the interspinous
ligament. In the cervical region, they are most distinct, and consist of six pairs,
the first being situated between the axis and third vertebra, and the last between
the last cervical and the first dorsal. They are small narrow bundles, attached,
above and below, to the apices of the spinous processes. In the dorsal region,
they are found between the first and second vertebrge, and occasionally between
the second and third and below, between the eleventh and twelfth. 'In the
lumbar region, there are four pairs of these muscles in the intervals between the
five lumbar vertebrae.
There is also occasionally one in the interspinous space,
between the last dorsal and first lumbar, and between the fifth lumbar and the
;

sacrum.

The Extensor coccygis is a slender muscular fasciculus, occasionally present,
which extends over the lower part of the posterior surface of the sacrum and
coccyx.
It arises by tendinous fibres from the last bone of the sacrum, or first
piece of the coccyx, and passes downwards to be inserted into the lower part of
the coccyx.

It is a

rudiment

of the

Extensor muscle

of the caudal vertebrae of

the lower animals.

The Intertransversales

are small muscles placed between the transverse proIn the cervical region thej are most developed, consisting
of rounded muscular and tendinous fasciculi, which are placed in pairs, passing
between the two anterior and the two posterior tubercles of the transverse processes of two contiguous vertebra, separated from one another by the anterior
division of the cervical nerve, w^hich lies in the groove between them.
In this
region there are seven pan-s of these muscles, the first pair being between the
atlas and axis, and the last pair between the seventh cervical and first dorsal
vertebrae.
In the dorsal region they are least developed, consisting chiefly of
rounded tendinous cords in the intertransverse spaces of the upper dorsal
vertebra but between the transverse processes of the lower three dorsal vertebrae,
and between the transverse processes of the last dorsal and the first lumbar, they
are muscular in structure.
In the lumbar region they are arranged in pairs, on
either side of the spine
one set occupying the entire interspace between the

cesses of the vertebrae.

;

;

transverse processes of the lumbar vertebrae, the intertransversales laterales the
other set, intertransversales mediales, passing from the accessory process of one
;

vertebra to the mammillary process of the next.
The Rectus capitis posticus major arises by a pointed tendinous origin from
the spinous process of the axis, and, becoming broader as it ascends, is inserted
into the inferior curved line of the occipital bone and the surface of bone immeit.
As the muscles of the two sides pass upwards and outwards,
they leave between them a triangular space, in which are seen the Eecti capitis
postici minores muscles.
Relations.
By its superfidal surface, with tlie Complexus and, at its insertion, with the Superior oblique.
By its deep surface, with part of the Eectus
capitis posticus minor, the posterior arch of the atlas, the posterior occipitoatlantal ligament, and part of the occipital bone.
The Rectus capitis posticus minor, the smallest of the four muscles in this
region, is of a triangular shape
it arises by a narrow pointed tendon from the
tubercle on the posterior arch of the atlas, and, becoming broader as it ascends,
is inserted into the rough surface beneath the inferior curved line, nearly as far
as the foramen magnum, nearer to the middle line than the preceding.

diately below

—

;

;

;
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surface, with the Complexus and the Eectus
deep surface, with the posterior occipito-atlantal

its stqDerficial

capitis posticus major.

By

its

hgament.
The Obliquus capitis inferior, the larger of the two Oblique muscles, arises
from the apex of the spinous process of the axis, and passes almost horizontally
ou-twards, to be inserted into the lower and back part of the transverse process
of the atlas.

Relations.

— By

its

superficial surface,

with the Complexus and with the

which crosses it. By its deep
with the vertebral artery, and posterior atlanto-axial ligament.
The Obliquus capitis superior, narrow below, wide and expanded above, arises
by tendinous fibres from the upper surface of the transverse process of the atlas,
joining with the insertion of the preceding, and, passing obliquely upwards and
posterior division of the second cervical nerve
surface,

inwards,
to the

is

inserted into the occipital bone, between the two curved lines, external

Complexus.

— By

its superficial surface, with the Complexus and Trachelodeep surface, with the posterior occipito-atlantal ligament.
The Suboccipital triangle. Between the two oblique muscles and the Eectus
capitis posticus major a triangular interval exists, the suboccipital triangle. This
triangle is bounded, above and internally, by the Eectus capitis posticus major

Relations.

mastoid.

By

its

—

above and externally, by the Obliquus capitis superior below and externally,
by the Obliquus capitis inferior. It is covered in by a layer of dense fibro-fatty
tissue, situated beneath the Complexus muscle.
The floor is formed by the
posterior occipito-atlantal ligament, the posterior arch of the atlas, and the
posterior atlanto-axial ligament.
It contains the vertebral artery, as it runs in
a deep groove on the upper surface of the posterior arch of the atlas
and the
;

;

posterior division of the suboccipital nerve.

— The

Semispinalis dorsi and Eotatores spinae are supplied by the
the Semispinalis
colli, by the internal branches of the posterior divisions of the cervical nerves
the Supraspinales and Interspinales are supplied by the internal branches of the
posterior divisions of the cervical, dorsal, and lumbar nerves in the respective
regions
the Intertransversales, by the internal branches of the posterior
divisions of the cervical, dorsal, and lumbar nerves
the Multifidus spinse,

Nerves.

internal branches of the posterior divisions of the dorsal nerves

;

;

;

;

by the same, with the addition

the internal branches of the posterior
divisions of the sacral nerves.
The Eecti and Obliqui muscles are all supplied
by the suboccipital nerve
the Inferior oblique is also supplied by the great
of

;

occipital nerve.

—

Actions.
When both the Spinales dorsi contract, they extend the dorsal
region of the spine when only one muscle contracts, it helps to bend the dorsal
portion of the spine to one side.
The Erector spinge, comprising the Ilio-costalis
;

and the Longissimus

dorsi with their accessory muscles, serves, as its

name

bend the
trunk backwards when it is required to counterbalance the influence of any weight
at the front of the body
as, for instance, when a heavy weight is suspended from
the neck, or when there is any great abdominal distension, as in pregnancy or
dropsy the peculiar gait under such circumstances depends upon the spine
being drawn backwards, by the counterbalancing action of the Erector spinae
muscles. The muscles which form the continuation of the Erector spinse upwards steady the head and neck, and fix them in the upright position. If the
Ilio-costalis and Longissimus dorsi of one side act, they serve to draw down the
chest and spine to the corresponding side. The Cervicales ascendens, taking
their fixed points from the cervical vertebrae, elevate those ribs to which they are
attached; taking their fixed points from the. ribs, both muscles help to extend the
neck while one muscle bends the neck to its own side. The Transversalis colli,
when both muscles act, taking their fixed point from below, bend the neck backwards. The Trachelo-mastoid, when both muscles act, taking their fixed point
implies, to maintain the spine in the erect posture

—

;

;

;

it

also serves to
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from below, bend the head backwards while, if only one muscle acts, the face
turned to the side on which the muscle is acting, and then the head is bent to
The Rectus
the shoulder. The two Recti muscles draw the head backwards.
capitis posticus major, owing to its obliquity, rotates the cranium, with the atlas,
round the odontoid process, turning the face to the same side. The Multifidus
thus, the sacrum
spinse acts successively upon the different parts of the spine
furnishes a fixed point from which the fasciculi of this muscle act upon the lumbar
region these then become the fixed points for the fasciculi moving the dorsal
it is by the successive
region, and so on throughout the entire length of the spine
contraction and relaxation of the separate fasciculi of this and other muscles that
the spine preserves the erect posture without the fatigue that would necessarily
have been produced had this position been maintained by the action of a single
;

is

;

;

;

muscle.

The Multifidus

preserving the erect position of the spine,
is turned to the side opposite to
that from which the muscle acts, this muscle being assisted in its action by the
Obliquus externus abdominis. The Complexi draw the head directly backward
if one muscle acts, it draws the head to one side, and rotates it so that the face
is turned to the opposite side.
The Superior oblique draws the head backwards
and, from the obliquity in the direction of its fibres, will slightly rotate the
cranium, turning the face to the opposite side. The Obliquus capitis inferior
rotates the atlas, and with it the cranium, round the odontoid process, turning
the face to the same side.
The Semispinales, when the muscles of the two
sides act together, help to extend the spine
when the muscles of one side
only act, they rotate the dorsal and cervical parts of the spine, turning the
body to the opposite side. The Supraspinales and Interspinales by approximating the spinous process help to extend the spine. The Intertransversales
approximate the transverse processes, and help to bend the spine to one side.
The Rotatores spinae assist the Multifidus spinse to rotate the spine, so that the
front of the trunk is turned to the side opposite to that from which the muscle
serves to rotate

it,

spinas, besides

so that the front of the trunk

;

;

;

acts.

—

Surface Form. The surface forms produced by tlie muscles of the Lack are niunerous
and difiicult to analyse unless they are considered in systematic order. The most superficial layer, consisting of large strata of muscular substance, influences to a certain extent
the surface form, and at the same time reveals the forms of the layers beneath. The
Trajpezuis at the upper part of the back, and in the neck, covers over and softens down
the outline of the underlying muscles. Its anterior border forms the posterior boundary
of the posterior triangle of the neck.
It forms a slight undulating ridge which passes
downwards and forwards from the occiput to the junction of the middle and outer third
of the clavicle.
The tendinous ellipse formed by a part of the origin of the two muscles
at the back of the neck is always to be seen as an oval depression, more marked when
the muscle is in action. A slight dimple on the skui opposite the interval between the
spinous processes of the third and fourth dorsal vertebrae marks the triangular aponeurosis
by which tlie inferior fibres are inserted into the root of the spine of the scapula. From
this point the inferior border of the muscle may be traced as an undulating ridge to the
spinous process of the twelfth dorsal vertebra. In like manner, the Latissimus dorsi
softens down and modulates the underljdng structures at the lower part of the back and
lower part of the side of the chest. In this way it modulates the outline of tlie Erector
spinae
of the Serratus x^osticus inferior, which is sometimes to be discerned through it,
and is sometimes entirely obscured by it of part of the Serratus magnus and Superior
oblique, which it covers, and of the convex oblique ridges formed by the ribs with the
intervening intercostal spaces. The anterior border of the muscle is the only part which
gives a distinct surface form.
Tliis border may be traced, when the muscle is in action,
as a rounded edge, starting from the crest of the ilium, and passing obliquely forwards
and upwards to the posterior border of the axilla, where it combines with the Teres major
in forming a thick roxmded fold, the posterior boundary of the axillary space.
The muscles
in the second layer influence to a very considerable extent the surface form of the back of
the neck and upper part of the trunk. The Levator anguli sca^ndcs reveals itself as a
prominent divergent line, running downwards and outwards, from the transverse processes
of the upper cervical vertebrae to the angle of the scapula, covered over and toned down
by the overlying Trapezius. The Rhoiiiboidei produce, when in action, a vertical eminence
between the internal border of the scapula and the spinal furrow, varying in intensity
according to the condition of contraction or relaxation of the Trapezius muscle, by which
they are for the most part covered. The lowermost part of the Rhomboideus major is
;

;
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uncovered by the Trapezius and forms on the surface an obHque ridge running upwards
and inwards from the inferior angle of the scapula. Of the muscles of the third layer of
the back, the Serratus postimis su^jcrior does not in any way influence surface form.
The Serratus posticus inferior, when in strong action, may occasionally be revealed as
The Splenii by their divergence serve to
an elevation beneath the Latissimus dorsi.
broaden out the upper part of the back of the neck and produce a local fulness in this
situation, but do not otherwise influence surface form.
Beneath all these muscles those
of the fourth laj^er the Erector spiyice and its continuations influence the surface form
in a decided manner.
In the loins, the Erector spinas, bound down by the lumbar fascia,
forms a rounded vertical eminence, which determines the depth of the spinal furrow, and
which below tapers to a point on the posterior surface of the sacrum and becomes lost
there.
In the back it forms a flattened plane which gradually becomes lost. In the neck
the only part of this group of muscles which influences surface form is the Trachelomastoid, which produces a short convergent line across the tipper part of the posterior
triangle of the neck, appearing from under cover of the posterior border of the Sternomastoid and being lost below beneath the Trapezius.

—

—

II.

Muscles and Fascle of the Thorax

The Muscles belonging

exclusively to this region are few in number.

They

are the

Intercostales externi.

Triangularis sterni.

Intercostales interni.

Levatores costarum.

Infracostales.

Diaphragm.

—

Intercostal fasciae.
A thin but firm layer of fascia covers the outer surface of
the External intercostal and the inner surface of the Internal intercostal muscles
;

and a third layer, the middle intercostal fascia, more delicate, is interposed
between the two planes of muscular fibres. These are the intercostal fasciae
they are best marked in those situations where the muscular fibres are deficient,
as between the External intercostal muscles and sternum, in front
and between
the Internal intercostals and spine, behind.
The Intercostal muscles (fig. 341) are two thin planes of muscular and
tendinous fibres, placed one over the other, filling up the intercostal spaces, and
being directed obliquely between the margins of the adjacent ribs. They have
received the name external and internal,' from the position they bear to one
another.
The tendinous fibres are longer and more numerous than the muscular
hence the walls of the intercostal spaces possess very considerable strength, to
which the crossing of the muscular fibres materially contributes.
The External intercostals are eleven in number on each side. They extend
from the tubercles of the ribs, behind, to the commencement of the cartilages of
the ribs, in front, where they terminate in a thin membranous aponeurosis, which
is continued forwards to the sternum.
They arise from the lower border of each
rib, and are inserted into the upper border of the rib below.
In the two lowest
spaces they extend to the end of the cartilages, and in the upper two or three
Their fibres are
spaces they do not quite extend to the ends of the ribs.
directed obliquely downwards and forwards, in a similar direction with those of
the External oblique muscle of the abdomen.
They are thicker than the internal
:

;

'

'

'

:

intercostals.

—

Relations.
By their outer surface, with the muscles which immediately
invest the chest, viz. the Pectoralis major and minor, Serratus magnus, and
Rhomboideus major, Serratus posticus superior and inferior, Scalenus posticus,
Ilio-costalis,
Longissimus dorsi, Cervicalis ascendens, Transversalis colli,
Levatores costarum, and the Obliquus externus abdominis. By their internal
surface, with the middle intercostal fascia, which separates them from the intercostal vessels and nerve, and the Internal intercostal muscles, and, behind, from

the pleura.

The Internal intercostals are also eleven in number on each
commence anteriorly at the sternum, in the interspaces between the

side.

They

cartilages of

the true ribs, and from the anterior extremities of the cartilages of the false ribs.
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and extend backwards as far as the angles of the ribs whence they are continued
column by a thin aponeurosis. They arise from the ridge on the
inner surface of each rib, as well as from the corresponding costal cartilage, and
Their fibres are directed
are inserted into the upper border of the rib below.
obliquely downwards and backwards, passing in the opposite direction to the fibres
;

to the vertebral

of the External intercostal muscles.

Relations.

—By their external surface, wdth the intercostal vessels and nerves,

and the middle

intercostal fascia,

which separates them from the External

inter-

—

FiG. 326.
Posterior surface of sternum and costal cartilages, showing Triangularis sterni
muscle. (From a preparation in tlie Museum of the Eoyal College of Surgeons of

England.)
SCALENUS MEDfUS
SCALENUS ami:
STERNO-MASTOID

costal muscles.

By

their internal surface, wath the internal intercostal fascia,

which separates them from the pleura costalis, Triangularis sterni, and
Diaphragm.
The Infracostales (subcostales) consist of muscular and aponeurotic fasciculi,
which vary in number and length they are placed on the inner surface of the
ribs, where the Internal intercostal muscles cease
they arise from the inner
surface of one rib, and are inserted into the inner surface of the first, second, or
third rib below.
Their direction is most usually oblique, like the Internal interThey are most frequent between the lower ribs.
costals.
The Triangularis sterni (fig. 326) is a thin plane of muscular and tendinous
fibres, situated upon the inner wall of the front of the chest.
It arises from the
:

;

OF THE THOEAX

44-

lower third of the posterior surface of the sternum, from the posterior surface of
the ensiform cartilage, and from the sternal ends of the costal cartilages of the
three or four lower true ribs.
Its fibres diverge upwards and outwards, to be
inserted by fleshy digitations into the lower border and inner surfaces of the

and sixth ribs. The lowest
muscle are horizontal in their direction, and are continuous with
those of the Transversalis those which succeed are oblique, whilst the superior
fibres are almost vertical.
This muscle varies much in its attachment, not only
in different bodies, but on opposite sides of the same body.
Relations.
In front, with the sternum, ensiform cartilage, costal cartilages,
Internal intercostal muscles, and internal mammary vessels.
Behind, with the
pleura, pericardium, and anterior mediastinum.
costal cartilages of the second, third, fourth, fifth,

fibres of this

:

—

Fig. 327.

,,.

—The Diaphragm.

Under

surface.

-Leaser

Ojta-n'^»i J'

The Levatores costarum (fig. 325), twelve in number on each side, are small
tendinous and fleshy bundles, which arise from the extremities of the transverse
processes of the seventh cervical and eleven upper dorsal vertebrae, and, passing
obliquely downwards and outwards, are inserted into the upper border of the rib
below them, between the tubercle and the angle. The Inferior levatores divide
into two fasciculi, one of which is inserted as above described the other fasciculus
passes down to the second rib below its origin thus, each of the lower ribs
receives fibres from the transverse processes of two vertebrae.
Nerves. The muscles of this group are supplied by the intercostal nerves.
The Diaphragm (8ta(^pay/x,a, a partition luall) (fig. 327) is a thin musculofibrous septum, consisting of muscular fibres externally, which arise from the
circumference of the thoracic cavity and pass upwards and inwards to converge
to a central tendon.
It is placed obliquely at the junction of the upper with the
;

;

—

;;
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middle third of the trunk, and separates the thorax from the abdomen, forming
the floor of the former cavity and the roof of the latter. It is elliptical, its
longest diameter being from side to side, and somewhat fan-shaped the broad
elliptical portion being horizontal, the narrow part, the crura, which represents
the handle of the fan, vertical, and joined at right angles to the former.
It is
from this circumstance that some anatomists describe it as consisting of two
portions, the upper or great muscle of the Diaphragm, and the lower or lesser
muscle. It arises from the whole of the internal circumference of the thorax
;

:

being attached, in front, by fleshy fibres to the ensiform cartilage on either side,
to the inner surface of the cartilages and bony portions of the six or seven
inferior ribs, interdigitating with the Transversalis and behind, to two aponeurotic
arches, named the ligamentum arcuatum extermtm et intermim and by the crura,
to the lumbar vertebrae.
The fibres from these sources vary in length those
arising from the ensiform appendix are very short and occasionally aponeurotic
those from the ligamenta arcuata, and more especially those from the cartilages
of the ribs at the side of the chest, are longer, describe well-marked curves as
they ascend, and finally converge to be inserted into the circumference of the
central tendon.
Between the sides of the muscular slip from the ensiform
appendix and the cartilages of the adjoining ribs, the fibres of the Diaphragm
are deficient, the interval being filled by areolar tissue, covered on the thoracic
side by the pleurae
on the abdominal, by the peritoneum. This is, consequently,
a weak point, and a portion of the contents of the abdomen may protrude into
the chest, forming phrenic or diaphragmatic hernia, or a collection of pus in the
mediastinum may descend through it, so as to point at the epigastrium.
The ligamentum arcuatum internum is a tendinous arch, thrown across the
upper part of the Psoas magnus muscle, on each side of the spine. It is connected, by one end, to the outer side of the body of the first lumbar vertebra,
being continuous with the outer side of the tendon of the corresponding crus
and, by the other end, to the front of the transverse process of the first and
sometimes also to that of the second, lumbar vertebra.
The ligamentum arcuatum externum is the thickened upper margin of the
anterior lamella of the lumbar fascia
it arches across the upper part of the
Quadratus lumborum, being attached, by one extremity, to the front of the transverse process of the first lumbar vertebra
and, by the other, to the apex and
lower margin of the last rib.
The Crura. The Diaphragm is connected to the spine by two crura ox pillars,
which are situated on the bodies of the lumbar vertebrae, on each side of the
aorta.
The crura, at their origin, are tendinous in structure the right crus,
larger and longer than the left, arising from the anterior surface of the bodies
and intervertebral substances of the three or four upper lumbar vertebrae the
left, from the two upper
both blending with the anterior common ligament of
the spine.
These tendinous portions of the crura pass forwards and inwards
and gradually converge to meet in the middle line, forming an arch, beneath
which passes the aorta, vena azygos major, and thoracic duct.
Prom this
tendinous arch muscular fibres arise, which diverge, the outermost portion being
directed upwards and outwards to the central tendon the innermost decussating
in front of the aorta, and then diverging, so as to surround the oesophagus before
ending in the central tendon. The fibres derived from the right crus are the
most numerous, and pass in front of those derived from the left.
The Central or Cordiform Tendon of the Diaphragm is a thin but strong
tendinous aponeurosis, situated at the centre of the vault formed by the muscle,
immediately below the pericardium, with which its circumference is blended. It
is shaped somewhat like a trefoil leaf, consisting of three divisions, or leaflets,
separated from one another by slight indentations. The right leaflet is the
the middle one, directed towards the ensiform cartilage, the next in
largest
size
and the left, the smallest. In structure, the tendon is composed of several
planes of fibres, which intersect one another at various angles, and unite
;

;

;

;

;

;

;

—

:

;

;

;

;

;

;:
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arrangement which affords

it

additional

strength.

The Openings connected with the Diaphi-agm are three large and several
The former are the aortic, the oesophageal, and the opening
smaller apertures.
for the vena cava.
The aortic opening is the lowest and the most posterior of the three large
apertures connected with this muscle, being at the level of the first lumbar
It is situated in the middle line, immediately in front of the bodies of
vertebra.
and is, therefore, behind the Diaphragm, not in it. It is an osseothe vertebrae
;

aponeurotic aperture, formed by a tendinous arch thrown across the front of the
bodies of the vertebras, from the crus on one side to that on the other, and
transmits the aorta, vena azygos major, thoracic duct, and sometimes the left
cord of the sympathetic. Occasionally some tendinous fibres are prolonged
across the bodies of the vertebrae from the inner part of the lower end of the
crura, passing behind the aorta, and thus converting the opening into a fibrous
ring.

The

is situated at the level of the tenth dorsal vertebra
form, muscular in structure, and, formed by the two crura, is
placed above, and, at the same time, anterior, and a little to the left of the
It transmits the oesophagus and pneumogastric nerves and some
preceding.
small CESophageal arteries. The anterior margin of this aperture is occasionally
tendinous, being formed by the margin of the central tendon.
The opening for the vena cava [foramen quadratum) is the highest, about on
the level of the disc between the eighth and ninth dorsal vertebrae it is quadriit

oesophageal opening

elliptical in

is

;

tendinous iu structure, and placed at the junction of the right
and middle leaflets of the central tendon, its margins being bounded by four
bundles of tendinous fibres, which meet at right angles.
The 7'ight crus transmits the sympathetic and the greater and lesser splanchnic
nerves of the right side the left crus transmits the sympathetic, when it does not
pass through the aortic opening, the greater and lesser splanchnic nerves of the
left side, and the vena azygos minor.
The Serous Membranes in relation with the Diaphragm are four in number
three lining its upper or thoracic surface one, its abdominal.
The three serous
membranes on its upper surface are the pleura on either side, and the serous
layer of the pericardium, which covers the middle portion of the tendinous
centre.
The serous membrane covering its under surface is a portion of the

lateral in form,

;

;

general peritoneal

membrane

of the

abdominal

cavity.

The Diaphragm is arched, being convex towards the chest, and concave to
the abdomen.
The right portion forms a complete arch from before backwards,
being accurately moulded over the convex surface of the liver, and having resting
upon it the concave base of the right lung. The left portion is arched from
before backwards in a similar manner but the arch is narrower in front, being
encroached upon by the pericardium, and lower than the right, at its summit,
by about three-quarters of an inch. It supports the base of the left lung, and
covers the gi'eat end of the stomach, the spleen, and left kidney. At its circumference the Diaphragm is higher in the mesial line of the body than at either
side
but in the middle of the thorax, the central portion, which supports the
;

;

is on a lower level than the two lateral portions.
Nerves. The Diaphragm is supplied by the phrenic nerves and phrenic
plexus of the sympathetic.
Actions.
The Intercostals are the chief agents in the movement of the ribs
in ordinary respiration.
When the first rib is elevated and fixed by the Scaleni,
the External intercostals raise the other ribs, especially their fore part, and so
increase the capacity of the chest from before backwards
at the same time
they evert their lower borders, and so enlarge the thoracic cavity transversely.
The Internal intercostals, at the side of the thorax, depress the ribs, and invert
their low^er borders, and so diminish the thoracic cavity
but at the fore part of

heart,

—

—

;

;

f
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the chest these muscles assist the External intercostals in raising the cartilages.*
The Levatores costarum assist the External intercostals in raising the ribs. The

Triangularis sterni draws down the costal cartilages it is therefore an expiratory
muscle.
The Diaphragm is the principal muscle of inspiration. When in a condition
and
of rest the muscle presents a domed surface, concave towards the abdomen
When the
consists of a circumferential muscular and a central tendinous part.
muscular fibres contract, they become less arched, or nearly straight, and thus
cause the central tendon to descend, and in consequence the level of the chest
wall is lowered, the vertical diameter of the chest being proportionately increased.
In this descent the different parts of the tendon move unequally. The left leaflet
the right to a less extent, on account of the
descends to the greatest extent
and the central leaflet the least, because of its connection to the periliver
cardium. In descending the Diaphragm presses on the abdominal viscera, and
so to a certain extent causes a projection of the abdominal wall; but in consequence of these viscera not yielding completely, the central tendon becomes a
fixed point, and enables the circumferential miiscular fibres to act from it, and
and
so elevate the lower ribs and expand the lower part of the thoracic cavity
Duchenne has shown that the Diaphragm has the power of elevating the ribs,
to which it is attached, by its contraction, if the abdominal viscera are in sitit,
but that if these organs are removed, this power is lost. When at the end of
inspiration, the Diaphragm relaxes, the thoracic walls return to their natural
position in consequence of their elastic reaction and of the elasticity and weight
;

;

;

;

;

of the displaced viscera.

In

all

expulsive acts the

Diaphragm

is

called into action, to give additional

each expulsive effort. Thus, before sneezing, cou.ghing, laughing, and
crying before vomiting previous to the expulsion of the urine and faeces, or of
the foetus from the womb, a deep inspiration takes place.
The height of the Diaphragm is constantly varying during respiration, the
muscle being carried upwards or downwai'ds from the average level its height
also varies according to the degree of distension of the stomach and intestines,
and the size of the liver. After a forced expiration, the right arch is on a level,
at the side, with the fifth, sixth, and
in front with the fourth costal cartilage
seventh ribs and behind with the eighth rib the left arch being usually from
one to two ribs' breadth below the level of the right one. In a forced inspiration,
its slope would then be represented by a
it descends from one to two inches
line drawn from the ensiform cartilage towards the tenth rib.
Muscles of Inspiration and Exiyiration. The muscles which assist the action
of the Diaphragm in ordinary tranquil inspiration are the Intercostals and the
Levatores costarum, as above stated, and the Scaleni. When the need for more
forcible action exists, the shoulders and the base of the scapula are fixed, and

power

to
;

;

;

;

;

;

;

—

* The view of the action of the Intercostal muscles given in the text is that which is
taught by Hutchinson {Cycl. of Anat. and Plujs. art. Thorax '), and is usually adojDted
It is, however, much disputed.
Hamberger believed that the External
in our schools.
intercostals act as elevators of the ribs, or muscles of inspiration, while the Internal act
Haller taught that both sets of muscles act
common viz. as muscles
in expiration.
and this view is adopted by many of the best anatomists of the Continent,
of inspiration
and appears supported by many observations made on the human subject under various
conditions of disease, and on living animals after the muscles have been exposed
under chloroform. The reader may consult an interesting paper by Dr. Cleland in the
Journal of Anat. and Phys. No. II., May 1867, p. 209, On the Hutchinsonian Theory of
He refers to Henle, Luschka, Budge, and
the Action of the Intercostal Muscles.'
Eaumler, Observations on the Action of the Intercostal Muscles, 'EiYla.ngen., i860. (In
New Syd. Soc.'s Year-Boole for 1861, p. 69.) Dr. W. W. Keen has come to the conclusion, from experiments made upon a criminal executed by hanging, that the External
intercostals are muscles of expiration, as thej^ pulled the rilas down, while the Internal
{Trans. Coll. Phys.
intercostals pulled the ribs up, and are muscles of inspiration.
PJdladeljihia, Third Series, vol. i., 1875, P- 97-)
t For a detailed description of the general relations of the Diaphragm, and its action,
refer to Dr. Sibson's Medical Anatomy.
'

m

—

'

—

'
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the chief of
then the powerful muscles of forced inspiration come into play
these are the Trapezius, the Pectoralis minor, the Serratus posticus superior
and inferior, and the Ehomboidei. The lower fibres of the Serratus magnus may
possibly assist slightly in dilating the chest by raising and everting the ribs.
The Sterno-mastoid also, when the head is fixed, assists in forced inspiration,
by drawing up the sternum, and by fixing the clavicle, and thus affording a fixed
The Ilio-costalis and Quadratus
point for the action of the muscles of the chest.
;

lumborum assist in forced inspiration by fixing the last rib (see page 458).
The ordinary action of expiration is hardly effected by muscular force,
results
their

from a return

own

elasticity

of the walls of the thorax to a condition of rest,

and

owing

biTt

to

the lungs. Forced expiratory actions are
muscles (Obliqui and Transversalis) of the abdomen,

to that of

performed mainly by the flat
Other mu.scles of forced expiration are the Internal
assisted also by the Eectus.
intercostals and Triangularis sterni (as above mentioned), the Quadratus lumborum, and the Ilio-costalis.
III.

The muscles
ficial

muscles

Muscles of the Abdomen
:

super-

;

I.

The Muscles

—

abdomen may be divided into two groups
i. The
abdomen and 2. The deep muscles of the abdomen.

of the

of the

Superficial Muscles

in this region are, the

Obliquus Externus.
Obliquus Internus.

Transversalis.

Eectus.
Pyramidalis.

—

Dissection (fig. 328). To dissect the abdominal muscles, make a vertical incision from
the ensiform cartilage to the symphysis pubis a second incision from the umbilicus
obliquely upwards and outwards to the outer surface of the chest, as high as tlie lower border of the
Dissection of abdomen.
Fig. 328.
fifth or sixth rib
and a third, commencing midway
between the umbilicus and pu.bes, transversely
outwards to the anterior superior iliac spine, and
along the crest of the ilium as far as its posterior third.
Tlien reflect the tl:iree flaps included
between these incisions from within outwards, in
the lines of direction of the muscular fibres. If
necessary, the abdominal muscles may be made
tense by inflating the peritoneal cavity through the
umbilicus.
;

—

;

The

Superficial fascia of the abdomen conover the greater part of the abdominal
wall of a single layer of fascia, which contains
a variable amount of fat but as this layer
approaches the groin it is easily divisible into
two layers, between which are found the superficial vessels and nerves and the superficial
inguinal lymphatic glands.
The superficial
layer is thick, areolar in texture, containing
adipose tissue in its meshes, the quantity of
sists

;

which varies

in different subjects.

Below

3.

Dis

section

of\

inguinalV
*
hernia

it

passes over Poupart's ligament, and is continuous with the outer layer of the superficial
fascia of the thigh.
In the male this fascia is
continued over the penis and outer surface of the cord to the scrotum, where it
helps to form the dartos.
As it passes to the scrotum it changes its character,
becoming thin, destitute of adipose tissue and of a pale reddish colour, and in the
scrotum it acquires some involuntary muscular fibres. From the scrotum it may

MUSCLES AND FASCIA

448

be traced backwards to be continuous with the superficial fascia of the perinaeuui.
In the female, this fascia is continued into the labia majora. The deeper layer
{fascia of Scarpa) is thinner and more membranous in character than the superIn the middle line, it is intimately adherent to the linea alba and to
ficial layer.
the symphysis pubis, and is prolonged on to the dorsum of the penis, forming the
suspensory ligament above, it is continuous with the superficial fascia over the
below, it blends with the fascia lata of the thigh a little below
rest of the trunk
Poupart's ligament and below and internally, it is continued over the penis and
;

;

;

Fig. 529.

— The External oblique muscle.

External
abdominal ring ,__
Givibernafs f
ligament /

spermatic cord to the scrotum, where it helps to form the dartos. From tlae
scrotum it may be traced backwards to be continuous with the deep layer of the
In the female, it is continued into the labia
superficial fascia of the peringeum.
majora.
The External or Descending oblique muscle (fig. 329) is situated on the side
and fore part of the abdomen being the largest and the most superficial of the
three fiat muscles in this region. It is broad, thin, and irregularly quadrilateral,
its muscular portion occupying the side, its aponeurosis the anterior wall of the
;
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by eight fleshy

digitations,
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from the external sm-face and

lower borders of the eight infeiior ribs these digitations are arranged in an
oblique line running downwards and backwards
the upper ones being attached
close to the cartilages of the corresponding ribs
the lowest to the apex of the
the intermediate ones, to the ribs at some distance from
cartilage of the last rib
;

;

;

;

their cartilages.

The

five superior serrations increase in size

from above downwards, and are received between corresponding processes of the Serratus magnus
the three lower ones diminish in size from above downwards, receiving between
them corresponding processes from the Latissimus dorsi. From these attachments the fleshy fibres proceed in various directions. Those from the lowest
ribs pass nearly vertically downwards, to be inserted into the anterior half of the
outer lip of the crest of the ilium the middle and upper fibres, directed downwards and forwards, terminate in an aponeurosis, opposite a line drawn from the
prominence of the ninth costal cartilage to the anterior superior spinous process
of the ilium.
The Aponeurosis of the External oblique is a thin but strong membranous
aponeurosis, the fibres of which are directed obliquely downwards and inwards.
It is joined with that of the opposite muscle along the median line, covers the
whole of the front of the abdomen above, it is connected with the lower border
below, its fibres are closely aggregated together, and
of the Pectoralis major
extend obliquely across from the anterior superior spine of the ilium to the spine
of the OS pubis and the linea ilio-pectinea.
In the median line, it interlaces with
the aponeurosis of the opposite muscle, forming the linea alba, which extends
from the ensiform cartilage to the symphysis pubis.
That portion of the aponeurosis which extends between the anterior superior
spine of the ihum and the spine of the os pubis is a broad band, folded inwards,
and continuous below with the fascia lata it is called Poupart's ligament. The
portion which is reflected from Poupart's ligament at the spine of the os pubis
along the pectineal line is called Gimbernat' s ligament. From the point of attachment of the latter to the pectineal line, a few fibres pass upwards and inwards,
behind the inner pillar of the ring, to the linea alba. They diverge as they
ascend, and form a thin triangular fibrous layer, which is called the triangular
fascia of the ahdomen.
In the aponeurosis of the External oblique, immediately above the crest of
the OS pubis, is a triangular opening, the external abdominal ring, formed by a
separation of the fibres of the aponeurosis in this situation.
Relations.
By its external surface, with the superficial fascia, superficial
epigastric and circumflex iliac vessels, and some cutaneous nerves.
By its
internal surface, with the Internal oblique, the lower part of the eight inferior
ribs, and Intercostal muscles, the Cremaster, the spermatic cord in the male, and
round ligament in the female. Its 2)osterior border, extending from the last rib
to the crest of the ilium, is fleshy throughout and free
it is occasionally overlapped by the Latissimus dorsi, though generally a triangular interval exists
between the two muscles near the crest of the ilium in which is seen a portion
of the Internal oblique.
This triangle. Petit' s triangle, is therefore bounded in
front by the External oblique, behind by the Latissimus dorsi, below by the
crest of the ilium, while its floor is formed by the Internal oblique (fig. 324).
The following parts of the aponeurosis of the External oblique muscle I'equire
to be further described, viz. the external abdominal ring, the intercolumnar fibres
and fascia, Poupart's ligament, Gimbernat's ligament, and the triangular ligament
of the abdomen.
The External abdominal ring. Just above, and to the outer side of the
crest of the os pubis, an interval is seen in the aponeurosis of the External
The aperture is oblique in direction,
oblique, called the External abdominal ring.
somewhat triangular in form, and corresponds with the course of the fibres of
the aponeurosis. It usually measures from base to apex about an inch, and
transversely about half an inch. It is bounded below by the crest of the os pubis
;

;

;

;

;

—

;

—

GO

;
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above, by a series of curved fibres, the inter coluvmar, which pass across the
upper angle of the ring, so as to increase its strength and on each side, by the
margins of the opening in the aponeurosis, which are called the columns or
;

pillars of the ring.

The external
its direction, is

which

is

pillar,

which

the stronger

;

is

same time inferior from the obliquity of
formed by that portion of Poupart's ligament
the os pubis it is curved so as to form a kind

at the

it is

inserted into the spine of

;

upon which the spermatic cord rests. The internal or superior pillar
a broad, thin, flat band which is attached to the front of the symphysis'pubis,

of groove,
is

interlacing with its

fellow of the opposite side, that of the right side being

superficial.

The external abdominal ring gives passage to the spermatic cord in the male,
and round ligament in the female it is much larger in men than in women, on
account of the large size of the spermatic cord, and hence the greater frequency
of inguinal hernia in men.
The intercolumiiar fibres are a series of curved tendinous fibres, which arch
across the lower part of the aponeurosis of the External oblique. They have
received their name from stretching across between the two pillars of the external
:

curve with the convexity dowTiwards. They are much thicker
margin of the external ring, where they are connected
to the outer third of Poupart's ligament, than internally, where they are inserted
They are more strongl}' developed in the male than in the
into the linea alba.
female.
The intercolumnar fibres increase the strength of the lower part of the
aponeurosis, and prevent the divergence of the pillars from one another.
These intercolumnar fibres, as they pass across the external abdominal ring,
are themselves connected together by delicate fibrous tissue, thus forming a fascia
which, as it is attached to the pillars of the ring, covers it in, and is called the
This intercolumnar fascia is continued down as a tubular
inter coluvmar fascia.
prolongation around the outer surface of the cord and testis, and encloses them
in a distinct sheath, hence it is also called the external spermatic fascia.
ring, describing a

and stronger

at the outer

The sac of an inguinal hernia, in passing through the external abdominal
an investment from the intercolumnar fascia.

ring, receives

introduced a short distance into the external abdominal ring
then extended and rotated outwards, the aponeurosis of the
External oblique, together with the iliac portion of the fascia lata, will be felt to
become tense, and the external ring much contracted if the limb is on the contrary flexed upon the pelvis and rotated inwards, this aponeurosis will become
lax and the external abdominal ring sufiiciently enlarged to admit the finger with
comparative ease hence the patient should always be put in the latter position
when the taxis is applied for the reduction of an inguinal hernia, in order that the
abdominal walls may be relaxed as much as possible.
Poupart's ligament, or the crural arch, is the lower border of the aponeurosis
of the External oblique muscle, which extends from the anterior superior spipe of
If

the finger

and the limb

is

is

;

;

the ilium to the spine of the os pubis.

From

this latter point

it

is

reflected

outwards to be attached to the pectineal line for about half an inch, forming
Gimbernat's ligament. Its general direction is curved downwards towards the
Its outer half is rounded and
thigh, w^here it is continuous with the fascia lata.
oblique in direction. Its inner half gradually w^idens at its attachment to the os
pubis, is more horizontal in direction, and lies beneath the spermatic cord.
Nearly the whole of the space included between the crural arch and the
innominate bone is filled in by the parts which descend from the abdomen into
the thigh. These will be referred to again on a subsequent page.
Gimbernat's ligament is that part of the aponeurosis of the External oblique
muscle which is reflected downwards and outwards from the spine of the os pubis
It is about half an inch in length, larger in
to be inserted into the pectineal line.
the male than in the female, almost horizontal in direction in the erect posture.

;
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and of a triangular form with the base directed outwards. Its base, or outer
margin, is concave, thin, and sharp, and Hes in contact with the crural sheath
forming the inner boundary of the femoral ring. Its apex corresponds to the
spine of the os pubis.
Its posterior margin is attached to the pectineal line, and
is continuous with the pubic portion of the fascia lata.
Its anterior margin is
continuous with Poupart's ligament.
The triangular fascia of the abdomen is a layer of tendinous fibres of a
triangular shape, which is attached by its apex to the pectineal line, where it is
continuous with Gimbernat's ligament. It passes inwards beneath the spermatic
cord, and expands into a somewhat fan-shaped fascia, lying behind the inner
Fig.

pillar of the external

^2>°-

— The Internal oblique muscle.

abdominal

ring,

and

in front of the conjoined tendon,

and

interlaces with the ligament of the other side at the linea alba.

—Detach

the External oblique by dividing it across, just in front of its
as far as its posterior border, and separate it below from the
then separate the muscle carefully
crest of the ilium as far as the anterior superior spine
from the Internal oblique, which lies beneath, and turn it towards the opposite side.
Dissection.

attachment to the

ribs,

;

The Internal or Ascending oblique muscle (fig. 330), thinner and smaller
than the preceding, beneath w^hich it hes, is of an irregularly quadrilateral form,
and situated at the side and fore part of the abdomen. It arises, by fleshy fibres,
from the outer half of Poupart's hgament, being attached to the groove on its
upper surface from the anterior two-thirds of the middle hp of the crest of the
From this origin the
ilium, and from the posterior lamella of the lumbar fascia.
fibres diverge those from Poupart's ligament, few in number, and paler in colour
G G 2
;

:
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than the rest, arch downwards and inwards across the spermatic cord in the
male and the round hgament in the female, and, becoming tendinous, are inserted, conjointly with those of the TransversaHs, into the crest of the os pubis
and pectineal line, to the extent of half an inch, forming what is known as the
those from the
conjoined tendon of the Internal obhque and Transversalis
;

anterior third of the iliac origin are horizontal in their direction, and, becoming
tendinous along the lower fourth of the hnea semilunaris, pass in front of the
Eectus muscle to be inserted into the linea alba; those which arise from the

middle third of the origin from the crest of the ilium pass obliquely upwards and
inwards, and terminate in an aponeurosis, which divides at the outer border of
the Eectus muscle into two lamellae, which are continued forwards, in front and
behind this muscle to the linea alba the posterior lamella being also connected
the most posterior fibres
to the cartilages of the seventh, eighth, and ninth ribs
pass almost vertically upwards, to be inserted into the lower borders of the
cartilages of the three lower ribs, being continuous with the Internal intercostal
:

;

muscles.
The conjoined tendon of the Internal oblique and Transversalis is inserted into
the crest of the os pubis and pectineal line, immediately behind the external
abdominal ring, serving to protect what would otherwise be a weak point in the
Sometimes this tendon is insufficient to resist the pressure
abdominal wall.
from within, and is carried forward in front of the protrusion through the external
or the hernia forces
ring, forming one of the coverings of direct inguinal hernia
;

way through

the fibres of the conjoined tendon.
The aponeurosis of the Internal oblique is continued forward to the middle
line of the abdomen, where it. joins with the aponeurosis of the opposite muscle
At
at the linea alba, and extends from the margin of the thorax to the os pubis.
its

the outer margin of the Eectus muscle, this aponeurosis, for the upper threefourths of its extent, divides into two lamellae, which pass, one in front and the
other behind the muscle, enclosing it in a kind of sheath, and reuniting on its
inner border at the linea alba the anterior layer is blended with the aponeurosis
;

External oblique muscle the posterior layer with that of the Transversalis.
Along the lower fourth, the aponeurosis passes altogether in front of the Eectus
Where the aponeurosis ceases to split, and passes
without any separation.
altogether in front of the Eectus muscle, a deficiency is left in the sheath of the
muscle behind this is marked above by a sharp lunated margin, having its
concavity downwards. This is known as the semilunar fold of Douglas.
Relations.
By its external surface, wath the External obhque, Latissimus
By its internal surface, with the Transdorsi, spermatic cord, and external ring.
versalis muscle, the lower intercostal vessels and nerves, the ilio-hypogastric and
the ilio-inguinal nerves. Near Poupart's ligament, it hes on the fascia transIts lower border forms the upper
versalis, internal ring, and spermatic cord.
boundary of the spermatic canal.
The Cremaster muscle is a thin muscular layer, composed of a number of
fasciculi which arise from the inner part of Poupart's ligament where its fibres
are continuous with those of the Internal oblique and also occasionally with
the Transversalis. It passes along the outer side of the spermatic cord, descends
with it through the external abdominal ring upon the front and sides of the cord,
and forms a series of loops which differ in thickness and length in different
subjects.
Those at the upper part of the cord are exceedingly short, but they
become in succession longer and longer, the longest reaching down as low as the
of the

;

;

—

where a few are inserted into the tunica vaginalis. These loops are
united together by areolar tissue, and form a thin covering over the cord and
testis, the fascia cremasterica.
The fibres ascend along the inner side of the cord,
and are inserted by a small pointed tendon into the crest of the os pubis and front
of the sheath of the Eectus muscle.
It will be observed that the origin and insertion of the Cremaster is precisely
similar to that of the lower fibres of the Internal oblique.
This fact affords an
testicle,
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manner in which the testicle and cord are invested by
At an early period of foetal life the testis is placed at the lower and
back part of the abdominal cavity, but during its descent towards the scrotum,
which takes place before birth, it passes beneath the arched fibres of the Internal
In its passage beneath this muscle some fibres are derived from its
oblique.
lower part which accompany the testicle and cord into the scrotum.
It
occasionally happens that the loops of the Cremaster surround the cord, some
lying behind as w^ell as in front.
It is probable that under these circumstances
the testis, in its descent, passed through instead of beneath the fibres of the
easy explanation of the

this muscle.

.

Internal oblique.
In the descent of an oblique inguinal hernia, which takes the same course as
the spermatic cord, the Cremaster muscle forms one of its coverings.
This

muscle becomes largely developed in cases of hydrocele and large, old scrotal
The Cremaster muscle is only found in the male, but almost constantly
in the female a few muscular fibres may be found on the surface of the round
ligament, which correspond to this muscle, and in cases of oblique inguinal hernia
in the female a considerable amount of muscular fibre may be found covering the
hernia.

sac.

—

Detach the Internal oblique in order to expose the Transversalis beneath.
be effected by dividing the ninscle above, at its attachment to the ribs below,
at its comiection with Poupart's ligament and the crest of the ilium; and behind, by a
The inuscle sliould
vertical incision extending from the last rib to the crest of the ilium.
previously be made tense by drawing upon it with the fingers of the left hand, and if its
division is carefully effected, the cellular interval between it and the Transversalis, as well
as the direction of the fibres of the latter muscle, will afford a clear guide to their
separation along the crest of the ilium the circumflex iliac vessels are interposed between
them, and form an important guide in separating them. The inuscle should then be
thrown inwards towards the linea alba.
Dissection.

This

may

;

;

The Transversalis inuscle (fig. 331), so called from the direction of its fibres,
the most internal flat muscle of the abdomen, being placed immediately
beneath the Internal oblique. It arises by fleshy fibres from the outer third of
Poupart's ligament from the inner lip of the crest of the ilium, for its anterior
three-fourths from the inner sm-face of the cartilages of the six lower ribs,
interdigitating with the Diaphragm
and by the lumbar fascia from the spinous
is

;

;

;

lumbar vertebrae. The muscle terminates in front
in a broad aponeurosis, the lower fibres of which curve downwards and inwards,
and are inserted, together with those of the Internal oblique, into the lower part
of the linea alba, the crest of the os pubis and pectineal line, forming what is
known as the conjoined tendon of the Internal oblique and Transversalis.
Throughout the rest of its extent the aponeurosis passes .horizontally inwards,
and is inserted into the linea alba its upper three-fourths passing behind the
Eectus muscle, blending with the posterior lamella of the Internal obhque its
and transverse processes

of the

;

;

lower fourth passing in front of the Eectus.
Relations.
By its external surface, with the Internal oblique, and the inner
surface of the cartilages of the lower ribs. By its internal surface, with the fascia
Its lower border forms
transversalis, which separates it from the peritoneum.
the upper boundary of the spermatic canal.

—

—

Dissection.
To expose the Eectus muscle, open its sheath by a Vertical incision
extending from the margin of the thorax to the os pubis, and then reflect the two portions
from the surface of the muscle, which is easily done, excepting at the linese transversae,
where so close an adhesion exists that the greatest care is requisite in separating them.
Now raise the outer edge of the muscle, in order to examine the posterior layer of the
sheath.
By dividing the muscle in the centre, and turning its lower part downwards,
the point where the posterior waU of the sheath terminates in a thin curved margin wiU
be seen.

muscle, which extends along the whole
length of the front of the abdomen, being separated from its fellow of the

The Rectus abdominis

is

a long

flat
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opposite side by the linea alba.
It is much broader, but thinner, above than
below, and arises by two tendons, the external or larger being attached to the
crest of the os pubis
the internal, smaller portion, interlacing with its fellow of
the opposite side, and being connected with the ligaments covering the front of
the symphysis pubis. The fibres ascend, and the muscle is inserted by three
;

portions of unequal size into the cartilages of the fifth, sixth, and seventh ribs.
The upper portion, attached principally to the cartilage of the fifth rib, also
Fig. 331.

L in,

e

a

usually has

Some

— The Transversalis, Rectus, and Pyramidalis muscles.

alba

some

fibres of insertion into the anterior extremity of the rib itself.

connected with the costo-xiphoid ligaments, and side
ensiform cartilage.
The Eectus muscle is traversed by tendinous intersections, three in number,
which have received the name of linea transversa. One of these is usually
situated opposite the umbilicus, and two above that point of the latter, one
corresponds to the extremity of the ensiform cartilage, and the other is about
fibres are occasionally

of the

;
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Tliese intersections
the ensiform cartilage and the iimbihcus.
pass transversely or obliquely across the muscle in a zigzag course they rarely
extend completely through its substance, sometimes pass only half-way across
it, and are intimately adherent in front to the sheath in which the muscle is
Sometimes one or two additional lines may be seen, one usually below
enclosed.
the position of the other, where it exists, is variable.
These
the umbilicus
additional lines are for the most part incomplete.
The Eectus is enclosed in a sheath (fig. 332) formed by the aponeuroses of
the Oblique and Transversalis muscles, which are arranged in the following
manner. When the aponeurosis of the Internal oblique arrives at the outer

midway between

;

;

margin of the Eectus, it divides into two lamellae, one of w^'hich passes in front of
the Eectus, blending with the aponeurosis of the External oblique
the other,
behind it, blending with the aponeurosis of the Transversalis and these, joining
again at its inner border, are inserted into the linea alba. This arrangement of
;

;

aponeurosis exists along the upper three-fourths of the muscle
at the
of the lower fourth, the posterior wall of the sheath terminates
in a thin curved margin, the semilunar fold ofDotiglas, the concavity of which looks
downwards towards the pubes the aponeuroses of all three muscles passing in
the

:

commencement

:

Fig. 332.

—A transverse section of the abdomen in the lumbar region.

any separation. The extremities of the fold of
Douglas descend as pillows to the os pubis. The inner pillar is attached to the
symphysis pubis
the outer pillar, which is named, by Braune the ligament of
Hesselbach, divides below to enclose the internal abdominal ring the interna,
fibres are attached to the ascending ramus of the os pubis and the pectineal
fascia
the external ones pass to the Psoas fascia and to the Transversalis where
it arises from Poupart's ligament on the outer side of the ring.
The Eectus
muscle, in the situation where its sheath is deficient, is separated from the
peritoneum by the transversalis fascia.
The Pyramidalis is a small muscle, triangular in shape, placed at the lower
part of the abdomen, in front of the Eectus, and contained in the same sheath
with that muscle. It arises by tendinous fibres from the front of the os pubis
and the anterior pubic ligament the fleshy portion of the muscle passes upwards,
diminishing in size as it ascends, and terminates by a pointed extremity, which
is inserted into the linea alba, midway between the umbilicus and the os pubis.
This muscle is sometimes found wanting on one or both sides the lower end of
the Eectus then becomes proportionately increased in size.
Occasionally it has
been found double on one side, or the muscles of the two sides are of unequal
size.
Sometimes its length exceeds what is stated above.
front of the Eectus without

;

;

;

;

;
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—

Nerves.
The abdominal muscles are supplied by the lower intercostal nerves.
The Internal oblique also receives a filament from the ilio-inguinal nerve. The

Cremaster is supplied by the genital branch of the Genito-crural.
In the description of the abdominal muscles, mention has frequently been
made of the linea alba, lineae semilunares, and lineae transversse when the
dissection of the muscles is completed, these structures should be examined.
The linea alba is a tendinous raphe seen along the middle line of the abdomen,
extending from the ensiform cartilage to the symphysis pubis, to which it is
attached.
It is placed between the inner borders of the Eecti muscles, and is
formed by the blending of the aponeuroses of the Obliqui and Transversales
muscles. It is narrow below, corresponding to the narrow interval existing
between the Eecti but broader above, as these muscles diverge from one another
in their ascent, becoming of considerable breadth after great distension of the
abdomen from pregnancy or ascites. It presents numerous apertures for the
passage of vessels and nerves
the largest of these is the umbilicus, which in
;

;

;

the foetus transmits the umbilical vessels, but in the adult

is

obliterated, the

than the neighbouring parts hence umbilical hernia
occurs in the adult near the umbilicus, whilst in the foetus it occurs at the
umbilicus.
The Hnea alba is in relation, in front, with the integument, to which
it is
adherent, especially at the umbilicus
behind, it is separated from the
peritoneum by the transversalis fascia
and below, by the urachus, and the
bladder when that organ is distended.
The lineae semilunares are two curved tendinous lines placed one on each side
of the linea alba.
Each corresponds with the outer border of the Eectus muscle,
extends from the cartilage of the ninth rib to the pubic spine, and is formed by
cicatrix being stronger

;

;

;

the aponeurosis of the Internal oblique at its point of division to enclose the
Eectus, where it is reinforced in front by the External oblique, and behind by
the Transversalis.

The

lineae transversae are

lines which intersect the Eecti
they connect the linese semilunares with the

narrow transverse

muscles, as already mentioned

;

linea alba.

—

The abdominal muscles perform a threefold action.
the pelvis and thorax are fixed, they compress the abdominal viscera,
by constricting the cavity of the abdomen, in which action they are materially
assisted by the descent of the diaphragm.
By these means assistance is given in
Actions.

When

expelling the foetus from the uterus, the faces from the rectum, the urine from the
bladder,

and the contents of the stomach in vomiting.
and spine are fixed, these muscles compress the lower part

If the pelvis

of

the thorax, materially assisting expiration.
If the pelvis alone is fixed, the
thorax is bent directly forward, when the muscles of both sides act, or to either
side when those of the two sides act alternately, rotation of the trunk at the

same time taking place
thorax
as in climbing
If the

;

to the opposite side.

is fixed,

or,

these muscles, acting together, draw the pelvis upwards,
draw the pelvis upwards, and bend the

acting singly, they

column to one side or the other. The Eecti muscles, acting from below,
when acting
depress the thorax, and consequently flex the vertebral column
from above, they flex the pelvis upon the vertebral column. The Pyramidales
are tensors of the linea alba.

vertebral

;

The fascia transversalis is a thin aponeurotic membrane which lies between
It forms
the inner surface of the Transversalis muscle and the peritoneum.
part of the general layer of fascia which lines the interior of the abdominal and
In
pelvic cavities, and is directly continuous with the iliac and pelvic fasciae.
the inguinal region, the transversalis fascia is thick and dense in structure and
joined by fibres from the aponeurosis of the Transversalis muscle, but it becomes
thin and cellular as it ascends to the Diaphragm, and blends with the fascia
covering this muscle. In front, it unites across the middle line with the fascia

on the opposite

side of the body,

and behind

it

becomes

lost in the fat

which

;
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covers the posterior surfaces of the kidneys.
Below, it has the following attachments posteriorly, it is connected to the whole length of the crest of the ilium,
between the attachments of the Transversalis and Iliacus muscles between the
anterior superior spine of the ilium and the femoral vessels it is connected to
the posterior margin of Poupart's ligament, and is there continuous with the
Internal to the femoral vessels it is thin and attached to the os
iliac fascia.
pubis and pectineal line, behind the conjoined tendon, with which it is united
and, corresponding to the point where the femoral vessels pass into the thigh,
this fascia descends in front of them, forming the anterior wall of the crural
sheath.
Beneath Poupart's ligament it is strengthened by a dense band of
fibrous tissue, which is only loosely connected to Poupart's ligament, and is
The spermatic cord in the male and the
specialised as the deep crural arch.
round ligament in the female pass through this fascia the point where they pass
through is called the internal abdominal ring.
This opening is not visible
externally owing to a prolongation of the transversalis fascia on these structures,
:

;

;

forming the infundibuliform process.
The Internal or deep abdominal ring

midway between the

is

situated in the transversalis fascia,

and the symphysis
an inch above Poupart's ligament. It is of an oval form,
the extremities of the oval directed upwards and downwards, varies in size in
different subjects, and is much larger in the male than in the female.
It is
bounded, above and externally, by the arched fibres of the Transversalis below
and internally, by the deep epigastric vessels. It transmits the spermatic cord
in the male and the round ligament in the female.
From its circumference a
pubis,

and about

anterior superior spine of the ilium

half

;

membrane, the infundibuliform fascia,
enclosing them in a distinct pouch.

thin funnel-shaped

cord and

When

testis,

is

continued rorind the

the sac of an oblique inguinal hernia passes through the internal or deep
ring, the infundibuliform process of the transversalis fascia forms one of its

abdominal
coverings.

The inguinal

and
an oblique canal about an inch and a
half in length, directed downwards and inwards, and placed parallel to and a
little above Poupart's ligament.
It commences above at the internal or deep
abdominal ring, which is the point where the cord enters the spermatic canal,
and terminates below at the external ring. It is bounded in front by the integument and superficial fascia, by the aponeurosis of the External oblique throughout
its whole length, and by the Internal oblique for its outer third
behind, by the
triangular fascia, the conjoined tendon of the Internal oblique and Transversalis,
transversalis fascia, and the subperitoneal fat and peritoneum
above, by the
arched fibres of the Internal oblique and Transversalis below, by the union of
the fascia transversalis with Poupart's ligament.
or spermatic canal contains the spermatic cord in the male

the round ligament in the female.

It is

;

;

;

That form of protrusion in which the intestine follows the course of the spermatic
cord along the spermatic canal is called oblique inguinal hernia.

—

The deep crural arch. Curving over the vessels, just at the point where they
become femoral, on the abdominal side of Poupart's ligament and loosely connected
with it, is a thickened band of fibres called the deep crural arch. It is apparently
thickening of the fascia transversalis, joining externally to the centre of
Poupart's ligament, and arching across the front of the crural sheath to be
inserted by a broad attachment into the spine of the os pubis and ilio-pectineal
line, behind the conjoined tendons.
In some subjects this structure is not very
prominently marked, and not unfrequently it is altogether wanting.
a

—

Surface Form. The only two muscles of this group which have any considerable influence on surface form are the External oblique and Eectus muscles of the abdomen. With
regard to the External obliqiie, the upper digitations of its origin ft'om the ribs are well
marked, intermingled with the serrations of the Serratus raagnus the lower digitations are
not visible, being covered by the thick border of the Latissimus dorsi. Its attachment to the
;
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with tlie Internal oblique, forms a thick oblique roll, whicli
determines the iliac furrow. Sometimes on the front of the lateral region of the abdomen
an undulating outline marks the spot where the muscular fibres terminate and the
aponeurosis commences. The outer border of the Rectus is defined by the linea semilunaris, which may be exactly defined by putting the muscle into action.
It corresponds
with a curved line, with its convexity outwards, drawn from the end of the cartilage of
the ninth rib to the spine of the os pubis, so that the centre of the line, at or near the
umbilicus, is three inches from the median line. The inner border of the Rectus
corresponds to the linea alba, marked on the surface of the body by a groove, the
abdominal furro'iv, wliich extends from the infrasternal fossa to, or to a little below, the
umbilicus, where it gradually becomes lost. The surface of the Rectus presents three
transverse furrows, the linecd transversce. The upper two of these, one opposite or a little
below the tip of the ensiform cartilage, and another, midway between this point and the
the third, opposite the umbilicus, is not so distinct.
iimbilicus, are usually well marked
The umbilicus, situated in the linea alba, varies very much in position as regards its
height.
It is always situated above a zone drawn round the body opposite the highest
point of the crest of the ilium, generally being about three-quarters of an inch to an inch
above this line. It generally corresponds, therefore, to the fibro-cartilage between the

crest of the ilium, in conjunction

;

third and fourth lumbar vertebrae.

2.

Deep Muscles of the Abdomen

Psoas parvus.
Psoas magnus.

Iliacus.

Quadratus lumborum.

The Psoas magnus, the Psoas parvus, and
fascia covering them, will be described with the

the IHacus muscles, with the
Muscles of the Lower Extremity

page 507).
The fascia covering the Quadratus lumborum. This is the most internal of
the two layers of fascia which are given off from the anterior or deep surface of
It is a thin layer of fascia which, passing over the anterior
the lumbar fascia.
surface of the Quadratus lumborum, is attached, internally, to the anterior
surface of the transverse processes of the lumbar vertebrae below, to the iliolumbar ligament and above, to the apex and lower border of the last rib.
The portion of this fascia which extends from the transverse process of the
first lumbar vertebra to the apex and lower border of the last rib, constitutes the
ligamentum arcuatum externum.
The duadratus lumborum (fig. 325, page 433) is situated in the lumbar
region.
It is irregularly quadrilateral in shape, and broader below than above.
It arises by aponeurotic fibres from the ilio-lumbar ligament and the adjacent
portion of the crest of the ilium for about two inches, and is inserted into the
lower border of the last rib for about half its length and, by four small tendons,
into the apices of the transverse processes of the four upper lumbar vertebrae.
(see

—

;

;

Occasionally a second portion of this muscle is found situated in front of the
It arises from the upper borders of the transverse processes of three
or four of the lower lumbar vertebrae, and is inserted into the lower margin of
the last rib. The Quadratus lumborum is contained in a sheath formed by the
anterior and middle lamellae of the lumbar fasciae.
Relations.
Its anterior surface (or rather the fascia which covers its
anterior surface) is in relation with the colon, the kidney, the Psoas muscle, and
the Diaphragm. Its posterior surface is in relation with the middle lamella of
the lumbar fascia, which separates it from the Erector spinjfi. The Quadratus
lumborum extends, however, beyond the outer border of the Erector spinae.
Nerve-supply.
The anterior branches of the last dorsal and first lumbar
nerves.
Actions.
The Quadratus lumborum draws down the last rib, and acts as a
muscle of forced expiration
but, at the same time, by fixing the last rib it
opposes the tendency of the Diaphragm to draw it upwards, and thus it becomes
an assistant to inspiration. If the thorax and spine are fixed, it may act upon
the pelvis, raising it towards its own side when only one muscle is put in
action and when both muscles act together, either from below or above, they flex
the trunk.

preceding.

—

—

—

;

;
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Muscles of the Pelvic Outlet

IV.

The muscles of this region
and the perina3um.

are situated at the pelvic oiitlet in the ischio-

They include the following

rectal region

Muscles of the ischio-rectal region.
A. In the Male
II. Muscles of the perinaeum

:

I.

:

I.

.

Muscles op the

;

B. In the Female.

Ischio-Pi.ectal

Eegion

Internal sphincter ani.

Corrugator cutis ani.
External sphincter ani.

Levator

ani.

Coccygeus.

—

The Corrugator cutis ani. Around the anus is a thin stratum of involuntary
muscular fibre, which surrounds it in a radiating manner. Internally, the fibres
fade off into the submucous tissue, whilst externally they blend v/ith the true
skin.
By its contraction it raises the skin into ridges radiating from the margin
of the anus.

The External sphincter ani is a thin, flat plane of muscular fibres, elliptical
shape and intimately adherent to the integument surrounding the margin of
the anus. It measures about three or four inches in length, from its anterior to
It
its posterior extremity, being about an inch in breadth, opposite the anus.
arises from the tip of the coccyx, by a narrow tendinous band, and from the
superficial fascia in front of that bone
and is inserted into the central tendinous
point of the peringeum, joining with the Transversus perinsei, the Levator ani,
and the Accelerator urinse. Like other sphincter muscles, it consists' of two
planes of muscular fibre, which surround the margin of the anus, and join in a
commissure in front and behind, some fibres crossing from side to side in front
and behind the anus.
Nerve-supply. A branch from the anterior division of the fourth sacral and
the inferior hgemorrhoidal branch of the internal pudic.
Actions.- The action of this muscle is peculiar: i. It is, like other muscles,,
always in a state of tonic contraction, and having no antagonistic muscle it keeps
the anal orifice closed.
2. It can be put into a condition of greater contraction
under the influence of the will, so as to more firmly occlude the anal aperture in
other expiratory efforts, unconnected with defsecation.
3. Taking its fixed point
at the coccyx, it helps to fix the central point of the perineum, so that the
Accelerator may act from this fixed point.
The Internal sphincter is a muscular ring which surrounds the lower
extremity of the rectum for about an inch its inferior border being contiguous
to, but quite separate from, the External sphincter.
This muscle is about two
lines in thickness, and is formed by an aggregation of the involuntary circular
fibres of the intestine.
It is paler in colour and less coarse in texture than the
External sphincter.
Actions.
Its action is entirely involuntary.
It helps the External sphincter
in

;

—

—

;

—

to occlude the anal aperture.

The Levator

ani (fig. 333) is a broad, thin muscle, situated on each side of
attached to the inner surface of the sides of the true pelvis, and
descending unites with its fellow of the opposite side to form the floor of the
pelvic cavity.
It supports the viscera in this cavity and surrounds the various
structures which pass through it.
It arises, in front, from the posterior su.rface
of the body of the os pubis on the outer side of the symphysis
posteriorly, from
the inner surface of the spine of the ischium and between these two points,
from the angle of division between the obturator and recto-vesical layers of the
pelvic fascia at their under part.
The fibres pass dow^nwards to the middle line
of the floor of the pelvis, and are inserted, the most posterior into the sides of
the apex of the coccyx those placed more anteriorly unite with the muscle of

the pelvis.

It is

;

;

•

;

•
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the opposite side, in a median fibrous raphe, which extends between the coccyx
and the margin of the anus. The middle fibres, which form the larger portion
of the muscle, are inserted into the side of the rectum, blending with the fibres
of the Sphincter muscles
lastly, the anterior fibres, the longest, descend upon
the side of the prostate gland to unite beneath it with the muscle of the opposite
side, blending with the fibres of the External sphincter and Transversus peringei
muscles at the central tendinous point of the perinaeum.
The anterior portion is occasionally separated from the rest of the muscle by
connective tissue. From this circumstance, as well as from its peculiar relation
with the prostate gland, descending by its side, and surrounding it as in a sling,
;

has been described by Santorini and others as a distinct muscle, under the
of Levator prostatae.
In the female, the anterior fibres of the Levator ani
descend upon the side of the vagina.
Relations.
By its inner or i^elvic surface, with the recto-vesical fascia, which

it

name

—
Fig. 3j3- — Side view of

pelvis,

Museum

showing Levator ani. (From a preparation in the
Eoyal College of Surgeons.)

of the

4^^==^

separates

it

from the viscera of the pelvis and from the peritoneum.
it forms the inner boundary of the ischio-rectal

or perineal surface,

By its outer
fossa,

and

is

covered by a thin layer of fascia, the ischio-rectal or anal fascia, given off from
the obturator fascia. li% posterior border is free and separated from the Coccygeus
muscle by a cellular interspace. Its anterior border is separated from the muscle
of the opposite side by a triangular space, through which the urethra, and in the
female the vagina, passes from the pelvis.
Nerve-supply. A branch from the anterior division of the fourth sacral nerve
and a branch from the pudic nerve, which is sometimes derived from the
perineal, sometimes from the inferior hsemorrhoidal division.
This muscle supports the lower end of the rectum and vagina, and
Actions.
It elevates and inverts the lower
also the bladder during the efforts of expulsion.
end of the rectum after it has been protruded and everted during the expu.lsion of

—

—

the faeces.

It is also a

The Coccygeus

is

muscle

of forced expiration.

situated behind

and parallel with the preceding.

triangular plane of muscular and tendinous fibres, arising, by

its

It is a

apex, from the
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spine of the ischium and lesser sacro-sciatic hgament, and inserted, by its base,
margin of the coccyx and into the side of the lower piece of the sacrum.
It assists the Levator ani and Pyriformis in closing in the back part of the outlet

into the

of the pelvis.

Relations.

—By

its

inner or pelvic stcrface, v^ith the rectum.

surface, with the lesser sacro-sciatic ligament.

The

By

its

external

lozver border is in relation

with the posterior border of the Levator ani, but separated from it by a cellular
its upper border is in relation with the lower border of the Ppdformis,
but separated from it by the sciatic and internal pudic vessels and nerve.
Nerve-supply. A branch from the fourth and fifth sacral nerves.
The Coccygei muscles raise and support the coccyx, after it has been
Action.
pressed backwards during defsecation or parturition.

interval

:

—

—

^

II. A.

Muscles and Fasciae of the Peein^um

Transversus

perinsei.

Accelerator urin^.

Fig. 334.

the Male

Erector penis.

Compressor

urethrge.

—

The superficial fascia of the perinseum consists
and deep, as in other regions of the body.

Superficial fascia.
layers, superficial

in

—The perinseum.

The integument and

of

two

superficial layer of

superficial fascia reflected.

The

superficial layer is thick, loose, areolar in texture,

and contains much

adipose tissue in its meshes, the amount of which varies in different subjects.
In front, it is continuous with the dartos of the scrotum behind, it is continuous
with the subcutaneous areolar tissue surrounding the anus and, on either side,
with the same fascia on the inner side of the thighs. This layer should be
carefully removed after it has been examined, when the deep layer will be
;

;

exposed.

The deep
structure,

layer of superficial fascia (Fascia of Colles)
of considerable strength, serving to bind

and

is thin,

aponeurotic in

down

the muscles of

)
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It is continuous, in front, with the clartos of the scrotum
the root of the penis.
on either side it is firmly attached to the margins of the rami of the os pubis
and ischium, external to the crus penis, and as far back as the tuberosity of the
ischium posteriorly, it curves down behind the Transversus perinaei muscles
This fascia not only covers
to join the lower margin of the deep perineal fascia.
the muscles in this region, but sends down a vertical septum from its under
surface, which separates the back part of the subjacent space into two, being incomplete in front.
;

;

Fig. 335.

— The muscles attached to the front of the pelvis.
in the

Museum

of the

(From a preparation

Eoyal CoUege of Surgeons of England.

Iff

C

Y"^-

^'

r^ci=i-\"^C

—

The central tendinous point of the Perinaeum. This is a fibrous point in the
middle line of the perinaeum, between the urethra and the rectum, being about
half an inch in front of the anus.
At this point four muscles converge and are
attached viz. the External sphincter ani, the Accelerator uringe, and the two
Transversus perinsei so that by the contraction of these muscles, which extend
:

;

in opposite directions,

The Transversus

it

serves as a fixed point of support.

perinsei is a

less transversely across the

narrow muscular

back part

slip,

which passes more or
It arises by a small

of the perineal space.
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of the tuberosity of the ischium, and, passing-

inserted into the central tendinous point of the perinaeum, joining in

is

this situation

with the muscle of the opposite

side, the

External sphincter ani

behind, and the Accelerator urinte in front.
Nerve-supply. The perineal branch of the internal pudic.

—
—By their contraction they serve

to j&x the central tendinous point
perinseum.
The Accelerator urinse {Ejaculator seminis, or Bidbo-cavernosus) is placed in
In consists
the middle line of the perinseum, immediately in front of the anus.
of two symmetrical halves, united along the median line by a tendinous raphe.
It arises from the central tendon of the perinaeum, and from the median raphe
From this point its fibres diverge like the plumes of a pen the most
in front.
posterior form a thin layer, which are lost on the anterior surface of the triangular
ligament; the middle fibres encircle the bulb and adjacent parts of the corpus

Actions.

of the

;

Fig. 336.

— The superficial muscles and vessels of the perinseum.

Ji

-U

Gi~eat aacro-seiatic Ugatneiii

.

SuperflciaC_perineal arleri
Superficial perineal nerve

Internal pudic nerve
Internal pudic artery

spongiosum, and join with the fibres of the opposite side, on the upper part of
the corpus spongiosum, in a strong aponeurosis the anterior fibres, the longest
and most distinct, spread out over the sides of the corpus cavernosum, to be
inserted partly into that body, anterior to the Erector penis, occasionally extending to the OS pubis partly terminating in a tendinous expansion, which covers
;

;

the dorsal vessels of the penis. The latter fibres are best seen by dividing the
muscle longitudinally, and dissecting it outwards from the surface of the urethra.
Action.
This muscle serves to empty the canal of the urethra, after the
bladder has expelled its contents during the greater part of the act of micturition
its fibres are relaxed, and it only comes into action at the end of the process.

—

;

The middle

fibres are supposed, by Krause, to assist in the erection of the corpus
spongiosum, by compressing the erectile tissue of the bulb. The anterior fibres,
according to Tyrrel, also contribute to the erection of the penis, as they are
inserted into, and continuous with, the fascia of the penis, compressing the dorsal
vein during the contraction of the muscle.
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The Erector penis {ischio-cavernosus) covers part of the crus penis. It is an
elongated muscle, broader in the middle than at either extremity, and situated
on either side of the lateral boundary of the perinseum. It arises by tendinous
and fleshy fibres from the inner surface of the tuberosity of the ischium, behind
the crus penis from the surface of the crus and from the acPjacent portion of the
ramus of the ischium. From these points fleshy fibres succeed, which end in an
aponeurosis which is inserted into the sides and under surface of the crus penis.
Nerve-supply. The perineal branch of the internal pudic.
Actions.
It compresses the crus penis, and retards the return of the blood
through the veins, and thus serves to maintain the organ erect.
Between the muscles just examined a triangular space exists, bounded
internally by the Accelerator urinae, externally by the Erector penis, and behind
by the Transversus perinaei. The floor of this space is formed by the triangular
ligament of the urethra (deep perineal fascia), and running from behind forwards
;

—

—

Fig.

;^^7.

;

—-Triangular ligament or deep perineal, fascia.
superficial layer

On

the

left side

the

has been removed.

Anterior layer of
deep perineal fascia removed,
shoiving.

Compressor urethrce
Internal pudic artery
Artery of the bulb
Cowpe7''s

in

it

gland

and nerve, and the transverse perineal
boundary of the space on the Transversus

are the superficial perineal vessels

artery coursing along the posterior
perinasi muscle.

The triangular ligament {Deep perineal

fascia)

is

stretched across the pubic
It consists of

arch, so as to close in the front part of the outlet of the pelvis.

two dense membranous laminae, which are united along their posterior borders,
but are separated in front by intervening structures. The superficial of these
two layers, the inferior layer of the triangular ligament, is triangular in shape,
about an inch and a half in depth, attached above, by its apex, to the under
surface of the symphysis pubis and subpubic ligament
and on each side to the
rami of the ischium and os pubis, beneath the crura penis. Its inferior margin,
or base, is directed towards the rectum, and connected to the central tendinous
point of the perinaeum.
It is continuous with the deep layer of the superficial fascia behind the Transversus perinaei muscle, and wdth a thin fascia
which covers the cutaneous surface of the Levator ani muscle {anal or ischio;

rectal fascia).
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This layer of the triangular ligament is perforated by the urethra, about an
inch below the symphysis pubis. The aperture is circular in form, and about
Above this is the aperture for the dorsal vein
three or four lines in diameter.
and, outside the latter, branches of the pudic nerve and artery
of the penis
;

pierce

it.

ligament is detached on
between it and the deep layer
the dorsal vein of the penis
the subpubic ligament above, close to the pubes
the membranous portion of the urethra, and the Compressor urethrse muscle
Cowper's glands and their ducts the pudic vessels and nerve the artery and
nerve of the bulb, and a plexus of veins.
The deep layer of the ligament {superior layer of the triangular ligament) is
derived from the obturator fascia and stretches across the pubic arch. If the
obturator fascia is traced inwards after covering the Obturator internus muscle,
it will be found to be attached by some of its deeper or anterior fibres to the inner
margin of the ischio-pubic ramus, while its superficial or posterior fibres pass
over this attachment to become the superior layer of the triangular ligament.
Behind, this layer of the fascia is continuous with the inferior layer and with the
fascia of CoUes, and in front it is separated from the apex of the prostate gland
through the intervention of a prolongation of the recto-vesical fascia.
It is
pierced by the urethra, or rather consists of two halves which are separated in
the middle line by the urethra passing between them.
The Compressor urethras {Constrictor urethrce) surrounds the whole length of
the membranous portion of the urethra, and is contained between the two layers
of the triangular ligament.
It arises, by aponeurotic fibres, from the upper part
of the descending ramus of the os pubis on each side, to the extent of half or threequarters of an inch each segment of the muscle passes inwards, and divides
into two fasciculi, which surround the urethra from the prostate gland behind, to
the bulbous portion of the urethra in front and unite, at the upper and lower
surfaces of this tube, with the muscle of the opposite side, by means of a tendinous
If this superficial or inferior layer of the triangular

either side, the following structures will be seen

:

;

;

;

;

;

:

;

raph6.

—

The muscles of both sides
membranous portion of the urethra.

Actions.

act together as a sphincter, compressing

During the transmission of fluids they,
the Acceleratores urinae, are relaxed, and only come into action at the end of
the process to eject the last of the fluid.
the

like

II. B.

Muscles of the Perineum

Transversus perinsei.
Sphincter vaginae.

in

the Female

Erector

(fig.

clitoridis.

Compressor

338)
f

urethrse.

The Transversus perinsei in the female is a narrow muscular slip, which passes
more or less transversely across the back part of the perineal space. It arises by
a small tendon from the inner and fore part of the tuberosity of the ischium, and,
passing inwards, is inserted into the central line of the perinaeum, joining in this
situation with the muscle of the opposite side, the External sphincter ani behind,
and the Sphincter vaginae in front.
Nerve-supply. The perineal branch of the internal pudic.
Actions.
By their contraction they serve to fix the central tendinous point of
the perinaeum.
The Sphincter vaginse surrounds the orifice of the vagina, and is analogous
to the Accelerator urinae in the male.
It is attached posteriorly to the central
tendinous point of the perineeum, where it blends with the External sphincter ani.
Its fibres pass forwards on each side of the vagina, to be inserted into the corpora
cavernosa of the clitoris, a fasciculus crossing over the body of the organ so as to
compress the dorsal vein.
Nerve-supply.^The perineal branch of the internal pudic.

—

—

HH

—
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—

diminishes the orifice of the vagina. The anterior fibres contribute
and are continuous with
compressing the dorsal vein during the contraction of
the fascia of the chtoris
the muscle.
The Erector clitoridis resembles the Erector penis in the male, but is smaller
than it. It covers the unattached part of the crus clitoridis. It is an elongated
muscle, broader at the middle than at either extremity, and situated on either
It arises by tendinous and fleshy
side of the lateral boundary of the perinseum.
fibres from the inner surface of the tuberosity of the ischium, behind the crus
clitoridis
from the surface of the crus and from the adjacent portion of the
ramus of the ischium. From these points fleshy fibres succeed, which end
in an aponeurosis, which is inserted into the sides and under surface of the crus
Actions.

It

to the erection of the clitoris, as they are inserted into
;

;

;

clitoridis.

Nerve-supply.

— The perineal branch of the internal pudic.
Fig. 338.

\.

— Muscles of the female perinteum.

-— ^^

o'-i

U

'Erector clitoridis

\

Sphincter vagince

\

-J

— Transversiis

2ierinceL

- Tuber ischii

Levator ani

—

Sphincter ani"

i\~~X::f5;

\

^$5>'~

Gluteus

—

maximus

It compresses the crus clitoridis and retards the return of blood
Actions.
through the veins, and thus serves to maintain the organ erect.
The triangular ligament {deep perineal fascia) in the female is not so strong
It is attached to the pubic arch, its apex being connected with
as in the male.
the symphysis pubis. It is divided in the middle line by the aperture of the
vagina, with the external coat of which it becomes blended, and in front of this
Its posterior border is continuous, as in the
is perforated by the urethra.
male, with the deep layer of the superficial fascia around the Transversus perinaei
muscle.
Like the triangular ligament in the male it consists of two layers, between
which are to be found the following structures the subpubic ligament above,
the dorsal vein of the clitoris, a portion of the lu^ethra and the Compressor
urethrge muscle, the glands of Bartholin and their ducts the pudic vessels and
the dorsal nerve of the clitoris the artery of the bulbi vestibuli, and a plexus of
:

;

;

veins.
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urethras {Constrictor urcthrce) arises on each side from the

descending ramus of the os pubis.

The fibres, passing inwards,
those of the fore part of the muscle are directed across the
subpubic arch in front of the urethra to blend with the muscular fibres of the
opposite side while those of the hinder and larger part pass inwards to blend
with the wall of the vagina behind the urethra.

margin

of the

divide into

two

sets

:

;

MUSCLES AND FASCIA OF THE UPPEE EXTEEMITY
The Muscles of the Upper Extremity are divisible into groups, corresponding
with the different regions of the limb.

Of the Thoracic Eegion

I.
1.

Anterior Thoracic Region

Pectoralis major.

Pectoralis minor.

Subclavius.
2.

Lateral Thoracic Begion
Serratus magnus.

Of the Shoulder and Arm

II.

9.

3.

Acromial Begion

Posterior Badio-Ulnar Begion

-TO.

^

Extensor communis digitorum.
Extensor minimi digiti.
c^ 3
®
^ Extensor carpi ulnaris.
^ ^Anconeus.
.

/

j

I

Deltoid.
4.

Supinator brevis.

Anterior Scapular Begion

p^

S

Subscapularis.

*—
I

5-

Posterior Scapular Begion

Supraspinatus
Infraspinatus.
6.

Anterior

Badial Begion

Supinator longus.
Extensor carpi radialis longior.
Extensor carpi radialis brevior.

,^

>^!_:]

j

Extensor ossis metacarpi^oUicis.
Extensor brevis pollicis.
Extensor longus pollicis.
Extensor indicis.

Teres minor.
Teres major.

Humeral Begion
Biceps.

Coraco-brachialis.

Brachialis anticus.

Abductor
Flexor

IV.

Op the Hand

11.

Badial Begion

pollicis.

ossis

ponens

Flexor brevis
7.

Posterior

Triceps.

Humeral Begion

Adductor

Of the Forearm

Pronator radii teres.
Flexor carpi radialis.
>^-l Palmaris longus.
55
^h^ Flexor carpi ulnaris.
'^
Flexor sublimis digitorum.
p^ ^ /Flexor profundus digitorum.
S >-.] Flexor longus pollicis.
Pronator quadratus.
r-H

3

^

pollicis.

Subanconeus.

Anterior Badio-Ulnar Begion

8.

(Op-

pollicis

pollicis.

12.

III.

metacarpi

pollicis).

fj,

^

i_:i

Ulnax Begion

Palmaris brevis.
Abductor minimi digiti.
Flexor brevis minimi digiti.
Flexor ossis metacarpi minimi
(Opponens minimi digiti).
13.

digiti

Palmar Begion

Lumbricales.
Interossei palmares.
Interossei dorsales.

k

Dissection of Pectoral Region and Axilla (fig. 339).— The arm being drawn away
from the side nearly at right angles with the trunk, and rotated outwards, make a vertical
incision through the integument in the median line of the chest, from the upper to the
lower part of the sternum a second incision along the lower border of the Pectoral
muscle, from the ensiform cartilage to the inner side of the axilla ; a third, from the
sternum along the clavicle, as far as its centre; and a fourth, from the middle of the
clavicle obhquely downwards, along the interspace between the Pectoral and Deltoid
muscles, as low as the fold of the armpit. The flap of integument is then to be dissected
off in the direction indicated in the figure, but not entirely removed, as it should be
replaced on completing the dissection. If a transverse incision is now made from the
;

H H

2

;
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lower end of the sternum to the side of the chest, as far as the posterior fold of the
armpit, and the integument reflected outwards, the axillary space will be more completel>
exposed.
I.

Muscles and Fascia of the Thokacic Eegion
Anterior Thoracic Begion

I.

Pectoralis minor.

Pectoralis major.

Subclavius.

The superficial fascia of the thoracic region is a loose cellulo-fibrous layer,
enclosing masses of fat in its spaces. It is continuous with the superficial fascia
of the neck and upper extremity above, and of the abdomen below.
Opposite
the mamma, it divides into two layers, one of which passes in front, the other
behind that gland and from both of these layers numerous septa pass into its
;

substance, supporting
Fig. 339.

its

various lobes

:

from the anterior

— Dissection of upper extremity.

SDisseetioii of

layer, fibrous processes
pass forwards to the integument
and nipple. These processes were
called by Sir A. Cooper the ligamenta suspensoria, from the support they afford to the gland in

this situation.

The deep

SHOULDER & ARM

region

is

fascia of the thoracic

a thin aponeurotic lamina,

covei'ing the surface of the great

Pectoral
muscle, and sending
numerous prolongations between
its

fasciculi

middle
/,

line,

sternum

Jiisscctloi) of

PECTORAL REGION

it

:

to

and,

;

is

attached, in the

the

front

above,

of

to

the
the

clavicle
externally and below it
becomes continuous with the fascia
over the shoulder, axilla, and
;

BZfiO'^/
of ElBOVJ

and.

thorax.
4^

.

FORE-ARM

It is

upper part

very thin over the

of the muscle, thicker

between the Pectomajor and Latissimus dorsi,
where it closes in the axillary
space, and divides at the outer
margin of the latter muscle into
two layers, one of which passes
in front, and the other behind it
in the interval

ralis

.if.

PALM qf HAND

these proceed as far as the spinous
processes of the dorsal vertebrae,
At
to which they are attached.
the lower part of the thoracic region
this fascia is well-developed,

and

is

continuous with the fibrous sheath of the

Eecti muscles.

The

Pectoralis major (fig. 340) is a broad, thick, triangular muscle, situated
upper and fore part of the chest, in front of the axilla. It arises from the
anterior surface of the sternal half of the clavicle from half the breadth of the
anterior surface of the sternum, as low down as the attachment of the cartilage
at the

;

of the sixth or

seventh rib; this portion of its origin consists of aponeurotic
of the opposite muscle
it also arises from the
cartilages of all the true ribs, with the exception, frequently, of the first, or of the
seventh, or both and from the aponeurosis of the External obhque muscle of the
abdomen. The fibres from this extensive origin converge towards its insertion,
giving to the muscle a radiated appearance.
Those fibres which arise from the
clavicle pass obliquely outwards and downwards, and are usually separated from
fibres,

which intersect with those
;

;
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those from the lower part of the sternum, and the
upwards and outwards whilst the middle
They all terminate in a flat tendon, about two inches
fibres pass horizontally.
broad, which is inserted into the anterior bicipital ridge of the humerus.
This
tendon consists of two laminae, placed one in front of the other, and usually
blended together below. The anterior, the thicker, receives the clavicular and
upper half of the sternal portion of the muscle and its fibres are inserted in the
same order as that in which they arise that is to say, the outermost fibres of
the rest by a cellular interval

:

cartilages of the lower true ribs, pass

;

;

;

Fig. 340.

— Muscles of the chest and front of the arm.

Superficial view.

from the clavicle are inserted at the uppermost part of the tendon the
from the sternum pass down to the lowermost part of this
anterior lamina of the tendon and extend as low as the tendon of the Deltoid and
join with it.
The posterior lamina of the tendon receives the attachment of the
lower half of the sternal portion and the deeper part of the muscle from the
costal cartilages.
These deep fibres, and particularly those from the lower
costal cartilages, ascend the higher, turning backwards successively behind the
The
superficial and upper ones, so that the tendon appears to be twisted.
origin

upper

;

fibres of origin
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humerus than the anterior one, and from
given off which covers the bicipital groove and blends with
the capsule of the shoulder-joint. From the deepest fibres of this lamina at its
insertion an expansion is given off which lines the bicipital groove of the
humerus, whilst from the lower border of the tendon a third expansion passes
downwards to the fascia of the arm.
Relations.
By its anterior surface, with the integument, the superficial fascia,
the Platysma, the mammary gland, and the deep fascia. 'By its 2)Osterior stirface
its thoracic i^rtion, with the sternum, the ribs and costal cartilages, the costocoracoid membrane, the Subclavius, Pectoralis minor, Serratus magnus, and the
Intercostals its axillary i^ortion forms the anterior wall of the axillary space,
and covers the axillary vessels and nerves, the Biceps and Coraco-brachialis
muscles. Its upper border lies parallel with the Deltoid, from which it is separated
by a slight interspace in which lie the cephalic vein and descending branch of
the acromial thoracic artery.
Its loiver border forms the anterior margin of the
axilla, being at first separated from the Latissimus dorsi by a considerable
interval
but both muscles gradually converge towards the outer part of the

posterior lamina reaches higher on the
it

an expansion

is

—

;

'

;

;

space.
Dissection.

— Detach the Pectoralis major by dividing the muscle along

its

attachment

to the clavicle, and by making a vertical incision through its substance a little external to
its line of attachment to the sternum and costal cartilages.
The muscle should then
be reflected outwards, and its tendon carefuUj' examined. The Pectoralis nainor is now
exposed, and immediately above it, in tlie interval between its upper border and the clavicle,

a strong fascia, the costo-coracoid

The

membrane.

membrane

is a strong fascia, placed between the clavicle
and the upper border of the Pectoralis minor muscle, which protects the axillary
vessels and nerves.
Above, it is attached to the anterior margin of the Subclavian
groove on the under surface of the clavicle, and is connected with a layer of
cervical fascia which overlies the Omo-hyoid muscle, and forms the posterior

costo-coracoid

it blends with the
attached also to the first
rib internal to the origin of the Subclavius muscle.
Externally, it is very thick
and dense, and is attached to the coracoid process. The portion extending from
its attachment to the first rib to the coracoid process is often whiter and denser
than the rest this is sometimes called the costo.-coracoid ligament. Below this,
it is thin, and at the upper border of the Pectoralis minor it splits into two layers
to invest the muscle
from the lower border of the Pectoralis minor it is continued downwards to join the axillary fascia, and outwards to join the fascia over
the short head of the Biceps.
The costo-coracoid membrane is pierced by the
cephalic vein, the acromial thoracic artery and vein, superior thoracic artery,

layer of the sheath of the Subclavius muscle.
fascia covering the first

Internally,

two intercostal spaces, and

is

;

;

and anterior thoracic nerves.
The Pectoralis minor (fig. 341) is a thin, flat, triangular muscle, situated at
the upper part of the thorax, beneath the Pectoralis major.
It arises by three
tendinous digitations, from the upper margin and outer surface of the third,
fourth, and fifth ribs, near their cartilages, and from the aponeurosis covering
the Intercostal muscles
the fibres pass upwards and outwards, and converge
to form a flat tendon, which is inserted into the inner border and upper surface
;

of the coracoid

process of the scapula.

—By

its anterior surface, with the Pectoralis major, and the superior
and nerves. By its posterior surface, with the ribs. Intercostal
muscles, Serratus magnus, the axillary space, and the axillary vessels and brachial
plexus of nerves. Its upper border is separated from the clavicle by a triangular
interval, broad internally, narrow externally, bounded in front by the costocoracoid membrane, and internally by the ribs. In this space are the first part
of the axillary vessels and nerves.

Eolations.

thoracic vessels

The

costo-coracoid

will be seen.

membrane should now be removed, when

the Subclavius muscle

;
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a long, thin, spindle-shaped muscle, placed in the interval

between the clavicle and the first rib. It arises by a short, thick tendon from
the first rib and its cartilage at then- junction, in front of the rhomboid ligament
the fleshy fibres proceed obliquely upwards and outwards, to be inserted into a
deep groove on the under surface of the middle third of the clavicle.
Relations.
By its upper surface, with the clavicle. By its under surface, it is
separated from the first rib by the subclavian vessels and brachial plexus of
Its anterior surface is separated from the Pectoralis major by the costonerves.
coracoid membrane, which, with the clavicle and a part of the cervical fascia,
forms an osseo-fibrous sheath in which the muscle is enclosed.

—

If the costal attachment of the Pectoralis minor is divided aci'oss, and the muscle
reflected outwards, the axillary vessels and nerves are brought fiilly into view, and should

be examined.
Fig. 341.

— Muscles of the chest and front of the arm, with the boundaries
of the axilla.

I
—

Nerves. The Pectoral muscles are supplied by the anterior thoracic nerves
the Pectorahs major through these nerves receives filaments from all the spinal
nerves entering into the formation of the brachial plexus the Pectoralis minor
receives its fibres from the seventh and eighth cervical and first dorsal nerves.
;

;

The Subclavius is supplied by a filament from the cord formed by the union of
the fifth and sixth cervical nerves.
Actions.
If the arm has been raised by the Deltoid, the Pectoralis major
will, conjointly with the Latissimus dorsi and Teres major, depress it to the side
of the chest.
If acting alone, it adducts and draws forwards the arm, bringing

—
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The
across the front of the chest, and at the same time rotates it inwards.
Pectorahs minor depresses the point of the shoulder, drawing the scapula downwards and inwards to the thorax, and throwing the inferior angle backwards.
The Subclavius depresses the shoulder, drawing the clavicle downwards and
When the arms are fixed, all three muscles act upon the ribs, drawing
forwards.
them upwards and expanding the chest, and thus becoming very important agents
Asthmatic patients always assume an attitude which fixes
in forced inspiration.
the shoulders, so that all these muscles may be brought into action to assist in
it

dilating the cavity of the chest.
2.

Lateral Thoracic Region
Serratus magnus.

The Serratus magnus (fig. 342) is a broad, thin, and irregularly quadrilateral
muscle, situated at the upper part and side of the chest. It consists of two
the upper one has the apex of the triangle
triangular or fan-shaped portions
attached to the first and second ribs, and
the base to the upper angle and vertebral
Serratus magnus.
(From a
Fig. 342.
preparation in the Musenna of the
border of the scapula the lower one has
Eoyal College of Surgeons of England.)
its apex behind, attached to the inferior
SLIP OFSETRR MAG TO IsrRig
angle of the scapula, and its base in front
connected with the ribs from the second
to the eighth.
It arises by nine fleshy
digitations from the outer surface and
iipper border of the eight upper ribs (the
second rib having two), and from the
aponeurosis covering the upper Intercostal
muscles, and is inserted into the whole
length of the anterior aspect of the posterior border of the scapula.
The upper
fan-shaped portion is attached to the fore
part of the outer surfaces of the first and
second ribs
its fibres spread out, the
upper ones forming a thick fasciculus,
which passes upwards and backwards, and
is attached to the triangular smooth surface on the anterior aspect of the superior
angle of the scapula the remaining fibres
proceed backwards and downwards to be
attached to the posterior border of the
scapula between the superior and inferior
angles.
The lower fan-shaped portion is
attached posteriorly by its apex to the
anterior surface of the inferior angle of the
scapula, partly by muscular, partly by
tendinous fibres it spreads out like a fan,
the upper fibres passing forwards and up^•EXT oBuqiais
wards, the lower horizontally forw^ards to
be inserted into the outer surface of the
fore part of the ribs from the second to
the eighth, by a series of muscular digit:

—

;

;

;

;

ations.

In

four lower of

the

intervals

these

between the

are received corre-

sponding processes of the External obhque.
Relations.— This muscle is covered, in front, by the Pectoral muscles behind,
by the Subscapularis
above, by the axillary vessels and nerves. Its deep
;

;

surface rests

upon the

ribs

and Intercostal muscles.
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—
—

Nerves. The Serratus magnus is supplied by the posterior thoracic nerve
is derived from the fifth, sixth and generally the seventh cervical nerves.
The Serratus magnus, as a whole, carries the scapula forwards,
Actions.
and at the same time raises the vertebral border of the bone. It is therefore
concerned in the action of pushing. Its lower and stronger fibres move forwards

which

the lower angle and assist the Trapezius in rotating the bone round an axis
through its centre, and thus assists this muscle in raising the acromion and
supporting weights upon the shoulder. It is also an assistant to the Deltoid in
raising the arm, inasmuch as during the action of this latter muscle it fixes the
scapula and so the glenoid cavity on which the head of the humerus rotates.
After the Deltoid has raised the arm to a right angle with the trunk, the Serratus
magnus and the Trapezius, by rotating the scapula, raise the arm into an almost
It is possible that when the shoulders are fixed the lower
vertical position.
fibres of the Serratus
is

magnus may

and everting the ribs
was fornierly believed to

assist in raising

not the important inspiratory muscle which

it

;

but

it

be.

—

Surgical Anatomy. When the muscle is paralj'sed, the vertebral border, and especially
the lower angle, leave the ribs and stand out prominently on the surface, giving a peculiar
winged appearance to the back. The patient is unable to raise the arm, and an attempt
to do so is foUowed by a further projection of the lower angle of the scapula from the back
of the thorax.
Dissection. After completing the dissection of the axilla, if the muscles of the back
have been dissected, the upper extremity should be separated from the trunk. Saw
through the clavicle at its centre, and then cut througla the muscles which connect the
scapula and arm with the trunk, viz. the Pectoralis minor in front, Serratus magnus at
the side, and the Levator anguli scapvQae, the Rhomboids, Trapezius, and Latissimus dorsi
behind. These muscles should be cleaned and traced to their respective insertions. Then
make an incision through the integument, commencing at the outer third of the clavicle,
and extending along the margin of that bone, the acromion process, and spine of the scapula;
the integument should be dissected from above downwards and outwards, when the fascia
covering the Deltoid is exposed (fig. 339, 3).
'

'

—

II.

I

Muscles and Fascia of the Shouldee and Abm

The superficial fascia of the upper extremity is a thin cellulo-fibrous layer,
containing the superficial veins and lymphatics, and the cutaneous nerves. It is
most distinct in front of the elbow, and contains very large superficial veins and
nerves in the hand it is hardly demonstrable, the integument being closely
adherent to the deep fascia by dense fibrous bands. Small subcutaneous bursse
are found in this fascia over the acromion, the olecranon, and the knuckles.
The
deep fascia of the upper extremity comprises the aponeurosis of the shoulder,
arm, and forearm, the anterior and posterior annular ligaments of the carpus, and
the palmar fascia.
These wiU be considered in the description of the muscles of
the several regions.
;

3.

Acromial Begion
Deltoid

The deep

fascia covering the Deltoid (deltoid aponeurosis) is a fibrous layer,

of the muscle, thick and strong behind, where it
continuous with the infraspinatus fascia, thinner over the rest of its extent.
In
It sends down numerous prolongations between the fasciculi of the muscle.
behind,
front, it is continuous with the fascia covering the great Pectoral muscle
vdth that covering the Infraspinatus above, it is attached to the clavicle, the
acromion, and spine of the scapula below, it is continuous with the deep fascia
of the arm.
The Deltoid (fig. 340) is a large, thick, triangular muscle, which gives the
rounded outline to the shoulder, and has received its name from its resemblance
to the Greek letter A reversed.
It surrounds the shoulder-joint in the greater
It arises
part of its extent, covering it on its outer side, and in front and behind.

which covers the outer surface
is

;

;

;
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from the outer third of the anterior border and upper surface of the clavicle
from the outer margin and upper surface of the acromion process and from the
lower lip of the posterior border of the spine of the scapula, as far back as the
;

;

Prom this extensive origin the fibres converge
its inner end.
towards their insertion, the middle passing vertically, the anterior obhquely
backwards, the posterior obliquely forwards they unite to form a thick tendon,
which is inserted into a rough prominence on the middle of the outer side of the
At its insertion the muscle gives off an expansion to the
shaft of the humerus.
deep fascia of the arm. This muscle is remarkably coarse in texture, and the
arrangement of its muscular fibres is somewhat peculiar the central portion of
the muscle that is to say, the part arising from the acromion process consists
of oblique fibres, which arise in a bipenniform manner from the sides of tendinous
intersections, generally four in number, which are attached above to the acromion
process and pass downwards parallel to one another in the substance of the
muscle. The oblique muscular fibres thus formed are inserted into similar
tendinous intersections, generally three in number, which pass upwards from the
insertion of the muscle into the humerus and alternate with the descending septaThe lateral portions of the muscle that is to say, the fibres arising from the
clavicle and spine of the scapula
are not arranged in this manner, but consist
of parallel fasciculi passing from their origin above, to be inserted into the margins

triangular surface at

;

;

—

—

—

—

of the inferior tendon.

—

By its superficial surface, with the integument, the superficial
Platysma, and supra-acromial nerves. Its cleei) surface is separated from

Eelations.
fascia,

the head of the humerus by a large sacculated synovial bursa, and covers the
coracoid process, coraco-acromial ligament, Pectoralis minor, Coraco-brachialis,
both heads of the Biceps, the tendon of the Pectoralis major, the insertions of
the Supraspinatus, Infraspinatus, and Teres minor, the scapular and external

and nerve, and the humerus. Its
separated at its upper part from the Pectoralis major by a
cellular interspace, which lodges the cephalic vein and descending branch of the
acromial thoracic artery lower down the two muscles are in close contact. Its
posterior harder rests on the Infraspinatus and Triceps muscles.
Nerves. The Deltoid is supplied by the fifth and sixth cervical through the
circumflex nerve.
heads

of the Triceps, the circumflex vessels

anterior border

is

:

—
Actions. — The Deltoid raises the arm directly from the

side, so as to

bring

it

with the trunk. Its anterior fibres, assisted by the Pectoralis
major, draw the arm forwards and its posterior fibres, aided by the Teres major
and Latissimus dorsi, draw it backwards.
at right angles

;

—

Stirgical Anatomy.
The Deltoid is very liable to atrophy, and when in this condition
simulates dislocation of the shoulder-joint, as there is flattening of the shoulder and
apparent prominence of the acromion process
upon examination, however, it will be
found that the relative position of the great tuberosity of the humerus to the acromion
and coracoid process is unchanged. Atrophy of the Deltoid may be due to disuse or loss
of trophic influence, either from injury to the circumflex nerve or cord lesions, as in
;

infantile paralysis.

—

Dissection. Divide the Deltoid across, near its upper part, by an incision carried along
the margin of the clavicle, the acromion process, and spine of the scapula, and reflect it
downwards the bursa will be seen on its under surface, as well as the circumflex vessels
and nerve.
:

4.

Anterior Scapular Begion
Subscapularis.

The subscapular fascia is a thin membrane attached to the entire circumference of the subscapular fossa, and affording attachment by its inner surface to
some of the fibres of the Subscapularis muscle when this is removed, the Subscapularis muscle is exposed.
:

The Subscapularis

(fig.

341)

is

a large triangular muscle,

which

fills

up the

;
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subscapular fossa, arising from its internal two -thirds, with the exception of a
narrow margin along the posterior border, and the surfaces at the superior and
inferior angles which afford attachment to the Serratus magnus
it also arises
from the lower two-thirds of the groove on the axillary border of the bone.
Some fibres arise from tendinous laminae, which intersect the muscle, and are
attached to ridges on the bone and others from an aponeurosis, which separates
the muscle from the Teres major and the long head of the Triceps.
The fibres
pass outwards, and, gradually converging, terminate in a tendon, which is inserted
into the lesser tuberosity of the humerus.
Those fibres which arise from the
axillary border of the scapula are inserted into the neck of the humerus to the
The tendon of the muscle is in close
extent of an inch below the tuberosity.
contact with the capsular ligament of the shoulder- joint, and glides over a large
bm'sa, which separates it from the base of the coracoid process.
This bursa
communicates with the cavity of the joint by an aperture in the capsular
:

;

ligament.

—

By its anterior surface with the Serratus magnus, Coracoand Biceps, the axillary vessels and brachial plexus of nerves, and the
subscapular vessels and nerves. By its jjosterior surface, with the scapula and
Relations.

-

brachialis,

the capsular ligament of the shoulder-joint.
the Teres major and Latissimus dorsi.

Its Imver harder is contiguous

with

—

Nerves. It is supplied by the fifth and sixth cervical nerves through the
upper and lower subscapular nerves.
Actions.
The Subscapularis rotates the head of the humerus inwards when
the arm is raised, it draws the humerus forwards and downwards.
It is a
powerful defence to the front of the shoulder- joint, preventing displacement of
the head of the bone forwards.

—

;

5.

Posterior Scapular Region

Supraspinatus.
Infraspinatus.

(fig.

343)

Teres minor.
Teres major.

—

Dissection. To expose these muscles, and to examine their mode of insertion into
the humerus, detach the Deltoid and Trapezius from their attachment to the spine of the
scapula and acromion process, Eemove the clavicle by dividing the ligaments connecting
it with the coracoid process, and separate it at its articulation with the scapula
divide the
acromion process near its root with a saw. Tlie fragments being removed, the tendons of
the posterior Scapular muscles will be fulh- exposed, and can be examined. A block should
be placed beneath the shoulder-joint, so as to make the muscles tense.
:

The supraspinous

and dense membranous layer, which comwhich the Supraspinatus muscle is contained
inner surface, to some of the fibres of the muscle.

fascia is a thick

pletes the osseo-fibrous case in

affording attachment,

by

its

but thinner externally under the coraco-acromial ligament.
When this fascia is removed, the Supraspinatus muscle is exposed.
The Supraspinatus muscle occupies the whole of the supraspinous fossa,
arising from its internal two-thirds, and from the strong fascia which covers its
surface.
The muscular fibres converge to a tendon, which passes across the
capsular ligament of the shoulder- joint, to which it is intimately adherent, and
is inserted into the highest of the three facets on the great tuberosity of the

It is thick internally,

humerus.

—

Relations.
By its upper surface, with the Trapezius, the clavicle, the
acromion, the coraco-acromial ligament, and the Deltoid. By its under surface,
with the scapula, the suprascapular vessels and nerve, and upper part of the
shoulder-joint.

The infraspinous fascia is a dense fibrous membra,ne, covering in the Infraspinatus muscle and attached to the circumference of the infraspinous fossa it
At the
affords attachment, by its inner surface, to some fibres of that muscle.
point where the Infraspinatus commences to be covered by the Deltoid, this
;
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two layers one layer passes over the Deltoid muscle, helping
form the Deltoid fascia already described; the other passes beneath the

fascia divides into
to

:

Deltoid to the shoulder-joint.
The Infraspinatus is a thick triangular muscle, which occupies the chief part
of the infraspinous fossa, arising by fleshy fibres from its internal two-thirds
;

and by tendinous fibres from the ridges on its surface: it also arises from a
strong fascia which covers it externally, and separates it from the Teres major
and minor. The fibres converge to a tendon, which glides over the external
border of the spine of the scapula, and, passing across the capsular ligament of
the shoulder- joint, is inserted into the middle facet on the great tuberosity of the
humerus. The tendon of this muscle is occasionally separated from the spine
of the scapula by a synovial bursa, which communicates with the synovial
cavity of the shoulder- joint.
Fig. 343.

— Muscles on the dorsum of the scapula and the Triceps.

—

Relations.
By its iMsterior surface, with the Deltoid, the Trapezius,
Latissimus dorsi, and the integument.
By its anterior surface, with the
scapula, from which it is separated by the suprascapular and dorsalis scapulae
vessels, and with the capsular ligament of the shoulder-joint.
Its loioer border
is in contact with the Teres minor, and occasionally united w-ith it, and with ^he
Teres major.
The Teres minor is a narrow, elongated muscle, which lies along the inferior
border of the scapula. It arises from the dorsal surface of the axillary border of
the scapula for the upper -two-thirds of its extent, and from two aponeurotic
laminae, one of which separates this muscle from the Infraspinatus, the other
from the Teres major
its fibres pass obliquely upwards and outwards, and
terminate in a tendon, which is inserted into the low^est of the three facets on
;
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the great tuberosity of the humerus, and, by fleshy fibres, into the humerus
immediately below it. The tendon of this muscle passes across the capsular
ligament of the shoulder-joint.
Relations.
By its posterior surface, with the Deltoid, and the integument.
By its anterior surface, wdth the scapula, the dorsal branch of the subscapular
artery, the long head of the Triceps, and the shoulder-joint. By its upper border,
with the Infraspinatus. By its loioer border, with the Teres major, from which
it is separated anteriorly by the long head of the Triceps.
The Teres major is a broad and somewhat flattened muscle, which arises
from the flat oval surface on the dorsal aspect of the inferior angle of the
scapula, and from the fibrous septa interposed between it and the Teres minor

—

the fibres are directed upwards and outwards, and terminate
two inches in length, which is inserted into the posterior
The tendon of this muscle, at its insertion into
bicipital ridge of the humerus.
the humerus, lies behind that of the Latissimus dorsi, from which it is separated
by a synovial bursa, the two tendons being, however, united along their lower

and Infraspinatus

;

in a flat tendon, about

borders for a short distance.
Relations.

—By

its

posterior surface, with the integument, from

which

it

is

and externally, by the long head
separated, internally, by the Latissimus dorsi
By its anterior surface, with the Subseapularis, Latissimus
of the Triceps.
;

short head of the Biceps, the axillary vessels, and
Its upper border is at first in relation with the Teres
brachial plexus of nerves.
minor, from which it is afterwards separated by the long head of the Triceps.
Its loicer border forms, in conjunction with the Latissimus dorsi, part of the
dorsi, Coraco-brachialis,

posterior boundary of the axilla.

Nerves.

—The Supra- and Infraspinatus muscles are supplied by the

sixth cervical nerves through the suprascapular nerve

fifth

and

the Teres minor, by the
and the Teres major, by the fifth and
fifth cervical, through the circumflex
sixth cervical, through the lower subscapular.
Actions.
The Supraspinatus assists the Deltoid in raising the arm from the
The Infraspinatus and
side, and fixes the head of the humerus in its socket.
Teres minor rotate the head of the humerus outwards when the arm is raised,
they assist in retaining it in that position and carrying it backwards. One of
the most important uses of these three muscles is the great protection they afford
;

;

—

:

Supraspinatus supporting it above, and preventing
displacement of the head of the humerus upwards, whilst the Infraspinatus and
Teres minor protect it behind, and prevent dislocation backwards. The Teres
major assists the Latissimus dorsi in drawing the humerus downwards and
backwards, when previously raised, and rotating it inwards when the arm is
fixed it may assist the Pectoral and Latissimus dorsi muscles in drawing the
trunk forwards.
to the shoulder- joint, the

;

6.

Anterior

Hmneral Begion

(fig.

Biceps.

Coraco-brachialis.

341)

Brachiahs anticus.

—

Dissection. The arm being placed on the table, with the front surface uppermost,
make a vertical incision through the integument along the middle line, from the outer
extremity of the anterior fold of the axilla, to about two inches below the elbow-joint,
where it should be joined by a transverse incision, extending from the uaner to the outer
tlie two flaps bemg reflected on either side, the fascia should be
side of the forearm
;

examined

(fig.

The deep
and front

339).

fascia of the

arm

is

continuous with that covering the shoulder

of the great Pectoral muscle,

to the clavicle, acromion,

and spine

by means

of

which

it

is

attached, above,

forms a thin, loose, memthe arm, sending down septa between

of the scapula

;

it

branous sheath investing the muscles of
them, and composed of fibres disposed in a circular or spiral direction, and
connected together by vertical and oblique fibres. It difi'ers in thickness at
different parts, being thin over the Biceps, but thicker where it covers the
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and over the condyles of the humerus it is strengthened by librous
aponeuroses, derived from the Pectoralis major and Latissimus dorsi on the
On either side it gives off a strong
inner side, and from the Deltoid externally.
intermuscular septum, which is attached to the condyloid ridge and condyle of
the humerus. These septa serve to separate the muscles of the anterior from
The external intermuscular septum
those of the posterior brachial region.
extends from the lower part of the anterior bicipital ridge, along the external
condyloid ridge, to the outer condyle it is blended with the tendon of the Deltoid,
gives attachment to the Triceps behind, to the Brachialis anticus. Supinator
longus, and Extensor carpi radialis longior, in front and is perforated by the
musculo-spiral nerve and superior profunda artery. The internal intermuscular
septimi, thicker than the preceding, extends from the lower part of the posterior
lip of the bicipital groove below the Teres major, along the internal condyloid
blended with the tendon of the Coracoit is
ridge to the inner condyle
brachialis, and affords attachment to the Triceps behind and the Brachialis
anticus in front. It is perforated by the alnar nerve and the inferior profunda
and anastomotic arteries. At the elbow, the deep fascia is attached to all the
prominent points round the joint, viz. the condyles of the humerus and the
olecranon process of the ulna, and is continuous with the deep fascia of the
forearm. Just below the middle of the arm, on its inner side, in front of the
internal intermuscular septum, is an oval opening in the deep fascia, which
On the removal
transmits the basilic vein and some lymphatic vessels.
of this fascia, the muscles, vessels, and nerves of the anterior humeral region
Triceps,

:

;

;

;

are exposed.

The

Coraco-brachialis, the smallest of the three muscles in this region,

^nd

is

by fleshy fibres from
the apex of the coracoid process, in common wdth the short head of the Biceps,
and from the intermuscular septum between the two muscles the fibres pass
downwards, backwards, and a little outwards, to be inserted by means of a flat
tendon into a rough ridge at the middle of the inner surface and internal border
of the shaft of the humerus between the origins of the Triceps and Brachialis
The inner border of
It is perforated by the musculo-cutaneous nerve.
anticus.
the muscle forms a guide to the position of the brachial artery in tying the
vessel in the upper part of its course.
Relations.
By its anterior surface, with the Pectoralis major above, and at
By its
its insertion with the brachial vessels and median nerve which cross it.
posterior surface, with the tendons of the Subscapularis, Latissimus dorsi, and
Teres major, the inner head of the Triceps, the humerus, and the anterior circumflex vessels. By its inner border, with the brachial artery and the median
and musculo-cutaneous nerves. By its outer border, with the short head of the
Biceps and Brachialis anticus.
The Biceps [Biceps flexor cubiti) is a long fusiform muscle, occupying the
whole of the anterior surface of the arm, and divided above into two portions or
heads, from which circumstance it has received its name. The short head arises
by a thick flattened tendon from the apex of the coracoid process, in common
with the Coraco-brachialis. The long head arises from the supraglenoid tubercle
on the upper margin of the glenoid cavity, by a long rounded tendon, which is
continuous with the glenoid ligament. This tendon arches over the head of the
humerus, being enclosed in a special sheath of the synovial membrane of the
shoulder- joint it then passes through an opening in the capsular ligament at its
attachment to the humerus, and descends in the bicipital groove, in which it is
retained by a fibrous prolongation from the tendon of the Pectoralis major.
The fibres from this tendon form a rounded belly, and, about the middle of the
arm, join with the portion of the muscle derived from the short head. The
belly of the muscle, narrow and somewhat flattened, terminates above the elbow
in a flattened tendon, which is inserted into the back part of the tuberosity of
the radius, a synovial bursa being interposed between the tendon and the front
situated at the upper

inner part of the arm.

It arises

;

—

;
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The tendon of the muscle is thin and broad
as it
it becomes narrow and twisted upon itself, so that its
becomes external and is applied to the tuberosity of the radius

the tuberosity.

of

;

approaches the radius
anterior surface

opposite the bend of the elbow the tendon gives off, from its
at its insertion
inner side, a broad aponeurosis, the hicipital fascia {seinilunar fascia), which
passes obliquely downwards and inwards across the brachial artery, and is
continuous with the deep fascia of the forearm (fig. 340). The inner border of
this muscle forms a guide to the position of the vessel, in tying the brachial
:

artery in the middle of the arm.*

—

Eelations.
Its anterior surface is overlapped above by the Pectoralis major
and Deltoid in the rest of its extent it is covered by the superficial and deep
Its posterior surface rests above on the shoulderfasciae and the integument.
below it rests on the Brachialis anticus,
joint and upper part of the humerus
with the musculo-cutaneous' nerve intervening between the two, and on the
;

;

Supinator brevis. Its inner horder is in relation with the Coraco-brachialis, the
brachial vessels, and median nerve
its outer horder, with the Deltoid and
;

Supinator longus.

The Brachialis anticus is a broad muscle, which covers the elbow-joint and
the lower half of the front of the humerus. It is somewhat compressed from
before backwards, and is broader in the middle than at either extremity. It arises
from the lower half of the outer and inner surfaces of the shaft of the humerus
and commences above at the insertion of the Deltoid, which it embraces by two
;

angular processes. Its origin extends below, to within an inch of the margin of
the articular surface, and is limited on each side by the external and internal
borders of the shaft of the humerus. It also arises from the intermuscular septa
on each side, but more extensively from the inner than the outer, from which it
is separated below by the Supinator longus and Extensor carpi radialis longior.
Its fibres converge to a thick tendon, which is inserted into a rough depression
on the anterior surface of the coronoid process of the ulna, being received into an
interval between two fleshy slips of the Plexor digitorum profundus.
Relations.
By its anterior surface, with the Biceps, the brachial vessels,
musculo-cutaneous, and median nerves.
By its posterior surface, with the
humerus and front of the elbow-joint. By its inner horder, with the Triceps,
ulnar nerve, and Pronator radii teres, from which it is separated by the intermuscular septum. By its outer horder, with the musculo-spiral nerve, radial
recurrent artery, the Supinator longus, and Extensor carpi radialis longior.
Nerves. The muscles of this group are supplied by the musculo-cutaneous
nerve.
The Brachialis anticus usually receives an additional filament from the
musculo-spiral.
The Coraco-brachialis receives its supply primarily from the
seventh cervical, the Biceps and Brachialis anticus from the fifth and sixth

—

—

cervical nerves.

—

The Coraco-brachialis draws the humerus forwards and inwards,
same time assists in elevating it towards the scapula. The Biceps is
a flexor of the forearm it is also a supinator, and serves to render tense the deep
fascia of the forearm by means of the broad aponeurosis given off from its
tendon. The Brachialis anticus is a flexor of the forearm, and forms an
Actions.

and

at the

:

important defence to the elbow-joint.

and Brachialis anticus

flex the

When

arm upon

the forearm

the forearm, as

the Biceps
seen in efforts of

is fixed,
is

climbing.
* A third head to the Biceps is occasionally found (Theile says as often as once in
eight or nine subjects), arising at the upper and inner part of the Brachialis anticus, with
the fibres of which it is continuous, and inserted into the bicipital fascia and inner side of
the tendon of the Biceps. In most cases this additional slip passes behind the brachial
artery in its course down the arm. Occasionally the third head consists of two slips,
which pass down, one in front, the other behind the artery, concealing the vessel in the
lower half of the arm.
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7.

Posterior

Humeral Begion
Subanconeus.

Triceps.

The Triceps {Triceps extensor cubiti)
343) is situated on the back of the
arm, extending the entire length of the posterior surface of the humerus. It is
hence its name. These three
of large size, and divided above into three parts
portions have been named (i) the middle, scapular, or longhead
(2) the external,
(fig.

:

;

the internal, or short humeral head.
The middle or scapular head arises, by a flattened tendon, from a rough
triangular depression on the scapula, immediately below the glenoid cavity,
being blended at its upper part with the capsular ligament the muscular fibres
or long humeral

;

and

(3)

;

pass downwards between the two other portions of the muscle, and join with
them in the common tendon of insertion.
The external head arises from the posterior surface of the shaft of the
humerus, between the insertion of the Teres minor and the upper part of the
from the external border of the humerus and the
musculo-spiral groove
the fibres from this origin converge towards the
external intermuscular septum
;

:

common tendon

of insertion.

The internal head arises from the posterior surface of the shaft of the
humervis, below the groove for the musculo-spiral nerve commencing above,
narrow and pointed, below the insertion of the Teres major, and extending to
:

within an inch of the trochlear surface it also arises from the internal border of
the humerus and from the back of the whole length of the internal and lower
The fibres of this portion of the muscle
part of the external intermuscular septa.
are directed, some downwards to the olecranon, whilst others converge to the
:

common tendon

of insertion.

of the Triceps commences about the middle of the back
it consists of two aponeurotic laminae, one of which is subpart of the muscle
cutaneous and covers the posterior surface of the muscle for the lower half of its

The common tendon
:

extent the other is more deeply seated in the substance of the muscle after
receiving the attachment of the muscular fibres, they join together above the
elbow, and are inserted, for the most part, into the back part of the upper surface
;

;

a band of fibres is, however, continued downwards, on
of the olecranon process
the outer side, over the Anconeus, to blend with the deep fascia of the forearm.
A small bursa, occasionally multilocular, is situated on the front part of this
surface, beneath the tendon.
The long head of the Triceps descends between the Teres minor and Teres
;

major, dividing the triangular space between these two muscles and the humerus
into two smaller spaces, one triangular, the other quadrangular (fig. 343).
The
triangular space contains the dorsalis scapulae vessels
it is bounded by the
;

Teres minor above, the Teres major below, and the scapular head of the Triceps
externally the quadrangular space transmits the posterior circumflex vessels
and the circumflex nerve it is bounded by the Teres minor above, the Teres
major below, the scapular head of the Triceps internally, and the humerus
:

;

externally.

Relations.

extent

it

is

— By

its

posterior surface, with the Deltoid above
in the rest of its
By its anterior surface, with the humerus, musculo:

subcutaneous.

spiral nerve, superior profunda vessels, and back part of the elbow- joint.
Its
middle or long head is in relation, behind, with the Deltoid and Teres minor in
front, with the Subscapularis, Latissimus dorsi, and Teres major.
The Subanconeus is a name given to a few fibres from the under surface of
the lower part of the Triceps muscle, which are inserted into the posterior
ligament of the elbow- joint. By some authors it is regarded as the analogue of
the Subcrureus in the lower limb, but it is not a separate muscle.
Nerves. The Triceps is supplied by the seventh and eighth cervical nerves
through the musculo-spiral nerve.
;

—

;
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the great extensor muscle of the forearm, serving,
extend the elbow-joint. It is the direct antagonist

is

flexed, to

is

Biceps and Brachialis anticus. When the arm is extended, the long head
muscle may assist the Teres major and Latissimus dorsi in drawing the
humerus backwards and in adducting it to the thorax. The long head of the
Triceps protects the under part of the shoulder- joint, and prevents displacement
of the head of the humerus downwards and backwards. The Subanconeus draws
up the posterior ligament during extension of the forearm.
of the

of the

—

Surgical Anatomy. The existence of the band of fibres from the Triceps to the fascia
is of importance in excision of tlie elbow, and should always be carefully
preserved from injury by the operator, as by means of tliese fibres the patient is enabled
to extend the forearm, a movement which would otherwise mainly be accomplished by
gravity, that is to saj^ by allowing the forearm to drop from its own weight.
of the forearm

III.

Muscles and Fascia of the Foreaem

—

Dissection.
To dissect the forearm, place the limb in the position indicated in fig. 339,
a vertical incision along the middle line from the elbow to the wrist, and a transverse
the superficial structures being removed, the deep fascia
incision at the extremity' of this
of the forearm is exposed.

make

;

The deep fascia of the forearm, continuous above with that enclosing the arm',
a dense, highly glistening aponeurotic investment, which forms a general
sheath enclosing the muscles in this region; it is attached, behind, to the

is

olecranon and posterior border of the ulna, and gives off from its inner surface
numerous intermuscular septa, which enclose each muscle separately. Below,
it is continuous in front with the anterior annular ligament, and forms a sheath
for the tendon of the Palmaris longus muscle, which passes over the annular
ligament to be inserted into the palmar fascia. Behind, near the wrist-joint, it
becomes much thickened by the addition of many transverse fibres, and forms
It consists of circular and oblique fibres,
the posterior annular ligament.
connected together by numerous vertical fibres. It is much thicker on the dorsal
than on the palmar surface, and at the lower than at the upper part of the forearm, and is strengthened by tendinous fibres derived from the Brachialis anticus
and Biceps in front, and from the Triceps behind. Its inner surface gives origin
to muscular fibres, especially at the upper part of the inner and outer sides of
the forearm, and forms the boundaries of a series of conical-shaped cavities, in
which the muscles are contained. Besides the vertical septa separating each
muscle, transverse septa are given off both on the anterior and posterior surfaces
the forearm, separating the deep from the superficial layer of muscles.
apertures exist in the fascia for the passage of vessels and nerves
one of these, of large size, situated at the front of the elbow, serves for the
of

Numerous

passage of a communicating branch between the superficial and deep veins.
The muscles of the forearm may be subdivided into groups corresponding to
the region they occupy.
One group occupies the inner and anterior aspect of
the forearm, and comprises the Flexor and Pronator muscles. Another group
occupies its outer side
and a third its posterior aspect. The two latter groups
include all the Extensor and Supinator muscles.
;

8.

Anterior Badio-Ulnar Region

The muscles in this region are divided
two groups or layers, superficial and deep.

for

convenience of description into

Superficial layer

Flexor carpi ulnaris.
Pronator radii teres.
Flexor sublimis digitorum.
Flexor carpi radialis.
Palmaris longus.

II
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These muscles take origin from the internal condyle

common

of the

humerus by a

tendon.

radii teres arises by two heads.
One, the larger and more
from the humerus, immediately above the internal condyle,
and from the tendon common to the origin of the other muscles also from the
fascia of the forearm, and intermuscular septum between it and the Flexor carpi
The other head is a thin fasciculus, which arises from the inner side
radialis.
of the coronoid process of the ulna, joining the preceding at an acute angle.
Between the two heads passes the median nerve. The muscle passes obliquely
across the forearm from the inner to the outer side, and terminates in a flat
tendon, w^hich turns over the outer margin of the radius, and is inserted into
a rough impression at the middle of the outer surface of the shaft of that bone.
Relations.
By its anterior surface throughout the greater part of its extent
with the deep fascia at its insertion it is crossed by the radial vessels and nerve
and covered by the Supinator longus. By its jMsterior surface, with the Brachialis
the
anticus. Flexor sublimis digitorum, the median nerve, and ulnar artery
Its
small, or deep, head being interposed between the two latter structures.
outer horcler forms the inner boiindary of a triangular space, in which is placed
the brachial artery, median nerve, and tendon of the Biceps muscle. Its inner
border is in contact with the Flexor carpi radialis.

The Pronator

superficial, arises

;

—

;

:

on

—

This muscle, when suddenly brought into very active use, as in the
tennis, is apt to be strained, producing slight swelling, tenderness, and pain
putting the muscle into action. This is known as lawn-temiis arm.'

Surgical Anatomy.

game

of

lawn

'

The Flexor

It
carpi radialis lies on the inner side of the preceding muscle.
from the internal condyle by the common tendon, from the fascia of the
forearm, and from the intermuscular septa between it and the Pronator radii teres,
on the outside the Palmaris longus, internally
and the Flexor sublimis
digitorum, beneath.
Slender and aponeurotic in structure at its commencement,
it increases in size, and terminates in a tendon, which forms the lower twothirds of its length.
This tendon passes through a canal on the outer side of the
annular ligament, runs through a groove in the os trapezium (which is converted
into a canal by a fibrous sheath, and lined by a synovial membrane), and is inserted into the base of the metacarpal bone of the index finger, and by a slip into
the base of the metacarpal bone of the middle finger. The radial artery lies
between the tendon of this muscle and the Supinator longus, and may easily be

arises

;

;

tied in this situation.

Relations.

By
and

its deej)

— By

wrist- joint.

vessels.

its superficial surface,

w4th the deep fascia and the integument.

surface, with the Flexor sublimis digitorum. Flexor longus pollicis,

By

its

By its obiter border, with the Pronator radii teres and the radial
inner border, with the Palmaris longus above, and the median

nerve below.
The Palmaris longus is a slender, fusiform muscle, lying on the inner side of
the preceding. It arises from the inner condyle of the humerus by the common
tendon, from the deep fascia, and the intermuscular septa between it and the
adjacent muscles. It terminates in a slender, flattened tendon, which passes over
the annular ligament, to end in the palmar fascia, frequently sending a tendinous
slip to the short muscles of the thumb.
This muscle is often absent.
Relations. By its superficial surface, with the deep fascia.
By its deep
stirface, with the Flexor sublimis digitorum.
Internally, w^ith the Flexor carpi
ulnaris.
Externally, with the Flexor carpi radialis.
The median nerve lies
close to the tendon, just above the wrist, on its inner and posterior side.
The Flexor carpi ulnaris lies along the ulnar side of the forearm. It arises
by two heads, connected by a tendinous arch, beneath which pass the ulnar nerve
and posterior ulnar recurrent artery. One head arises from the inner condyle of
the humerus by the common tendon the other from the inner margin of the
olecranon and from the upper two-thirds of the posterior border of the ulna by

—

;
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an aponeurosis, common to it and the Extensor carpi ulnaris and Plexor profundus digitorum and from the intermuscular septum between it and the Flexor
The fibres terminate in a tendon, which occupies the anterior
sublimis digitorum.
part of the lower half of the muscle, and is inserted into the pisiform bone, and
is prolonged from this to the fifth metacarpal and unciform bones, by the pisometacarpal and piso-uncinate ligaments it is also attached by a few fibres to
The ulnar artery lies on
the annular ligament.
Fig. 344. —Front of the left forethe outer side of the tendon of this muscle, in
arm. Superficial muscles.
the tendon
the lower two-thirds of the forearm
forming a guide in tying the vessel in this situa;

:

;

tion.

Relations.

—By

its

superficial

surface, with

the deep fascia, with which it is intimately conBy its clec}:)
nected for a considerable extent.

with the Flexor sublimis digitorum, the
Flexor profundus digitorum, the Pronator quadBy its
ratus, and the ulnar vessels and nerve.
outer or radial border, with the Palmaris longus
above, and the ulnar vessels and nerve below.
The Flexor sublimis digitorum {perforatus) is
placed beneath the preceding muscles, which
therefore must be removed in order to bring its
attachment into view. It is the largest of the
muscles of the superficial layer, and arises by
One head arises from the internal
three heads.
condyle of the humerus by the common tendon,
from the internal lateral ligament of the elbowjoint, and from the intermuscular septum comThe
mon to it and the preceding muscles.
second head arises from the inner side of the
coronoid process of the ulna, above the ulnar

surface,

origin of the Pronator radii teres

The

head

(fig.

211, p. 239).

from the oblique line of
the radius, extending from the tubercle to the
insertion of the Pronator radii teres.
The fibres
pass vertically downwards, forming a broad and
thick muscle, which speedily divides into two
planes of muscular fibres, superficial and deep
the superficial plane divides into two parts which
end in teiidons for the middle and ring fingers
the deep plane also divides into two parts, which
end in tendons for the index and little fingers,
but previously to having done so, it gives off a
muscular slip, which joins that part of the superficial plane which is intended for the ring finger.
As the four tendons thus formed pass beneath
third

arises

:

;

the annular ligament into the palm of the hand,
they are arranged in pairs, the superficial pair

corresponding to the middle and ring fingers,
the deep pair to the index and little fingers.

The tendons diverge from one another as they
pass onwards. Opposite the bases of the first phalanges each tendon divides
into two slips, to allow of the passage of the corresponding tendon of the Flexor
profundus digitorum the two portions of the tendon then unite and form a
grooved channel for the reception of the accompanying deep flexor tendon.
Finally they subdivide a second time, to be inserted into the sides of the second
phalanges about their middle. After leaving the palm, these tendons accompanied
;

112
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Fig. 345.

—Front of the

left

forearm.

Deep muscles.

by the deep flexor tendons

lie

in osseo-aponeurotic canals
(fig. 345).
These canals are
formed by strong fibrous
bands, which arch across the
tendons, and are attached on
each side to the margins of

the phalanges. Opposite the
middle of the proximal and
second phalanges the sheath
is very strong, and the fibres
pass transversely but oppo;

the joints it is much
thinner, and the fibres pass
site

Each sheath

obliquely.

is

by a synovial membrane, which is reflected on
lined

the contained tendon.
Relations.
In the

—

fore-

arm, by its superficial surface,
with the deep fascia and all
the
preceding
superficial
muscles by its deep surface,
with the Flexor profundus
digitorum.
Flexor
longus
;

and
median nerve.

poUicis, the ulnar vessels

nerve, and the

In the hand,

its

tendons are

in relation, in front, with the

palmar
fascia,
superficial
palmar arch, and the branches
of the median nerve
behind,
with the tendons of the deep
Flexor and the Lumbricales.
;

Deep Layer
Flexor profundus digitorum.
Flexor longus pollicis.
Pronator quadratus.

—Divide

Dissection.
the superficial
centre,

and

tiu-n

each of
muscles at its
either end aside;

the deep layer of muscles, together with the median nerve
and ulnar vessels, will then be
exposed.

The
digitorum

Flexor

profundus

(perforans)

(fig.

345) is situated on the ulnar
side of the forearm, immediately beneath the superficial
It arises from the
upper three-fourths of the
anterior and inner surfaces
of the shaft of the ulna, em-

Flexors.

bracing the insertion of the
Brachialis anticus above, and
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extending, l^elow, to within a short distance of the Pronator quadratus.
arises from a depression on the inner side of the coronoid process

It also
;

by an

aponeurosis from the upper three-fourths of the posterior border of the uhra, in
common with the Flexor and Extensor carpi ulnaris and from the ulnar half of
The fibres form a fleshy belly of considerable size,
the interosseous membrane.
which divides into four tendons these pass under the annular ligament beneath
the tendons of the Plexor sublimis digitorum.
Opposite the first phalanges, the
tendons pass between the two slips of the tendons of the Plexor sublimis digitorum,
and are finally inserted into the bases of the last phalanges. The tendon of the
index finger is distinct
the rest are connected together by cellular tissue and
tendinous slips, as far as the palm of the hand. The tendons of this and those
of the Flexor sublimis digitorum, whilst contained in the osseo-aponeurotic canals
of the fingers, are invested in a synovial sheath, and are connected to each other,
and to the phalanges, by slender, tendinous filaments, called vincula accessoria
tendinum.
One of these connects the deep tendon to the bone, before it passes
through the superficial tendon
a second connects the two tendons together,
after the deep tendons have passed through
and a third connects the deep
tendon to the head of the second phalanx. This last consists largely of yellow
elastic tissue, and may assist in drawing down the tendon after flexion of the
;

:

;

;

;

finger.*

Pour small muscles, the Lumbricales, are connected with the tendons of the
Flexor profundus in the palm.
They will be described with the muscles in that
region.

—

Relations.
By its superficial surface, in the forearm, with the Flexor sublimis
digitorum, the Plexor carpi ulnaris, the ulnar vessels and nerve, and the median

nerve

;

and

in the hand, with the tendons of the superficial Plexor.

By

its

deep

membrane^ the Pronator
Adductores pollicis, and deep

surface, in the forearm, with the ulna, the interosseous

quadratus and in the hand, with the Interossei,
palmar arch. By its ulnar harder, with the Flexor carpi ulnaris. By its radial
herder, with the Plexor longus pollicis, the anterior interosseous vessels and nerve
;

being interposed.
The Flexor longus pollicis is situated on the radial side of the forearm, lying
on the same plane as the preceding. It arises from the grooved anterior surface
of the shaft of the radius
commencing, above, immediately below the tuberosity
and oblique line, and extending, below, to within a short distance of the Pronator
quadratus. It also arises from the adjacent part of the interosseous membrane,
and generally by a fleshy slip from the base of the coronoid process. The fibres
pass downwards, and terminate in a flattened tendon, which passes beneath the
annular ligament, is then lodged in the interspace between the outer head of the
:

Flexor brevis pollicis and the Adductor obliquus pollicis, and, entering an osseoaponeurotic canal similar to those for the other flexor tendons, is inserted into
the base of the last phalanx of the thumb.
Relations.
By its superficial surface, with the Flexor sublimis digitorum.
Flexor carpi radialis. Supinator longus, and radial vessels. By its deep surface,
with the radius, interosseous membrane, and Pronator quadratus. By its ulnar
harder, with the Flexor profundus digitorum, from which it is separated by the

—

anterior interosseous vessels

The Pronator quadratus

and nerve.
is

a small,

flat,

quadrilateral muscle, extending trans-

and ulna, above their carpal extremities.
It arises from the oblique or pronator ridge on the lower part of the anterior
surface of the shaft of the uhia
from the lower fourth of the anterior surface,
and the anterior border of the ulna and from a strong aponeurosis which covers

versely across the front of the radius

;

;

muscle. The fibres pass horizontally outwards, to be
inserted into the lower fourth of the anterior surface and anterior border of the
shaft of the radius.
Relations.
By its superficial surface, with the Flexor profundus digitorum,

the inner third of the

—

*

Marshall, Brit,

and For. Med.-Chir.

Bev., 1853.
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the Plexor longus pollicis, Flexor carpi radialis, and the radial vessels. By its
deep surface, with the radius, ulna, and interosseous membrane.
Nerves. All the muscles of the superficial layer are supplied by the median
The
nerve, excepting the Flexor carpi ulnaris, which is supplied by the ulnar.
Pronator radii teres and the Flexor carpi radiahs derive their supply primarily
from the sixth cervical the Palmaris longus from the eighth cervical the Flexor
sublimis digitorum from the seventh and eighth cervical and first dorsal, and
Of the
the Flexor carpi ulnaris from the eighth cervical and first dorsal nerves.
deep layer, the Flexor profundus digitorum is supphed by the eighth cervical and

—

;

;

dorsal through the ulnar and anterior interosseous branch of the median.
The remaining two muscles. Flexor longus pollicis and Pronator quadratus, are

first

by the eighth cervical and first dorsal through the anterior interosseous branch of the median.
These muscles act upon the forearm, the wrist, and hand. The
Actions.
Pronator radii teres helps to rotate the radius upon the ulna, rendering the hand
prone when the radius is fixed, it assists the other muscles in flexing the
The Flexor carpi radialis is one of the flexors of the wrist; when
forearm.
It can also assist
acting alone, it flexes the WT.'ist, inclining it to the radial side.
in pronating the forearm and hand, and, by continuing its action, in bending the
elbow. The Flexor carpi ulnaris is one of the flexors of the wrist when acting
and by continuing to
alone, it flexes the wrist, inclining it to the ulnar side
The Palmaris longus is a tensor of the palmar
contract, it bends the elbow.
The Flexor sublimis
It also assists in flexing the wrist and elbow.
fascia.
digitorum flexes first the middle, and then the proximal phalanx. It assists in
The Flexor profundus digitorum is one of the
flexing the wrist and elbow.
After the Flexor sublimis has bent the second phalanx,
flexors of the phalanges.
the Flexor profundus flexes the terminal one but it cannot do so until after the
also supplied

—

;

;

;

;

The
It also assists in flexing the wrist.
contraction of the superficial muscle.
Flexor longus pollicis is a flexor of the phalanges of the thumb. When the
thumb is fixed, it also assists in flexing the wrist. The Pronator quadratus helps
to rotate the radius

upon the

9.

ulna, rendering the

hand prone.

Radial Eegion

346)

(fig.

Extensor carpi radialis longior.
Extensor carpi radialis brevior.

Supinator longus.

—

Dissection. Divide the integument in the same manner as in the dissection of the
anterior brachial region and, after having examined the cutaneons vessels and nerves
and deep fascia, remove all tliese structures. The muscles will then be exposed. The
removal of the fascia will be considerably facilitated by detaching it from below upwards. Great care should be taken to avoid cutting across the tendons of the muscles
of the thumb, which cross obliquely the larger tendons running down the back of the
radius.
;

The Supinator longus

(brachio-radialis) is the

radial side of the forearm

:

it

is

most

superficial

muscle on the

fleshy for the upper two-thirds of

its

extent,

tendinous below. It arises from the upper two-thirds of the external condyloid
ridge of the humerus, and from the external intermuscular septum, being limited
above by the musculo-spiral groove. The fibres terminate above the middle of
the forearm in a flat tendon, which is inserted into the outer side of the base of
the styloid process of the radius.
Relations.
By its superficial surface, with the integument and fascia for the
greater part of its extent near its insertion it is crossed by the Extensor ossis
metacarpi pollicis and the Extensor brevis pollicis. By its deep surface, with
the humerus, the Extensor carpi radialis longior and brevior, the insertion of the
Pronator radii teres, and the Supinator brevis. By its inner border, above the
elbow, with the Brachialis anticus, the musculo-spiral nerve, and radial recurrent
artery and in the forearm with the radial vessels and nerve.

—

;

;

EADIAL EEGION
The Extensor

carpi

radialis

placed partly beneath
the precedmg muscle.
It arises
from the lower third of the external
condyloid ridge of the humerus,
from the external intermuscular
septum, and by a few fibres from
the common tendon of origin of the
extensor muscles of the forearm.
The fibres terminate at the upper
third of the forearm in a flat tendon, which run§ along the outer
border of the radius, beneath the
extensor tendons of the thumb it
then passes through a groove common to it and the Extensor carpi
longior

is

;

immediately behind the styloid process, and is
inserted into the base of the metacarpal bone of the index finger, on

radialis brevior,

its

radial side.

Relations.

—By

superficial

its

surface, with the Supinator longus,

and fascia of the forearm.

Its outer

by the
the thumb.

side is crossed obliquely

ex-

By
tensor tendons of
its deep surface, with the elbowjoint, the Extensor carpi radialis
brevior, and back part of the -srast.
The Extensor carpi radialis
brevior

is

shorter, as its

name im-

and thicker than the preceding muscle, beneath which it is
placed. It arises from the external
condyle of the humerus, by a tendon common to it and the three
from the exfollowing muscles

plies,

:

ternal lateral ligament of the elbow-

from a strong aponeurosis
which covers its surface and from
the intermuscular septa between
The
it and the adjacent muscles.
joint

;

;

about the middle
forearm in a flat tendon,
which is closely connected with
that of the preceding muscle, and
accompanies it to the wrist, lying
in the same groove on the posterior
it passes
surface of the radius
beneath the extensor tendons of
the thumb, then beneath
the
annular ligament, and, diverging
fibres terminate
of the

;

somewhat from

its

fellow,

is

in-

serted into the base of the meta-

carpal bone of the middle finger,

on

its

radial side.

The tendons

of the

two preced-

FiG. 346.
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of the forearm.
Superficial muscles.
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ing muscles pass through the same compartment of the annular ligament, and
are lubricated by a single synovial membrane, but are separated from each other
by a small vertical ridge of bone as they lie in the groove at the back of the
radius.

—

Relations.
By its superficial surface, with the Extensor carpi radialis longior,
and with the Extensor muscles of the thumb which cross it. By its deei:) surface,
with the Supinator brevis, tendon of the Pronator radii teres, radius, and wristjoint.
By its ulnar border, with the Extensor communis digitorum.

lo.

Posterior Badio-Ulnar Begion

(fig.

346)

The muscles in this region are divided for purposes of description into two
groups or layers, superficial and deep.
'

Superficial

Layer

Extensor communis digitorum.
Extensor minimi digiti.

The Extensor communis digitorum

is

Extensor carpi ulnaris.
Anconeus.
situated at the back part of the forearm.

humerus, by the common tendon from
the deep fascia, and the intermuscular septa between it and the adjacent muscles.
Just below the middle of the forearm it divides into three fleshy masses, from
which tendons proceed these pass, together with the Extensor indicis, through
a separate compartment of the annular ligament, lubricated by a synovial
membrane. The tendons then diverge, the innermost one dividing into two
and all, after passing across the back of the hand, are inserted into the second
It arises

from the external condyle

of the

;

;

;

and third phalanges of the fingers in the following manner the outermost tendon,
accompanied by the Extensor indicis, goes to the index finger the second
tendon is usually connected to the first by a thin transverse band, and receives
a slip from the third tendon it goes to the middle finger the third tendon gives
off the slip to the second, and receives a very considerable part of the fourth
tendon on its way to the ring finger the fourth, or innermost tendon, divides into
two parts: one goes to join the third tendon, the other, reinforced by the Extensor
minimi digiti, goes to the little finger. Each tendon opposite the metacarpophalangeal articulation becomes narrow and thickened, and gives off a thin
fasciculus iipon each side of the joint, which blends with the lateral ligaments
and serves as the posterior ligament after having passed the joint, it spreads
out into a broad aponeurosis, which covers the whole of the dorsal surface of
the first phalanx
and is reinforced, in this situation, by the tendons of the
Interossei and Lumbricales.
Opposite the first phalangeal joint this aponeurosis
divides into three slips, a middle and two lateral the former is inserted into the
base of the second phalanx and the two lateral, which are continued onwards
along the sides of the second phalanx, unite by their contiguous margins, and
are inserted into the dorsal surface of the last phalanx.
As the tendons cross
the phalangeal joints, they furnish them with posterior ligaments.
Relations.
By its superficial surface, with the fascia of the forearm and
hand, the posterior annular ligament, and integument. By its deep surface, with
the Supinator brevis, the Extensor muscles of the thumb and index finger, the
posterior interosseous vessels and nerve, the wrist-joint, carpus, metacarpus,
and phalanges. By its radial border, with the Extensor carpi radialis brevior.
By its ulnar border, with the Extensor minimi digiti and Extensor carpi ulnaris.
The Extensor minimi digiti is a slender muscle placed on the inner side of
the Extensor communis, with which it is generally connected. It arises from
the common tendon by a thin, tendinous slip and from the intermuscular septa
between it and the adjacent muscles. Its tendon runs through a separate compartment in the annular hgament behind the inferior radio-ulnar joint, then
:

;

;

;

;

;

;

:

;

—

;
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divides into two as it crosses the hand, one shp being joined by the slip from the
innermost tendon of the common extensor. The three shps thus formed spread
into a broad aponeurosis, which after receiving a shp from the Abductor minimi
The tendon is situated
digiti is inserted into the second and third phalanges.
on the ulnar side of, and somewhat more superficial than, the common extensor.
The Extensor carpi ulnaris is the most superficial muscle on the ulnar side of
It arises from the external condyle of the humerus, by the common
the forearm.
tendon
by an aponeurosis from the posterior border of the ulna in common
with the Flexor carpi ulnaris and the Flexor profundus digitorum and from
This muscle terminates in a tendon, which runs
the deep fascia of the forearm.
through a groove behind the styloid process of the ulna, passes through a
separate compartment in the annular ligament, and is inserted into the prominent
tubercle on the ulnar side of the base of the metacarpal bone of the little finger.
Relations.
By its superficial surface, with the deep fascia of the forearm.
By its deeiJ surface, with the ulna, and the muscles of the deep layer.
The Anconeus is a small, triangular muscle, placed behind and below the
elbow- joint, and appears to be a continuation of the external portion of the
Triceps.
It arises l^y a separate tendon from the back part of the outer condyle
of the humerus, and is inserted into the side of the olecranon, and upper fourth
its fibres diverge from their
of the posterior surface of the shaft of the ulna
origin, the upper ones being directed transversely, the lower obliquely inwards.
Relations.
By its superficial surface, with a strong fascia derived from the
Triceps.
By its deep surface, with the elbow-joint, the orbicular ligament, the
ulna, and a small portion of the Supinator brevis.
;

;

—

;

—

Deep Layer

(fig.

348)

Extensor brevis poUicis.
Extensor longus pollicis.

"

Supinator brevis.

Extensor ossis metacarpi pollicis.
Extensor

indicis.

The Supinator brevis (fig. 347) is a broad muscle, of a hollow cylindrical
form, curved round the upper third of the radius.
It consists of two distinct
planes of muscular fibres, between which lies the posterior interosseous nerve.
The two planes arise in common the superficial one by tendinous, and the
deeper by muscular fibres from the external condyle of the humerus from the
external lateral ligament of the elbow- joint, and the orbicular ligament of the
radius from the ridge on the ulna, which runs obliquely downwards from the
posterior extremity of the lesser sigmoid cavity from the triangular depression
in front of it
and from a tendinous expansion which covers the surface of the
muscle. The superficial fibres surround the upper part of the radius, and are
inserted into the outer edge of the bicipital tuberosity and to the oblique line of
The upper
the radius, as low down as the insertion of the Pronator radii teres.
fibres of the deeper plane form a sling-like fasciculus, which encircles the neck
of the radius above the tuberosity and is attached to the back part of its inner
:

;

;

;

;

the greater part of this portion of the muscle is inserted into the
and external surface of the shaft, midway between the oblique line and
the head of the bone. Between the insertion of the two planes, the posterior
interosseous nerve lies on the shaft of the bone.
Relations.
By its superficial surface, with the superficial Extensor and
Supinator muscles, and the radial vessels and nerve. By its deep surface, with
the elbow-joint, the interosseous membrane, and the radius.
The Extensor ossis metacarpi pollicis is the most external and the largest of
the deep extensor muscles
it lies immediately below the Supinator brevis, with
which it is sometimes united. It arises from the posterior surface of the shaft
of the ulna below the insertion of the Anconeus, from the interosseous membrane, and from the middle third of the posterior surface of the shaft of the
surface

:

posterior

—

'

;
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Passing obliquely downwards and outwards, it terminates in a tendon,
radius.
which runs through a groove on the outer side of the styloid process of the
radius, accompanied by the tendon of the Extensor brevis polhcis, and is

—

(From a
Fig. 347. Supinator brevis.
preparation in the Museum of the
Eoyal College of Surgeons of England.)

Fig. 348.

— Posterior surface of the forearm.
Deep muscles.

Extei
condyh

:Ex.b.

Extensor carpi _
radialisbremo)
Extensor caip

radiaUs longioi

inserted into the base of the metacarpal bone of the thumb.
It

occasionally gives

off

two

slips,

near its insertion one to the Trapezium, and the other to blend with
the origin of the Abductor pollicis.
:

Relations.

—By

its

superficial

surface, with

the Extensor communis digitorum. Extensor minimi

and fascia of the forearm
and with the branches of the posterior interosseous artery and nerve
which cross it. By its deep surface,
digiti,

;

with the ulna, interosseous membrane, radius, the tendons of the
Extensor carpi radialis longior and

which it crosses obliquely
and, at the outer side of the wrist, with the radial vessels.
By its upper border,
with the Supinator brevis. By its lotver border, with the Extensor brevis pollicis.

brevior,

;
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of this group, lies

on the inner side
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internocUi polUcis), the smallest

of the preceding.

It arises from the
posterior surface of the shaft of the radius, below the Extensor ossis metacarpi
pollicis and from the interosseous membrane.
Its direction is similar to that of
the Extensor ossis metacarpi pollicis, its tendon passing through the same

groove on the outer side of the styloid process, to be inserted into the base of
the first phalanx of the thumb.
Relations.
The same as those of the Extensor ossis metacarpi pollicis.

—

The Extensor

longiis pollicis {Extensor secuncli internocUi ijollicis) is

larger than the preceding muscle, the origin of

which

it

partly covers

much
in.

It

from the posterior surface of the shaft of the ulna, below the origin of the
Extensor ossis metacarpi pollicis, and from the interosseous membrane. It terminates in a tendon, which passes through a separate compartment in the
annular ligament, tying in a narrow, obHque groove at the back part of the
lower end of the radius. It then crosses obliquely the tendons of the Extensor
carpi radialis longior and brevior, being separated from the other extensor
tendons of the thumb by a triangular interval, in which the radial artery is
found and is finally inserted into the base of the last phalanx of the thumb.
Relations.
By its sioperficial sit/rface, with the same parts as the Extensor
By its deep surface, with the ulna, interosseous memossis metacarpi pollicis.
brane, the posterior interosseous nerve, radius, the wrist, the radial vessels, and
metacarpal bone of the thumb.
The Extensor indicis is a narrow, elongated muscle, placed on the inner side
of, and parallel with, the preceding.
It arises from the posterior surface
of the shaft of the ulna, below the origin of the Extensor lohgus pollicis and
from the interosseous membrane. Its tendon passes with the Extensor communis digitorum through the same canal in the annular ligament, and subsequently joins the tendon of the Extensor communis which belongs to the index
finger, opposite the lower end of the corresponding metacarpal bone, lying to
the ulnar side of the tendon from the common extensor.
arises

;

—

—

Relations.
The relations are similar to those of the preceding muscles.
Nerves.
The Supinator longus is supplied by the sixth, the Extensor carpi
radialis longior by the sixth and seventh, and the Anconeus by the seventh and
eighth cervical nerves, all through the musculo-spiral nerve
the remaining
muscles of the radial and posterior brachial region are supplied through the
posterior interosseous nerve, the Supinator brevis being supplied by the sixth
cervical, the Extensor carpi radialis brevior by the sixth and seventh cervicals,
and all the other muscles by the seventh cervical.
Actions.
The muscles of the radial and posterior brachial regions, which
comprise all the extensor and supinator muscles, act upon the forearm, wrist,
and hand they are the direct antagonists of the pronator and flexor muscles.
The Anconeus assists the Triceps in extending the forearm. The chief action of
the Supinator longus is that of a flexor of the elbow- joint, but in addition to this
it may act both as a supinator or a pronator
that is to say, if the forearm is
forcibly pronated, it will act as a supinator, and bring the bones into a position
midway between supination and pronation and, vice versa, if the arm is forcibly
supinated, it will act as a pronator, and bring the bones into the same position,
midway between supination and pronation. The action of the muscle is therefore to throw the forearm and hand into the position they naturally occupy
when placed across the chest. The Supinator brevis is a supinator that is to
say, when the radius has been carried across the ulna in pronation, and the
back of the hand is directed forwards, this muscle carries the radius back again
to its normal position on the outer side of the ulna, and the palm of the hand is
again directed forwards. The Extensor carpi radialis longior extends the wrist
and abducts the hand. It may also assist in bending the elbow- joint at all
events it serves to fix or steady this articulation. The Extensor carpi radiahs
brevior assists the Extensor carpi radialis longior in extending the wrist, and

—

;

—

;

:

;

:

;
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The Extensor carpi ulnaris
also act slightly as an abductor of the hand.
helps to extend the hand, but when acting alone inclines it towards the ulnar
side
by its continued action it extends the elbow-joint. The Extensor communis digitorum extends the phalanges, then the wrist, and finally the elbow.
It acts principally on the proximal phalanges, the middle and terminal
phalanges being extended mainly by the Interossei and Lumbricales. It has
The Extensor
also a tendency to separate the fingers as it extends them.
minimi digiti extends the little finger, and by its continued action it assists in

may

:

extending the wrist. It is owing to this muscle that the little finger can be
The chief action of the
extended or pointed whilst the others are flexed.
Extensor ossis metacarpi poUicis is to carry the thumb outwards and backwards
from the palm of the hand, and hence it has been called the Abductor longus
pollicis.
By its continued action it helps to extend and abduct the wrist. The
Extensor brevis pollicis extends the proximal phalanx of the thumb. By its
continued action it helps to extend and abduct the wrist. The Extensor longus
pollicis extends the terminal phalanx of the thumb.
By its continued action it
helps to extend and .abduct the wrist.
The Extensor indicis extends the index
finger, and by its continued action assists in extending the wrist.
It is owing to
this muscle that the index finger can be extended or pointed while the others are
flexed.

—

The tendons of the Extensor muscles of the thumb are liable to
their sheaths inflamed, after excessive exercise, producing a sausageshaped swelling along the course of the tendon and giving a peculiar creaking sensation
to the finger when the muscle acts.
In consequence of its often being caused by such
movements as wringing clothes, it is known as washerwoman's sprain.'
Surgical Anatomy.

become

strained,

and

'

IV.

Muscles and Fascia op the Hand

The Muscles of the Hand are subdivided into three groups i Those of the
thumb, which occupy the radial side 2. Those of the little finger, which occupy
the ulnar side 3. Those in the middle of the palm and within the interosseous
:

.

;

;

spaces.

—

Dissection (fig. 349). Make a transverse incision across the front of the wrist, and a
second across the heads of the metacarpal bones connect the two by a vertical incision
in the middle line, and continue it
through the centre of the middle finger.
Fig. 349.
Transverse section through the wrist,
The anterior and posterior annular
showing the annular ligaments and the canals
ligaments, and the palmar fascia,
for the passage of the tendons.
should then be dissected.
LONG. flex.ca;?p.
:

—

is

The Anterior Annular Ligament
strong, fibrous band, which

a

arches over the carpus, converting
the deep groove on the front of
the carpal bones into a canal,
beneath which pass the flexor tendons of the fingers. It is attached,
internally, to the pisiform bone and
unciform process of the unciform
bone and externally, to the tube;

and to the
inner part of the anterior surface
and the ridge on the trapezium. It is continuous, above, with the deep fascia
of the forearm, of which it may be regarded as a thickened portion
and
below, with the palmar fascia. It is crossed by the ulnar vessels and nerve, and
the cutaneous branches of the median and ulnar nerves. At its outer extremity
is the tendon of the Flexor carpi radialis, which lies in the groove on the
trapezium between the attachments of the annular hgament to the bone. It has
rosity of the scaphoid,

;
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tendon of the Palmaris longus and part of
the tendon of the Flexor carpi ulnaris, and has arising from it, below, the small
muscles of the thumb and little finger. Beneath it pass the tendons of the
inserted, into its anterior surface the

and

sublimis

Flexor

—

digitorum,
profundus
the Flexor loncrus pol-

Fig. 350. Transverse section through the carpus, showing
*h® relative positions of the tendons, vessels, and nerves,
(Henle.)

and the median

licis,

ANNULAR U&.

nerve.

PLEX. LON5. POLL.

The Synovial

Mem-

FLEX. CARP.

of the Flexor
Tendons at the Wrist.
There are two synovial

branes

NERUE
ULMAR VESSELS

^'!EOIfl^f

RAn

MUSCLCS or THUMB

—

membranes which

MUSCLES Of
,1-ITTLi;

en-

close all the tendons as

they pass beneath this
ligament, one for the
Flexor sublimis and
profundus digitorum,
the other for the Flexor
They
longus pollicis.
extend up into the
forearm for about an
inch above the annular

TRflPESljM

RAQIAU VCSSC'-S

PXT.OmT. RAD. L0^o
Ti?APC20'j

eXT. CARP. RAD. BRE.V.

OS

EXT. INOICiS
t/lAGhJUM

and downwards about half-way along the metacarpal bone, where
they terminate in a blind diverticulum around each pair of tendons, with the
exception of the thumb and sometimes the little finger in these two fingers
the diverticulum is continued on and
communicates with the synovial -c
,
Fig. 351. Diagram showmg the arrangement
sheath of the tendons. In the other
of ^i^e synovial sheaths of the palm and
three fingers the synovial sheath of
fingers,
the tendons in the fingers begins as
a blind pouch without communicasac
tion with the large synovial
ligament,

;

—

"^

(fig-

-r-,-

i

•

i.i

4.

351)-

—

Surgical Anatomy.
This arrangeof the synovial sheaths explains the

ment

fact that thecal abscess in the

thumb and

finger is liable to be followed by
abscesses in the forearm, from extension
of the inflammation along the continuous
synovial sheaths.
Ganglion is apt to
occur in this situation, constituting com-

little

'

pound palmar ganglion

presents an
hoiu'-glass outline, with a swelling in front
of the wrist and in the palm of the hand,
and a constriction corresponding to the
annular ligament between the two. The
fluid can be forced from the one swelling
to the other under the ligament.

The
is

'

:

it

Posterior Annular Ligament

a strong, fibrous band, extending

transversely across the back of the

and consisting of the deep
the back of the forearm,
strengthened by the addition of some

wrist,

fascia of

It forms a sheath
extensor tendons in their passage to the fingers, being attached, internally, to the styloid process of the ulna, the cuneiform and pisiform bones
and, in its passage across the wrist, to
externally, to the margin of the radius

transverse fibres.
for the

;

;
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comhned by a separate

Its presents six

the elevated ridges on the posterior surface of the radius.
partments for the passage of tendons, each of which

is

—

These are, from without inwards: i. On the outer side
synovial membrane.
of the styloid process, for the tendons of the Extensor ossis metacarpi and
Extensor brevis pollicis. 2. Behind the styloid process, for the tendons of the
the middle of the
3. About
Extensor carpi radialis longior and brevior.
posterior surface of the radius, for the tendon of the Extensor longus pollicis.

To the inner side of the latter, for the tendons of the Extensor communis
digitorum and Extensor indicis. 5. Opposite the interval between the radius
4.

Fig. 352.

— Palmar

(Altered from a dissection in the
College of Surgeons of England.)

fascia,

Museum

of the

Eoyal

FLEX LONG- POLL.

and ulna, for the Extensor minimi digiti. 6. Grooving the back of the ulna, for
the tendon of the Extensor carpi ulnaris.
The synovial membranes lining these
sheaths are usually very extensive, reaching from above the annular ligament,
down upon the tendons for a variable distance on the back of the hand.
The deep palmar fascia (fig. 352) forms a common sheath which invests the
muscles of the hand. It consists of a central and two lateral portions.

The

central portion occupies the middle of the palm,

is

triangular in shape,

and thickness, and binds down the tendons in this situation. It
is narrow above, being attached to the lower margin of the annular ligament, and
receives the expanded tendon of the Palmaris longus muscle.
Below, it is broad
of great strength

;
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and expanded, and divides into four slips, for the four fingers. Each slip gives
off superficial fibres, which are inserted into the skin of the palm and finger,
those to the palm joining the skin at the furrow corresponding to the metacarpophalangeal articulation, and those to the fingers passing into the skin at the
The deeper part of each slip subdivides
transverse fold at the base of the fingers.
into two processes, which are inserted into the lateral margins of the anterior
(glenoid) ligament of the metacarpo-phalangeal joint.
From the sides of these
processes, offsets are sent backwards, to be attached to the borders of the lateral
By this arrangesurfaces of the metacarpal bones at their distal extremities.
ment short channels are formed on the front of the lower ends of the metacarpal
Dr. W. W. Keen describes a
bones, through which the flexor tendons pass.
The intervals left in the
fifth slip as frequently found passing to the thumb.
fascia, between the four fibrous slips, transmit the digital vessels and nerves, and
At the points of division of the palmar fascia
the tendons of the Lumbricales.
into the slips above mentioned, numerous strong, transverse fibres bind the
The palmar fascia is intimately adherent to the
separate processes together.
integument by dense fibro-areolar tissue forming the superficial palmar fascia,
and gives origin by its inner margin to the Palmaris brevis it covers the superficial palmar arch, the tendons of the flexor muscles, and the branches of the
median and ulnar nerves and on each side it gives off a vertical septum, which
is continuous with the interosseous aponeurosis, and separates the lateral from
the middle palmar group of mu.scles.
The lateral portions of the palmar fascia are thin, fibrous layers, which cover,
on the radial side, the muscles of the ball of the thumb, and, on the ulnar side,
the muscles of the little finger they are continuous with the dorsal fascia, and in
the palm with the central portion of the palmar fascia.
The Superficial Transverse Lig-ament of the Fingers is a thin, fibrous band,
which stretches across the roots of the four fingers, and is closely attached to the
skin of the clefts, and internally to the fifth metacarpal bone, forming a sort of
rudimentary web. Beneath it the digital vessels and nerves pass onwards to their
;

;

:

destination.

—

Surgical Anatomy. The palmar fascia is liable to undergo contraction, producing a
very inconvenient deformity, known as Dupuytren's contraction.' The ring and little
fingers are most frequently implicated, but the middle, the index, and the thumb may be
The proximal phalanx is drawn down and cannot be straightened, and the two
involved.
distal phalanges become similarly flexed as the disease advances.
'

II. Baclial

Begion

(figs.

353, 354)

Flexor brevis poUicis.
Adductor obliquus pollicis.

Abdu-ctor pollicis.

Opponens (Flexor

ossis metacarpi) pollicis.

Adductor transversus

pollicis.

The Abductor pollicis is a thin, flat muscle, placed immediately beneath the
integument. It arises from the ridge of the os trapezium and annular ligament
and, passing outwards and downwards, is inserted by a thin, flat tendon into the
radial side of the base of the first phalanx of the thumb, sending a slip to join the
tendon of the Extensor longus pollicis.
Relations.
By its superficial surface, with the palmar fascia. By its deep
surface, with the Opponens pollicis, from which it is separated by a thin aponeurosis.
Its inner border is separated from the Flexor brevis pollicis by a narrow

—

cellular interval.

muscle, placed beneath the
on the trapezium
and from the annular ligament, passes downwards and outwards, and is
inserted into the whole length of the metacarpal bone of the thumb on its radial

The Opponens

preceding.

side.

pollicis is

It arises

a

small, triangular

from the palmar surface

of the ridge
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—

By its stqjerficial surface, with the Abductor polhcis. By its deex>
trapezio-metacarpal articialation. By its inner border, with the
the
with
surface,
Flexor brevis polhcis.
The Flexor brevis poUicis is much larger than either of the two preceding
muscles, beneath which it is placed. It consists of two portions, outer and inner.
The outer and more superficial portion arises from the lower part of the ridge
on the trapezium and outer two-thirds of the annular ligament, and passes along
and, becoming
the outer side of the tendon of the Flexor longus pollicis
tendinous, has a sesamoid bone developed in its tendon, and is inserted into the
outer side of the base of the first phalanx of the thumb. The inner and deeper
portion of the muscle is very small, and arises from the ulnar side of the first
Relations.

;

Fig. 353.

— Muscles of thumb.
Roval College

(From a preparation

in the

Museum

of the

of Sm'geons of England.)

eXtenso-r lomgus'pollicis

''\

.'

/

\
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/
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metacarpal bone, and is inserted into the inner side of the base of the first
phalanx with the Adductor obliquus pollicis. A sesamoid bone is developed in
the common tendon of insertion.
Relations.
By its superficial surface, with the palmar fascia. By its dee])
By its external surface,
surface, with the tendon of the Flexor carpi radialis.
with the Opponens pollicis. By its internal surface, with the Adductor obliquus

—

pollicis.

The Adductor obliquus pollicis arises by several slips from the os magnum,
the bases of the second and third metacarpal bones, the anterior carpal ligaments,
and the sheath of the tendon of the Flexor carpi radialis. From this origin the
greater number of fibres pass obliquely downwards and converge to a tendon,
which, uniting with the tendons of the deeper portion of the Flexor brevis pollicis
and the Adductor transversus, is inserted into the inner side of the base of the first
phalanx of the thumb, a sesamoid bone being developed in the tendon of insertion.
A considerable fasciculus, however, passes more obliquely outwards beneath the
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tendon of the long flexor to join the superficial portion of the short flexor and the
Abductor pollicis.*
Relations.
By its superficial surface, with the Plexor longus polHcis and the
outer head of the Flexor brevis poUicis.
Its deep surface covers the Adductor
transversus pollicis, and is in relation with the deep palmar arch, which passes
between the two adductors.
The Adductor transversus pollicis (fig. 353) is the most deeply seated of this
group of muscles. It is of a triangular form, arising by its broad base, from the
lower two-thirds of the metacarpal bone of the middle finger on its palmar surface
the fibres, proceeding outwards, converge, to be inserted, with the inner tendon
of the Flexor brevis pollicis, and the Adductor obliquus pollicis, into the ulnar side
of the base of the first phalanx of the thumb.
From the common tendon of insertion a slip is prolonged to the Extensor longus pollicis.
Relations.
By its superficial surface, with the Adductor obliquus pollicis, the
tendons of the Flexor profundus, and the Lumbricales. Its deep surface covers
the first two interosseous spaces, from which it is separated by a strong

—

;

—

aponeurosis.

Three of these muscles of the thumb, the Abductor, the Adductor transversus,
and the Flexor brevis pollicis, at their insertions, give off fibrous expansions
which join the tendon of the Extensor longus pollicis. This permits of flexion of
the proximal phalanx and extension of the terminal phalanx at the same time.
These expansions, originally figured by Albinus, have been more recently
described by M. Duchenne, Physiologie des Mouvements.'
Nerves.^The Abductor, Opponens, and outer head of the Flexor brevis
pollicis are supplied by the sixth cervical through the median nerve
the inner
head of the Flexor brevis, and the Adductors, by the eighth cervical through the
'

;

ulnar nerve.

—

Actions.
The actions of the muscles of the thumb are almost sufficiently indicated by their names.
This segment of the hand is provided with three extensors

and an extensor of
— an extensor of the metacarpal bone, an extensor of the
these occupy the dorsal surface of the forearm and hand.
There are also three flexors on the palmar surface — a flexor of the metacarpal
first,

the second phalanx

;

and a flexor of the terminal phalanx there is also
an Abductor and two Adductors. The Abductor pollicis moves the metacarpal
bone of the thumb outwards, that is, away from the index finger. The Flexor
ossis metacarpi pollicis flexes the metacarpal bone, that is, draws it inwards over
the palm, and at the same time rotates the bone, so as to turn the ball of the
thumb towards the fingers, thus producing the movement of opposition. The
Flexor brevis pollicis flexes the proximal phalanx of the thumb. The Adductores
pollicis move the metacarpal bone of the thumb inwards, that is, towards the
index finger. These muscles give to the thumb its extensive range of motion.
It will be noticed, however, that in consequence of the position of the first metacarpal bone, these movements differ from the corresponding movements of the
metacarpal bones of the other fingers. Thus extension of the thumb more
nearly corresponds to the motion of abduction in the other fingers, and flexion to

bone, a flexor of the proximal,

;

adduction.

12.

Ulnar Begion

(fig.

354)

Palmaris brevis
Flexor brevis minimi
Opponens (Flexor ossis metacarpi) minimi digiti.

Abductor minimi

digiti.

digiti.

The Palmaris brevis is a thin quadrilateral muscle, placed beneath the integument on the ulnar side of the hand. It arises by tendinous fascicuh, from the
* This muscle was formerly described as

tlae

deep portion of the Flexor brevis

pollicis.

KK
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annular ligament and palmar fascia the fleshy fibres pass inwards, to be inserted
on the inner border of the palm of the hand.
Relations.
By its superficial surface, with the integument, to which it is
intimately adherent, especially by its inner extremity. By its cleep surface, with
the inner portion of the palmar fascia which separates it from the ulnar vessels
and nerve, and from the muscles of the ulnar side of the hand.
;

into the skin

—

;

Fig. 354.

— Muscles of the

The Ahductor minimi

left

hand.

Palmar

surface.

digiti is situated on the ulnar border of the palm of the
from the pisiform bone, and terminates in a flat tendon, which
divides into two slips
one passes under the lateral expansion of the extensor
tendon, opposite the metacarpo-phalangeal articulation, and is inserted into the

hand.

It arises

;
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ulnar side of the base of the first phalanx of the little finger.
The other shp
passes over the expansion, and is inserted into the ulnar border of the aponeurosis
of the Extensor minimi digiti.

Eelations.~By its superficial surface, with the inner portion of the palmar
and the Palmaris brevis. By its deep surface, with the Flexor ossis metacarpi minimi digiti.
By its outer border, with the Flexor brevis minimi digiti.
The Flexor brevis minimi digiti lies on the same plane as the preceding
muscle, on its radial side. It arises from the tip of the unciform process of the
unciform bone, and anterior surface of the annular ligament, and is inserted into
the base of the first phalanx of the Httle finger.
It is separated from the
Abductor at its origin, by the deep branches of the ulnar artery and nerve. This
muscle is sometimes wanting the Abductor is then, usually, of large size.
Relations.
By its superficial surface, with the internal portion of the palmar
fascia, and the Palmaris brevis.
By its deep surface, with the Opponens.
The Opponens minimi digiti (fig. 345) is of a triangular form, and placed
immediately beneath the preceding muscles. It arises from the unciform process
of the unciform bone, and contiguous portion of the annular ligament
its fibres
pass downwards and inwards, to be inserted into the whole length of the metacarpal bone of the little finger, along its ulnar margin.
Relations.
By its superficial surface, with the Flexor brevis, and Abductor
minimi digiti. By its deep surface, with the Interossei muscles in the fourth
metacarpal space, the metacarpal bone, and the Flexor tendons of the little fino-er.
Nerves. All the muscles of this group are supplied by the eighth cervical
nerve through the ulnar nerve.
Actions.
The Abductor minimi digiti abducts the little finger from the middle
fascia,

;

—

;

—

—

—

hand. It corresponds to a dorsal interosseous muscle. It also assists
in flexing the proximal phalanx.
The Flexor brevis minimi digiti abducts the
little finger from the middle line of the hand.
It also assists in flexing the
proximal phalanx. The Opponens minimi digiti draws forwards the fifth
metacarpal bone, so as to deepen the hollow of the palm. The Palmaris brevis
corrugates the skin on the inner side of the palm of the hand.
line of the

13.

Middle Palmar Begion

Lumbricales.

Interossei palmares.

Interossei dorsales.

The Lumbricales (fig. 354) are four small fleshy fasciculi, accessories to the
deep Flexor muscle. They arise by fleshy fibres from' the tendons of the deep
Flexor the first and second, from the radial side and palmar surface of the
tendons of the index and middle fingers the third, from the contiguous sides
of the tendons of the middle and ring fingers
and the fourth, from the contiguous
sides of the tendons of the ring and little fingers.
They pass to the radial side
of the coiTesponding fingers, and opposite the metacarpo-phalangeal articulation
each tendon is inserted into the tendinous expansion of the Extensor communis
digitorum, covering the dorsal aspect of each finger.The Interossei muscles (figs. 355, 356) are so named from occupying the
They are divided into two sets, a
intervals between the metacarpal bones.
dorsal and palmar the former are four in number, one in each metacarpal
space the latter, three in number, lie upon the metacarpal bones.
The Dorsal interossei are four in number, larger than the palmar, and occupy
They are bipenniform muscles,
the intervals between the metacarpal bones.
arising by two heads from the adjacent sides of the metacarpal bones, but more
extensively from the metacarpal bone which corresponds to the side of the
finger in which the muscle is inserted.
They are inserted into the bases of
the first phalanges and into the aponeurosis of the common extensor tendon.
Between the double origin of each of these muscles is a narrow triangular interval,
:

;

;

:

;
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through the other three
first of which passes the radial artery
passes a perforating branch from the deep palmar arch.
The First dorsal interosseous muscle, or Abductor indicts, is larger than the
It is flat, triangular in form, and arises by two heads, separated by a
others,
fibrous arch, for the passage of the radial artery from the dorsum to the palm of
The outer head arises from the upper half of the ulnar border of the
the hand.
the inner head, from almost the entire length of the radial
first metacarpal bone
border of the second metacarpal bone the tendon is inserted into the radial side
The second and third dorsal interossei are inserted into the
of the index finger.
middle finger, the former into its radial, the latter into its ulnar side. The fourth
is inserted into the ulnar side of the ring finger.
The Palmar interossei, three in number, are smaller than the Dorsal, and
placed upon the palmar surface of the metacarpal bones, rather than between
them. They arise from the entire length of the metacarpal bone of one finger,
and are inserted into the side of the base of the first phalanx and aponeurotic

through the

;

;

;

common

extensor tendon of the same finger.
from the ulnar side of the second metacarpal bone, and is
The second
inserted into the same side of the first phalanx of the index finger.

expansion of the

The first

Fig. 355.

arises

— The Dorsal interossei of
left

Fig. 356.

hand.

— The Palmar interossei of
left

arises

from the radial side

same

side of the ring finger.

hand.

metacarpal bone, and is inserted into the
third arises from the radial side of the fifth

of the fourth

The

metacarpal bone, and is inserted into, the same side of the little finger. From
account it may be seen that each finger is provided with two Interossei
muscles, with the exception of the little finger, in which the Abductor muscle
takes the place of one of the pair.
Nerves.
The two outer Lumbricales are supplied by the sixth cervical
nerve, through the digital branches of the median nerve
the two inner Lumbricales and all the Interossei are supplied by the eighth cervical nerve, through
the deep palmar branch of the ulnar nerve.
Brooks states that the third
lumbrical received a tw4g from the median in twelve out of twenty-one cases.
Actions.
The Palmar interossei muscles adduct the fingers to an imaginary
line drawn longitudinally through the centre of the middle finger
and the
Dorsal interossei abduct the fingers from that line. In addition to this the
this

—

:

—

;
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Interossei, in conjunction with the Lumbricales, flex the first phalanx at
the metacarpo-phalangeal joints, and extend the second and third phalanges in
consequence of their insertion into the expansion of the extensor tendons.

The Extensor communis digitorum

is

believed to act almost entirely on the

first

phalanges.

—

Surface Form. The Pectoralis major largely influences surface form and conceals a
considerable part of the thoracic wall in front. Its sternal origin presents a festooned
border, which boimds and determines the width of the sternal furrow. Its clavicular origin
is somewhat depressed and flattened, and between the two portions of the muscle is often an
oblique depression, which differentiates the one from the other.
The outer margin of the
muscle is generally well marked above, and bounds the infraclavicular fossa, a triangular
interval which separates the Pectoralis major from the Deltoid.
It gradually becomes less
marked as it approaches the tendon of insertion, and becomes more closely blended with
The lower border of the Pectoralis major forms the rounded anterior
the Deltoid muscle.
axillary fold, and corresponds with the direction of the fifth rib.
The Pectoralis minor
When the arm is raised, its lowest slip of origin produces a local
influences surface form.
fulness just below the border of the anterior fold of the axilla, and so serves to break the
sharp line of the lower border of the Pectoralis major muscle which is produced when the
arm is in this position. The origin of the Serratus magnus produces a very characteristic
surface marking.
When the arm is raised fi-om the side, in a well-developed subject, the
five or six lower serrations are plainly discernible, forming a zigzag line, caused hj the
series of digitations, which diminish in size from above downwards, and have their apices
arranged in the form of a curve, '^^1len the arm is lying by the side, the first serration to
appear, at the lower margin of the Pectoralis major, is the one attached to the fifth rib.
The Deltoid, with the prominence of the upper extremity of the humerus, produces the
rounded outline of the shoulder. It is roi;nder and fuller in front than behind, where it
presents a somewhat flattened form.
Its anterior border, above, presents a rounded,
slightly curved eminence, which bounds externally the infraclavicular fossa
below, it is
Its posterior border is thin, flattened, and
closely united with the Pectoralis major.
scarcely marked above below, it is thicker and more prominent.
When the muscle is in
action, the middle portion becomes irregular, presenting alternate longitudinal elevations
and depressions the elevations corresponding to the fleshy portions the depressions, to
the tendinous intersections of the muscle.
The insertion of the Deltoid is marked by a
depression on the outer side of the middle of the arin.
Of the scapular muscles, the only
one which materially influences surface form is the Teres major, which assists the Latissimus
dorsi in forming the thick, rounded fold of the posterior boundary of the axilla.
When
the arm is raised, the Coraco-brachialis reveals itself as a long, narrow elevation, which
emerges from under cover of the anterior fold of the axilla and runs downwards, internal
to the shaft of the humerus.
When the arm is hanging by the side, its fi'ont and inner
part presents the prominence of the Biceps, bounded on either side by an intermuscular
This muscle determines the contour of the fi-ont of the arm, and extends from
depression.
the anterior margin of the axilla to the bend of the elbow.
Its upper tendons are concealed
by the Pectoralis inajor and the Deltoid, and its lower tendon sinks into the space at the
bend of the elbow. When the muscle is in a state of complete contraction that is to say,
when the forearm has been flexed and supinated it presents a rounded convex form,
bulged out laterally and its length is diminished. On each side of the Biceps, at the
lower part of the arm, the Bracliialis anticus is discernible. On the outer side it
forms a narrow eminence, which extends some distance up the arm along the border of
the Biceps.
On the inner side it shows itself only as a little fulness just above the elbow.
On the back of the arm the long head of the Triceps may be seen as a longitudinal
eminence emerging from under cover of the Deltoid, and gradually merging into the
On
longitudinal flattened plane of the muscle on the lower part of the back of the arm.
the anterior aspect of the elbow are to be seen two muscular elevations, one on each side,
separated above, and converging below so as to form a triangular space. Of these, the
inner elevation, consisting of the flexors and pronator, forms the prominence along the imrer
side and front of the forearm.
It is a fusiform mass, pointed above at the internal
condyle, and gradually tapering off below.
The Pronator radii teres, the innermost
muscle of the group, forms the boundary' of the triangular space at the bend of the elbow.
The most
It is shorter, less prominent, and more oblique than the outer boiindary.
prominent part of the eminence is produced by the Flexor carjn radialis, the muscle next
in order on the inner side of the preceding one.
It forms a rounded prominence above,
and can be traced downwards to its tendon, which can be felt lying on the front of the
wrist, nearer to the radial than to the ulnar border and to the inner side of the radnal
artery.
The Palmaris longus presents no surface marking above, but, below, is the most
prominent tendon on the front of the wrist, standing out, when the muscle is in action, as
a sharp tense cord beneath the skin.
The Flexor suhlimis digitoruvi does not directly
influence surface form. The position of its four tendons on the front of the lower part 01
the forearm is indicated by an elongated depression between the tendons of the Palmaris
longus and the Flexor carpi ulnaris. The Flexor carpi ulnaris occupies a small part of
the posterior surface of the forearm, and is separated fi'om the extensor and supinator
;

;

:

;

—

—
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group, wliich occupies the greater part of this surface, by the ulnar furrow, produced by
the subcutaneous posterior border of the ulna. Its tendon can be perceived along the
ulnar border of the front of the forearm, and is most marked when the hand is flexed and
adducted. The deep muscles of the front of the forearm have no direct influence on
The external group of muscles of the forearm, consisting of the extensors
surface form.
and supinators, occupj' the outer, and a considerable portion of the posterior, surface of
They form a fusiform mass, which is altogether on a higher level than the
this region.
pronato-flexor group. Its apex emerges from between the Triceps and Brachialis anticus
muscles some distance above the elbow-joint, and acquires its greatest breadth opposite
the external condyle, and thence gradually shades off into a flattened surface. About the
middle of the forearm it divides into two longitudinal eminences which diverge from each
The outer of these two groups of
other, leaving a triangular interval between them.
muscles consists of the Supinator longus and the Extensor carpi radialis longior et
brevior, which form a longitudinal eminence descending fi'om the external condyloid
The other and more posterior
ridge in the direction of the styloid process of the radius.
group consists of the Extensor communis digitorum, the Extensor minimi digiti, and the
Extensor carpi ulnaris. It commences above as a tapering form at the external condyle
of the humerus, and is separated behind at its upper part from the Anconeus by a weUmarked furrow and below, from the pronato-flexor mass, by the ulnar furrow. In the
triangular interval left between these two groups, the extensors of the thumb and index
The onlj' two muscles of this region which require special mention, as
finger are seen.
independently' influencing surface form, are the Supinator longus and the Anconeus. The
inner border of the SujAnator longus forms the oiiter botmdary of the triangular space at
the bend of the elbow. It commences as a rounded border above the condyle, and is
Lower down, the
longer, less oblique, and more prominent than the inner boundary.
muscle forms a full fleshj' mass on the outer side of the upper part of the forearm, and
below tapers into a tendon, which may be traced down to the styloid process of the
radius.
The Anconeus presents a well-marked and characteristic surface form in the
shape of a triangular, slightly elevated surface, immediately external to the subcutaneous
posterior surface of the olecranon, and differentiated from the common extensor group by
The upper angle of the triangle correa well-marked oblique longitudinal dexDression.
sponds to the external condyle, and is marked by a depression or dimple in this situation.
In the triangular interval, caused by the divergence from each other of the two groups of
muscles into which the extensor and supinator gi'oup is divided at the lower part of the
forearm, an oblique elongated eminence is seen, caused by the emergence of two of the
extensors of the thumb from their deep origm at the back of the forearm. This eminence,
full above, and becoming flattened out and partially subdivided below, runs downwards
and outwards over the back and outer siu"face of the radius to the outer side of the wristjoint, where it forms a ridge, especially marked when the thumb is extended, which passes
onwards to the posterior aspect of the thumb. The tendons of most of the extensor
muscles are to be seen and felt at the leA'el of the wrist-joint. Most externa'Uy are
the tendons of the Extensor ossis metacarpi pollicis and the Extensor brevis poUicis,
forming a vertical ridge over the outer side of the joint from the styloid process of the
radius to the thumb. Internal to this is the oblique ridge produced by the tendon of
the Extensor longus pollicis, very noticeable when the muscle is in action.
The
Extensor carpi radialis longior is scarcely to be felt, but the Extensor carpi radiahs
brevior can be distinctly perceived, as a vertical ridge emerging from under the inner
border of the tendon of the Extensor longus pollicis, when the hand is forcibly extended
at the wrist.
Internal to this, again, can be felt the tendons of the Extensor indieis.
Extensor communis digitorum, and Extensor minimi digiti the latter tendon being separated from those of the common extensor by a slight furrow. The muscles of the hand
are principally concerned, as far as regards surface-form, in producing the thenar and hypothenar eminences, and individually are not to be distinguished, on the surface, from each other.
The Adductor transversus pollicis is, however, an exception to this its anterior border
gives rise to a ridge across the web of skin connecting the thumb to the rest of the hand.
The thenar eminence is much larger and rounder than the hypothenar one, which presents
a longer and narrower eminence along the ulnar side of the hand. When the Pahnaris
brevis is in action it produces a wrinkling of the skin over the hypothenar eminence, and
a deep dimple on the ulnar border of the hand.
The anterior extremities of the Lumbrical
muscles help to produce the soft eminences just behind the clefts of the fingers, separated
from each other by depressions corresponding to the flexor tendons in their sheaths.
Between the thenar and hypothenar eminences, at the wrist-joint, is a slight groove or
depression, widening out as it approaches the fingers beneath this we have the sti^ong
central part of the palmar fascia.
Here we have some furrows, which are pretty constant
in their arrangement, and bear some resemblance to the letter M.
One of these furrows
passes obliquely outwards from the groove between the thenar and hypothenar regions to
the head of the metacarpal bone of the index finger. A second passes inwards, with a slight
inclination upwards, from the termination of the first to the ulnar side of the hand. A
third runs parallel with the second and about three-quarters of an inch below it.
Lastly,
crossing these two latter furrows is an oblique fiuTow parallel with the first. The skin of
the palm of the hand differs considerably from that of the forearm. At the wrist it
;

;

;

;
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suddenly becomes hard and dense, and covered with a thick layer of cuticle. The skin in
the thenar region presents these characteristics less than elsewhere.
In spite of this
hardness and density the skin of the palm is exceedingly sensitive and very vascular. It
is destitute of hair, and no sebaceous follicles have been found in this region.
Over the

becomes thinner, especially at the flexures of the joints, and over
the terminal phalanges it is thrown into numerous parallel ridges in consequence of the
arrangement of the papillae in it. The siiperficial fascia in the palm is made up of dense
fibro-fatty tissue.
This tissue binds down the skin so firmly to the deep palmar fascia
that very little movement is permitted between the two.
On the back of the hand the
Dorsal interossei produce elongated swellings between the metacarpal bones. The first
dorsal interosseous (Abductor indicis), when the thiunb is closely adducted to the hand,
forms a prominent fusiform bulging the other interossei are not so marked.
Surgical Anatomy. The student, having completed the dissection of the muscles of
the upper extremity, should consider the effects likely to be produced by the action of the
various muscles in fracture of the bones.
In considering the actions of the various muscles upon fractures of the upper extremity,
I have selected the most common forms of injury, both for illustration and description.
Fractm-e oi the middle of the clavicle (fig. 357) is always attended with considerable
displacement, the inner end of the outer fragment is displaced inwards and backwards,
while the outer end of the same fragment is
rotated forwards. The whole outer fragment
Fig. 357. -Fracture of the middle of
is somewhat depressed.
the clavicle.
The displacement is produced as follows
iniuards, by the muscles passing from the
chest to the outer fragment of the clavicle,
to the scapula, and to the humerus, viz. the
Subclavius and the Pectoralis minor and, to
a less extent, the Pectoralis major and the
Latissiinus dorsi hachivards, in consequence
of the rotation of the outer fragment.
The
Serratus magnus causes the sca})ula to rotate
on the wall of the chest, this carries the
acromion and outer end of the outer fragment of the clavicle forwards, and causes the
piece of bone to rotate round a vertical axis
through its centre, and so carries the inner
end of the outer portion backwards. The depression of the whole outer fragment is produced by the weight of the arm and by the
contraction of the Deltoid. The outer end of
the inner fragment appears to be elevated,
the skin being drawn tensely over it this is
owing to the depression of the outer fragment, as the inner fragment is usually kept
fixed by the costo-clavicular ligament, and
by the antagonism between the Sterno-mastoid and Pectoralis major muscles.
But it
may be raised by an unusually strong Sternomastoid, or by the inner end of the outer
firagment getting below and behind it.
The
causes of displacement having been ascertained, it is easy to apply the appropriate treatment. The outer fragment is to be drawn outwards, and, together with the scapula,
raised upwards to a level with the inner fragment, and retained in that position.
In fracture of the acromial end of the clavicle, between the conoid and trapezoid
ligaments, only slight displacement occurs, as these ligaments,- from their oblique insertion, serve to hold both portions of the bone in apposition.
Fractiu-e, also, of the sternal
end, internal to the costo-clavicular ligament, is attended with only slight displacement,
this ligament serving to retain the fragments in close apposition.
Fracture of the acromion 2)rocess usually arises fi-om violence applied to the upper and
outer part of the shoulder it is generally known by the rotundity of the shoulder being
lost, from the Deltoid drawing the fractured portion downwards and forwards
and the
displacement may easily be discovered by tracing the margin of the clavicle outwards,
when the fragment will be found resting on the front and upper part of the head of the
humerus. In order to relax the anterior and outer fibres of the Deltoid- (the opposing
muscle), the arm should be drawn forwards across the chest, and the elbow well raised,
so that the head of the bone may press the acromion process upwards, and retain it in its
lingers the skin again

;

—

:

;

.

•

;

;

;

position.

Fracture of the coracoid process is an extremely rare accident, and is usually caused
by a sharp blow on the point of the shoulder. Displacement is here produced by the
combined actions of the Pectoralis minor, short head of the Biceps, and Coraco-brachialis,
the former muscle drawing the fragment inwards, and the latter directly downwards, the
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amount of displacement being limited by the connection of this process to the acromion
by means of the coraco-acromial ligament. In many cases there appears to have been
little or no displacement, from the fact that the coraco-clavicular ligament has remained
In order to relax these
intact, and has kept the separated fragment from displacement.
muscles and replace the fragments in close apposition, the forearm should be flexed so as
to relax the Biceps, and the arm drawn forwards and inwards across the chest so as to
relax the Coraco-brachialis the humerus should then be pushed upwards against the
coraco-acromial ligament, and the arm retained in that position.
Fracture of the surgical nech of the humerus (fig. 358) is very common, is attended with
considerable displacement, and its appearances correspond somewhat with those of dislocation of the head of the humerus into the axilla.
The upper fragment is slightly elevated under the
Fracture of the surgical
Fig. 358.
coraco-acromial ligament by the muscles attached
neck of the humerus.
to the greater and lesser tuberosities
the lower
fragment is drawn inwards by the Pectoralis major,
Latissimus dorsi, and Teres major
and the
humerus is thrown obliquely outwards from the
side by the Deltoid, and occasionally elevated so as
to cause the upper end of the lower fragment to
project beneath and in front of the coracoid process.
The deformity is reduced by fixing the
shoulder, and drawing the arm outwards and down;

—

;

;

To counteract the opposing muscles, and
keep the fragments in position, a small conicalshaped pad should be placed in the axilla, and
the arm bandaged to the side by a broad roller
passed round the chest, in such a manner that the
elbow is carried slightly forwards, so as to throw
the upper end of the lower fragment backwards
and outwards towards the head of the bone. The
whole is then covered with a carefully moulded
guttapercha or poroplastic shoulder cap.
In fo'acture of the shaft of the humerus below
the insertion of the Pectoralis major, Latissimus
wards.
to

and Teres major, and above the insertion of the Deltoid, there is also considerable
deformity, the upper fragment being d]-awn inwards by the first mentioned muscles, and
the lower fragment upwards and outwards by the Deltoid, producing shprtening of the
limb, and a considerable prominence at the seat of fracture, from the fractured ends of
the bone riding over one another, especially if the fracture takes place in an oblique
direction.
The fragments may be brought into apposition by extension from the elbow,
and retained in that position by adopting the same means as in the preceding injury.
In fractures of the shaft of the humerus immediately below the insertion of the Deltoid, the
Fig. 359.
Fracture of the humerus
amount of deformity depends greatly upon the
above the condyles.
direction of the fracture.
If it occurs in a transverse direction, only slight displacement takes
place, the upper fragment being drawn a little forwards
but in oblique fracture, the combined
actions of the Biceps and Brachialis anticus muscles in front, and the Triceps behind, draw upwards the lower fragment, causing it to glide over
the upper fragment, either backwards or forwards,
according to the direction of the fracture. Simple
extension reduces the deformity, and the application of splints on the four sides of the arm will
retain the fragments in apposition.
Care should be
taken not to raise the elbow but the forearm and
hand may be supported in a sling.
Fracture of the humerus (fig. 359) immediately
above the condyles deserves very attentive consideration, as the general appearances correspond
somewhat with those produced by separation of the
epiphysis of the humerus, and with those of dislocation of the radius and ulna backwards.
If the dh'ection of the fracture is oblique from above, downwards, and forwards, the lower fragment is drawn
upwards by the Brachialis anticus and Biceps in
front, and the Triceps behind
and at the same time is drawn backwards behind the upper
fragment by the Triceps. This injury may be diagnosed from dislocation by the increased
mobility in fracture, the existence of crepitus, and the fact of the deformity being remedied
by extension, on the discontinuance of which it is reproduced. The age of the patient is
dorsi,

—

;

;

;
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of importance in distinguishing this form of injury from separation of the epiphysis.
If
fracture occui's in the opposite direction to that shown in the accompanying figure, the
lower fragiment is drawn upwards and forwards, causing a considerable prominence in
front ; and. the upper fr-agment projects backwards beneath the tendon of the Triceps

muscle.
Fracture of the olecranon ^yrocess (fig. 360) is a frequent accident. The detached
fragment is displaced upwards, by the action of the Triceps muscle, from half an inch to
two inches the prominence of the elbow
Fig. 360.- Fracture of the olecranon,
is consequently lost, and a deep hollow is
felt at the back part of the joint, which is
much increased on flexing the limb. The
patient at the same time loses, more or
less, the power of extending the forearm.
The treatment consists in relaxing the
Triceps by extending the limb, and retaining it in the extended position by
means of a long straight splint applied to
the front of the arm the fragments are
thus brought into close apposition, and
;

—

;

may be

fiurther

approximated hy drawing

down

Union is
the upper fragixient.
generally ligamentous.
Fracture of the nech of the radius is
an exceedingly rare accident, and is generally caused

by

direct A'iolence.

Its diag-

soinewhat obscure, on account of
the slight deformity visible, the injured
part being surrounded by a large number
of muscles
but the movements of pronation and siTpination are entirely lost. The upper
fragment is drawn outwards by the Supinator brevis, its extent of displacement being
The lower fragment is drawn forlimited by the attachment of the orbicular ligament.
wards and slightly upwards by the Biceps, and inwards by the Pronator radii teres, its
displacement forwards and upwards being counteracted in some degree by the Supinator
brevis.
The treatment essentially consists in relaxing the Biceps, Supinator brevis, and
Pronator radii teres muscles, by flexing the forearm, and placing it in a position midway
between pronation and supination, extension having been previously made so as to bring
nosis

is

;

the parts in apposition.
In fracture of the radius below the Fig. 361. Fracture of the shaft of the radius,
insertion of the Biceps, but above the
insertion of the Pronator radii teres, the
upper fragment is strongly supinated by
the Biceps and Supinator brevis, and at
the same time drawn forwards and flexed
by the Biceps the lower fragment is in
a state of extreme pronation and drawn
inwards towards the ulna by the pronator.
Thus there is extreme displacement with
very little deformity. In treating such a
fracture the arm must be put up in a
position of supination, otherwise union
In fractures of the
will take place with great impairment of the movements of the hand.
radius below the insertion of the Pronator radii teres (fig. 361), the upper fragment is
drawn upwards by the Biceps, and inwards by the Pronator radii teres, holding a position
midway between pronation and supination, and a degree of fulness in the upper half of
the forearm is thus produced: the lower fi-agment is drawn downwards and inwards
towards the uhaa by the Pronator quadratus, and throvv'n into a state of pronation by the
same muscle at the same time, the Supinator longus, by elevating the styloid process,
into which it is inserted, will serve to depress the upper end of the lower fragment still
more towards the ulna. In order to relax the opposing muscles the forearrn should be
bent, and the limb placed in a position midway between pronation and supination the

—

;

;

;

then easily reduced by extension from the wrist and elbow well-padded splints
should be applied on both sides of the forearm from the elbow to the wrist the hand
being allowed to faU, will, by its own weight, counteract the action of the Pronator quadratus and Supinator longus, and elevate the lower fragment to the level of the upper one.
In fracture of the shaft of the ulna the upper fragment retains its usual position, but
the lower fragment is drawn ovitwards towards the radius by the Pronator quadratus, producing a well-marked depression at the seat of fr-acture, and some ftilness on the dorsal
and pahnar surfaces of the forearm. The fracture is easily reduced by extension from the
wrist and forearm.
The forearm should be flexed, and placed in a position midway
between pronation and suj)mation, and well-padded spHnts applied fi-om the elbow to the
ends of the fingers.
fracture

is

:

;
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In fracture of the shafts of the radius and ulna together, the lower fragments are
drawn upwards, sometimes forwards, sometimes backwards, according to the direction of
the fracture, by the combined actions of the Flexor and Extensor muscles, producing a
degree of fulness on the dorsal or palmar surface of the forearm at the same time the
two fragments are drawn into contact by the Pronator quadratus, the radius being in a
the upper fragment of the radius is drawn upwards and inwards by the
state of pronation
Biceps and Pronator radii teres to a higher level than the ulna the upper portion of the
ulna IS slightly elevated by the Brachialis anticus. The fracture may be reduced by
extension from the wrist and elbow, and the forearm should be placed in the saixie position
;

:

;

as in fractiire of the ulna.
In fracture of the lower end of the radius

(fig.

362) the displacement

which is produced

Fig. 362.— Fracture of the lower end of the radius.

very considerable, and bears some resemblance to dislocation of the carpus backwards,
from which it should be carefully distinguished. The lower fragment is displaced backwards and upwards, but this displacement is probably due to the force of the blow driving
the portion of bone into this position and not to any muscular influence. The upper
fragment projects forwards, often lacerating the substance of the Pronator quadratus, and
is drawn by this ixiuscle into close contact with the lower end of the ulna, causing a projection on the anterior surface of the forearm, immediately above the carpus, from the
flexor tendons being thrust forwards.
This fracture may be distinguished from dislocation
by the deformity being removed on making sufficient extension, when crepitus may be
occasionally detected at the same time, on extension being discontinued, the parts immediately resume their deformed appearance (see also page 246). The age of the patient
will also assist in determining whether the injury is fracture or separation of the epiphysis.
The treatment consists in flexing the forearm, and making powerful extension from the
wrist and elbow, depressing at the same time the radial side of the hand, and retaining
is

;

the parts in that position

by well-padded instol-shajaed

splints.

MUSCLES AND FASCIAE OF THE LOWEE EXTEEMITY
The muscles of the Lower Extremity are subdivided into groups, corresponding with the different regions of the limb.
I.

Iliac Eegion

Psoas magnus.
Psoas parvus.
Iliacus.
II.
I.

Adductor longus.
Adductor brevis.
Adductor magnus.
3.

Thigh

Anterior Femoral Region

Gluteal Region

Gluteus maximus.
Ghiteus medius.
Gluteus minimus.

Tensor vaginge femoris.

Pyriformis.

Sartorius.

Gemellus superior.

Eectus.

Obturator internus.

Vastus externus.
Vastus internus.

Obturator externus.

Crureus.

Quadratus femoris.

Gemellus

inferior.

Subcrureus.
Posterior Femoral Begion
2

Internal Femoral Begion

Biceps.

GraciHs

Semitendinosus.

Pectineus.

Semimembranosus.
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III.
5.

Leg

IV. Foot

Anterior Tihio -fibular Begion

8.

Tibialis anticus.

^

7-,

Superficial

7

t:>

^^^^^iar Begion

^-

First Layer

-^7
WW- fibular Beq 1071

rTT7

•

,

Posterior 1

Dorsal Begion

Extensor brevis digitorum.

Extensor longus digitorum.
Extensor proprius hallucis.
Peroneus tertius.
6.
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Abductor

•

tth

hallucis.
•

1

->•

•

-biexor brevis digitorum.

Layer

Abductor minimi

Gastrocnemius.

digiti.

Second Layer

Plantaris.

Flexor
ixor access
accessorius.
Lumbricales.

Soleus

Deep Layer

Third Layer

Popliteus.

Flexor longus hallucis.
Flexor longus digitorum.

Flexor brevis hallucis.

Adductor obhquus hallucis.
Flexor brevis minimi digiti.
Adductor transversus pedis.
-^

Tibialis posticus.
-n.j

7.

,

•

T-.

iitbular Begion.

Fourth Layer

Peroneus longus.
Peroneus brevis.
I.

The

Interossei.

Muscles and Fascia of the Iliac Eegion

Psoas magnus.

Psoas parvus.

Iliacus.

—

Dissection.
No detailed description is required for the dissection of these muscles. On
the removal of the viscera from the abdomen, they are exposed, covered by the peritoneum
and a thin laj^er of fascia, the iliac fascia.

The iliac fascia * is the aponeurotic layer which lines the back part of the
abdominal cavity, and covers the Psoas and Iliacus muscles throughout their
whole extent. It is thin above, and becomes gradually thicker below as it
approaches the crural arch.
The portion covering the Psoas is attached, above, to the ligamentum arcuatum
internum
internally, by a series of arched processes to the intervertebral
substances, and prominent margins of the bodies of the vertebrge, and to the
upper part of the sacrum the intervals so left, opposite the constricted portions
of the bodies, transmitting the lumbar arteries and filaments of the sympathetic
nerve.
Externally, above the crest of the ilium, this portion of the iliac
fascia is continuous with the anterior lamella of the lumbar fascia (see page
432), but below the crest of the ilium it is continuous with the fascia covering
;

;

the Iliacus.

The portion investing the Iliacus is connected, externally, to the whole
length of the inner border of the crest of the ilium
and internally, to the brim
of the true pelvis, where it is continuous with the periosteum, and at the iliopectineal eminence it receives the tendon of insertion of the Psoas parvus, when
that muscle exists.
External to the femoral vessels, this fascia is intimately
connected to the posterior margin of Poupart's ligament, and is continuous
with" the fascia transversalis.
Internal to the vessels it is attached to the iliopectineal line behind the conjoined tendon, where it is again continuous with the
;

and corresponding to
pass into the thigh, this fascia descends
wall of the crural sheath.
This portion of
the femoral vessels is also attached to the
transversalis fascia

*

;

The student must not confound

(see p. 512).

this fascia

the point where the femoral vessels
behind them forming the posterior
the iliac fascia

which passes behind
beyond the limits

ilio-pectineal line

with the iliac portion of the fascia lata

;
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at this part it is continuous with
of the attachment of the conjoined tendon
The external iliac vessels lie
the pubic portion of the fascia lata of the thigh.
in front of the iliac fascia, but all the branches of the lumbar plexus behind it
it is separated from the peritoneum by a quantity of loose areolar tissue.
;

The Psoas magnus (fig. 364) is a long fusiform muscle placed on the side of
the lumbar region of the spine and margin of the pelvis. It arises fi-om the front
of the bases and lower borders of the transverse processes of the lumbar vertebrse
by five fleshy slips also from the sides of the bodies, and the corresponding
The
intervertebral substances of the last dorsal and all the lumbar vertebrge.
muscle is connected to the bodies of the vertebrae by five slips each slip is
attached to the upper and lower margins of two vertebrae, and to the inter;

;

vertebral substance between them; the slips themselves

being connected by
tendinous arches which extend across the constricted part of the bodies, and
beneath which pass the lumbar arteries and sympathetic nerves.
These
tendinous arches also give origin to muscular fibres, and protect the bloodvessels and nerves from pressure during the action of the muscle.
The first slip
is attached to the contiguous margins of
the last ^o^-sal and first lumbar
vertebrae the last to the contiguous margins of the fourth and fifth lumbar,
and to the intervertebral substance.
From these points the muscle passes
down across the brim of the pelvis, and, diminishing gradually in size,
passes beneath Poupart's ligament, and terminates in a tendon, which, after
receiving the fibres of the Iliacus, is inserted into the lesser trochanter of the
femur.
;

—

Relations.
In the lumbar region. By its anterior surface, which is placed
behind the peritoneum, with the iliac fascia, the ligamentum ai-cuatum internum,
the kidney, Psoas parvus, renal vessels, ureter, spermatic vessels, genito-crural
nerve, and the colon.
By its posterior surface, with the transverse processes of
the lumbar vertebrae, and the Quadratus lumborum, from which it is separated
by the anterior lamella of the lumbar fascia. The anterior crural nerve is
at first situated in the substance of the muscle, and emerges from its outer
border at the lower part. The rest of the lumbar plexus is situated in the posterior
part of the substance of the muscle.
By its inner side, the muscle is in relation
with the bodies of the lumbar vertebrae, the lumbar arteries, the ganglia of the
sympathetic nerve, and their branches of communication with the spinal nerves
the lumbar glands the vena cava inferior on the right, and the aorta on the
left side, and along the brim of the pelvis with the external iliac artery.
In the
thigh it is in relation, in front, with the fascia lata behind, with the capsular
ligament of the hip, from which it is separated by a synovial bursa, which
frequently communicates with the cavity of the joint through an opening of
variable size by its inner border, with the; Pectineus and the femoral artery,
which slightly overlaps it by its outer border, with the anterior crural nerve and
;

;

;

;

;

Iliacus muscle.

The Psoas parvus is a long slender muscle, placed in front of the Psoas
magnus.
It arises from the sides of the bodies of the last dorsal and first
lumbar vertebrae and from the intervertebral substance between them.
It
forms a small flat muscular bundle, which terminates in a long flat tendon,
inserted into the ilio-pectineal eminence and, by its outer border, into the
iliac fascia.
This muscle is often absent, and, according to Cruveilhier, sometimes double.
Relations.

—

covered by the peritoneum, and, at its origin, by the ligait rests on the Psoas magnus.
The Iliacus is a flat, triangular muscle, which fills up the whole of the iliac
fossa.
It arises from the upper two-thirds of this fossa, and from the inner
margin of the crest of the ilium behind, from the iUo-lumbai^ligament, and
base of the sacrum in front, from the anterior superior and antei-ior inferior
spinous processes of the ihum, from the notch between them, and by a few
fibres from the capsule of the hip-joint.
The fibres converge to be inserted
It is

mentum arcuatum internum

;

;

;

;
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tendon

into the outer side of the

into the oblique

aspera.*

of the Psoas,

hne which extends from the

some
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them being prolono-ed
trochanter to the linea

of

lesser

—

Relations.
Within the j^elvis : by its anterior surface, with the iliac fascia,
which separates the muscle from the peritoneum, and with the external cutaneous
nerve on the right side, with the caecum on the left side with the sigmoid

;.-;

;

;

By

posterior surface, with the iliac fossa.
By its inner
border, with the Psoas magnus, and anterior crural nerve.
In the thigh, it is in
relation, by its anterior surface, with the fascia lata, Eectus, and Sartorius
flexure of the colon.

its

behind, with the capsule of the hip-joint, a synovial bursa
Psoas magnus being interposed.

common

to

it

and the

—

Nerves. The Psoas magnus is supplied by the anterior branches of the
second and third lumbar nerves the Psoas parvus, when it exists, is supplied
by the anterior branch of the first lumbar nerve and the Iliacus by the
anterior branches of the second and third lumbar nerves through the anterior
;

;

crural.

—

Actions.
The Psoas and Iliacus muscles, acting from above, flex the thigh
upon the pelvis acting from below, the femur being fixed, the muscles of both
sides bend the lumbar portion of the spine and pelvis forwards.
They also
serve to maintain the erect position, by supporting the spine and pelvis upon
the femur, and assist in raising the trunk when the body is in the recumbent
:

posture.

The Psoas parvus

a tensor of the iliac fascia.

is

—

Surgical Anatomy. In the iliac fascia there is no definite septum between the portions
of fascia covering the Psoas and Iliacus respectively, and the fascia is only connected to the
subjacent muscles by a quantity of loose connective tissue.
abscess forms beneath
this fascia, as it is very apt to do, the matter is contained in an osseo-fibrous cavity which
is closed on aU sides within the abdomen, and is open only at its lower part, where the
fascia is prolonged over the muscle into the thigh.
Abscess within the slieath of the Psoas muscle (Psoas abscess) is generally due to
tuberculous caries of the bodies of the lower dorsal and lumbar vertebrae. When the disease
is in the dorsal region, the matter tracts down the posterior mediastinum, in front of the
bodies of the vertebrae, and, passing beneath the ligamentum arcuatum internum, enters
the sheath of the Psoas muscle, down which it passes as far as the pelvic brim it then
gets beneath the iliac portion of the fascia, and fills up the iliac fossa.
In consequence of
the attachment of the fascia to the pelvic brim, it rarely finds its way into the pelvis, but
passes by a narrow opening under Poupart's ligament into the tliigh, to the outer side of
the femoral vessels. It thus follows that a Psoas abscess may be described as consisting of
four parts: (i) a somewhat narrow channel at its upper part, in the Psoas sheath
(2) a
dilated sac in the iliac fossa ; (3) a constricted neck under Poupart's ligament
and (4) a
dilated sac in the upper part of the thigh.
When the lumbar vertebrae are the seat of the
disease, the matter finds its way directly into the substance of the muscle.
The muscular
fibres are destroyed, and the nervous cords contained in the abscess are isolated and exposed
in its interior
the femoral vessels which lie in front of the fascia remain intact, and the
peritoneum seldom becomes implicated. All Psoas abscesses do not, however, pursue this
course the matter may leave the muscle above the crest of the ilium, and tracking back-

When

;

;

;

;

:

or it may point above Poupart's ligament
follow the course of the iliac vessels into the pelvis, and,
passing through the great sacro-sciatic notch, discharge itself on the back of the thigh or
it may open into the bladder, or find its way into the perinaemn.

wards

may

point in the loin
in the inguinal region
or it
;

{lumbar abscess)

;

may

;

II.

Muscles and Fascia of the Thigh
I.

Anterior Femoral Begioii

Tensor vaginae femoris.
Sartorius.

Vastus externus.
Vastus internus.
Crureus.

Eectus.

Subcrureus.
* The Psoas and Iliacus are sometimes regarded as a single muscle, the lUo-jisoas,
having two heads of origin and a single insertion.
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Dissection.— To expose the muscles and fasciae in this region, make an incision along
Poupart's ligament, from the anterior superior spine of the ilium to the spine of the os pubis
a vertical incision from the centre of this, along the middle of the thigh to below the kneejoint
and a transverse incision from the inner to the outer side of the leg, at the lower
end of the vertical incision. The flaps of integument having been removed, the superficial
and deep fascia? should be examined. The more advanced student should commence the
study of this region by an examination of the anatomy of femoral hernia, and Scarpa's
triangle, the incisions for the dissection of which are marked out in fig. 363.
;

;

The

superficial fascia

forms a continuous layer over the whole of the thigh,
its meshes much fat, and capable of
or more layers, between which are found the superficial

consisting of areolar tissue, containing in

being separated into

tvv^o

vessels

—

Fig. 363.
Dissection of lower
extremity. Front view.

\

1.

Dissection

and nerves.

of

;

in the groin

thick,

superficial fascia

and

layer, best

Scarpa's

limb

and the two layers are separated
from one another by the superficial inguinal
lymphatic glands, the internal saphenous
vein, and several smaller vessels.One of
these two layers, the superficial, is continuous above with the superficial fascia of
The deep layer of the
the abdomen.
it is

femoral hernia,
triangle

It varies in thickness

in different parts of the

a

is

very thin, fibrous

marked on the inner
saphenous vein and

side of

the long
below
Poupart's ligament. It is placed beneath
the subcutaneous vessels and nerves and
upon the surface of the fascia lata. It is

^ 12

2.

Front of thigh

intimately adherent to the fascia lata a
l)elow Poupart's ligament.

Front of

4

leg

Dorsum of foot

little

covers the
saphenous opening in the fascia lata, being
closely united to its circumference, and is
connected to the sheath of the femoral
vessels, corresponding to its under surface.
The portion of fascia covering this aperture
is perforated by the internal saphenous
vein and by numerous blood and lyraphatic
vessels, hence it
has been termed the
cribriform fascia, the openings for these
vessels having been likened to the holes
in a sieve.
The cribriform fascia adheres
closely both to the superficial fascia and to
the fascia lata, so that it is described by
some anatomists as part of the fascia
lata, but is usually considered (as in this
work) as belonging to the superficial fascia.
It is not until the cribriform fascia has
It

been cleared away that the saphenous
opening is seen, so that this opening does
not in ordinary cases exist naturally, but is the result of dissection.
Mr.
Callender, however, speaks of cases in which, probably as the result of pressure
from enlarged inguinal lymphatic glands, the fascia has become atrophied, and a
saphenous opening exists independent of dissection. A femoral hernia in passing
through the saphenous opening receives the cribriform fascia as one of its
coverings.
A large subcutaneous bursa is found in the superficial fascia over
the patella.

The deep

fascia of the thigh is exposed on the removal of the superficial
named, from its great extent, the fascia lata
it forms a uniform
investment for the whole of this region of the limb, but varies in thickness in
fascia,

and

is

;

OF THE THIGH
different parts

;

thus,

it is

thicker in the

upper and outer part of the thigh, where
it receives a fibrous expansion from the
Gluteus maximus muscle, and where the

511

—

Fig. 364. Muscles of the iliac and
anterior femoral regions.
/ioir

Tensor vaginae femoris is inserted between
its layers it is very thin behind, and at the
upper and inner part where it covers the
Adductor muscles, and again becomes
stronger around the knee, receiving
:

from the tendon of
and from the
Sartorius internally, and Quadriceps ex-

fibrous expansions

the Biceps

externally,

The

tensor cruris in front.

3tel

fascia lata

attached, above and behind, to the
exback of the sacrum and coccyx

is

;

in
the ilium
front, to Poupart's ligament, and to the
body of the os pubis and internally,
to the descending ramus of the os pubis,
to the ascending ramus and tuberosity
of the ischium, and to the lower border
ternally, to the

crest of

;

[sm

;

of the great sacro-sciatic ligament.

From

attachment to the crest of the ilium
it passes down over the Gluteus mediiis
muscle to the upper border of the Gluteus
maximus, where it splits into two layers,
one passing superficial to and the other
At the lower
beneath this muscle.
border of the muscle the two layers reunite.
Externally, just below the great

its

•

trochanter, the fascia lata

receives the

greater part of the tendon of insertion of
the Gluteus maximus, and becomes pro-

portionately thickened.
the fascia lata

part

arising

The portion

of

from the front

the crest of the ilium, corre-

of

sponding to the origin of the Tensor
vaginae femoris, passes down the outer
side of the thigh as two layers, one
superficial and the other beneath this
muscle these at its lower end become
blended together into a thick and strong
band, having first received the insertion
of the muscle.
This band is continued
;

downwards, under the name

of the ilio-

hand, to be inserted into the external tuberosity of the tibia.
Below,
the fascia lata is attached to all the
tihial

^S'A

prominent points around the knee-joint,
the condyles of the femur, tuberosities
and head of the fibula. On
each side of the patella it is strengthened
by transverse fibres given off from the
lower part of the Vasti muscles, which

viz.

of the tibia,

and support this bone.
Of these the outer is the stronger, and
is continuous with the ilio-tibial band.

are attached to

\\

f:
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the inner surface of the fascia lata are given off two strong intermuscular
which are attached to the whole length of the linea aspera and its prolongations above and below the external and stronger one, which extends from

From

septa,

:

the insertion of the Gluteus maximus to the outer condyle, separates the Vastus
externus iii front from the short head of the Biceps behind, and gives partial
the inner one, the thinner of the two, separates the
origin to these muscles
;

Vastus internus from the Adductor and Pectineus muscles.
are

numerous smaller

septa, separating the individual

Besides these there
muscles, and enclosing

each in a distinct sheath.
At the upper and inner part of the thigh, a little below Poupart's ligament,
a large oval-shaped aperture is observed after the superficial fascia has- been
cleared off it transmits the internal saphenous vein, and other smaller vessels,
and is termed the saplienous opening. In order more correctly to consider the
mode of formation of this aperture, the fascia lata in this part of the thigh is
described as consisting of two portions, an iliac portion and a pubic portion.
:

The

iliac 'portion is all that part of

the fascia lata on the outer side of the

It is attached, externally, to the crest of the ilium

saphenous opening.

and

its

anterior superior spine, to the whole length of Poupart's ligament as far internally

the spine of the os pubis, and to the pectineal line in conjunction with
Gimbernat's ligament. From the spine of the os pubis it is reflected downwards
and outwards, forming an arched margin, the falciform ptrocess or boundary
{superior cornu) of the saphenous opening; this margin overlies and is adherent
to its edge is attached
to the anterior layer of the sheath of the femoral vessels
the cribriform fascia and, below, it is continuous with the pubic portion of the
as

:

;

fascia lata.

The imhic portion is situated at the inner side of the saphenous opening at
the lower margin of this aperture it is continuous with the iliac portion
traced
upwards, it covers the surface of the Pectineus, Adductor longus, and Gracilis
;

;

"

muscles, and, passing behind the sheath of the femoral vessels, to which it is
closely united, is continuous with the sheath of the Psoas and Iliacus muscles,
and is attached above to the ilio-pectineal line, where it becomes continuous with
From this description it may be observed that the iliac portion
the iliac fascia.
of the fascia lata passes in front of the femoral vessels, and the pubic portion
behind them, so that an apparent aperture exists between the two, through which
the internal saphenous joins the femoral vein.*

The
effected

fascia should

by pinching

be removed from the surface of the muscles. This may be
up between the forceps, dividing it, and separating it from each

now

it

muscle in the course of

its fibres.

The Tensor vaginse femoris arises from the anterior part of the outer lip of
the crest of the ilium, from the outer surface of the anterior superior spinous
process, and part of the outer border of the notch below it, between the Gluteus
medius and Sartorius, and from the surface
It is inserted between two layers

covering the Gluteus
about one-fourth
down the outer side of the thigh. From the point of insertion the fascia is
continued downwards to the head of the tibia as a thickened band, the ilio-tihial
hand.
Relations.
By its superficial surface, with the fascia lata and the integument.
By its deep surface, with the Gluteus medius, Eectus femoris, Vastus externus,
and the ascending branches of the external circumflex artery. By its anterior
border, with the Sartorius, from which it is separated below by a triangular space,
in which is seen the Rectus femoris.
By its posterior border, with the Gluteus
medius.
The Sartorius, the longest muscle in the body, is flat, narrow, and ribbon-like
it arises by tendinous fibres from the anterior superior spinous process of the

medius.

of the fascia

of the fascia lata

—

;

*

These parts

will be a^ain

more

particularly described with the

anatomy

of Hernia.

—

;
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ilium and the upper lialf of the notch below it, passes obliquely across the upper
and anterior part of the thigh, from the outer to the inner side of the limb, then

descends vertically, as far as the inner side of the knee, passing behind the inner
condyle of the femur, and terminates in a tendon, which, curving obliquely
forwards, expands into a broad aponeurosis, inserted into the upper part of the
inner surface of the shaft of the tibia, nearly as far forwards as the crest.
This
expansion is inserted into the bone by an inverted U-shaped aponeurosis; part
of it is inserted behind the attachment of the Gracilis and Semitendinosus, and
another part, arching over the upper border of the tendon of the Gracilis, is
inserted into the tibia in front of these muscles.
An offset is derived from the
upper margin of this aponeurosis, which blends with the fibrous capsule of the
knee-joint, and another, given off from its lower border, blends with the fascia
on the inner side of the leg.
The relations of this muscle to the femoral artery should be carefully examined,
In the upper third of the
as it constitutes the chief guide in tying the vessel.
thigh it forms the outer side of a triangular space, Scarpa's triangle, the inner
side of which is formed by the Adductor longus, and the base, turned upwards,
by Poupart's ligament the femoral artery passes perpendicularly through the
middle of this space from its base to its apex. In the middle third of the thigh,
the femoral artery lies first along the inner border, and then behind the Sartorius.
Relations.
By its superficial surface, with the fascia lata and integument.
By its deep surface, with the Eectus, Iliacus, Psoas, Vastus internus, anterior
crural nerve, sheath of the femoral vessels, Adductor longus. Adductor magnus.
Gracilis, Semitendinosus, long saphenous nerve, and internal lateral ligament of
;

—

the knee-joint.

The Quadriceps extensor includes the

four remaining muscles on the front of
Extensor muscle of the leg, forming a large fleshy
mass, which covers the front and sides of the femur, being united below into a
single tendon, attached to the patella, and above, subdivided into separate portions,
which have received distinct names. Of these, one occupying the middle of the
thigh, connected above with the ilium, is called the Rectus femoris, from its
straight course.
The other divisions lie in immediate connection with the shaft
The portion
of the femur, which they cover from the trochanters to the condyles.
on the outer side of the femur is termed the Vastus externus that covering the
and that covering the front of the femur, the
inner side, the Vastus internus
Crureus.
The two latter portions are, however, so intimately blended as to form
but one muscle.
The Rectus femoris is situated in the middle of the anterior region of the
thigh it is fusiform in shape, and its superficial fibres are arranged in a bipenniform manner, the deep fibres running straight down to the deep aponeurosis. It
arises by two tendons
one, the straight tendon, or short head, from the anterior
inferior spinous process of the ilium; the other is flattened, and curves outwards,
this is the reflected
to be attached to a groove above the brim of the acetabulum
it unites with the straight tendon at an
tendon, or long head, of the Eectus
acute angle, and then spreads into an aponeurosis, from which the muscular
fibres arise.*
The muscle terminates in a broad and thick aponeurosis, which
occupies the lower two-thirds of its posterior surface, and, gradually becoming
narrow^ed into a flattened tendon, is inserted into the patella in common with the
the thigh.

It is the great

;

;

;

:

;

;

Vasti and Crureus.

Relations.~By its superficial surface, with the anterior fibres of the Gluteus
minimus, the Tensor vaginas femoris, the Sartorius, and the Psoas and Ihacus

W. E. Williams, in an interesting paper in the Journ. of Anat. and Phijs. vol.
204, points out thai the reflected tendon is the real origin of the muscle, and is
alone present in early IVfital fife.
The direct tendon is merely an accessory band_ of
condensed fascia. The paper will well repay perusal, though in some particulars I thinii
the description in the text more generally accurate. Ed.
*

Mr.

xiii. p.
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by

its

lower three-fourths, with the fascia

lata.

By

its ijosterior

surface, with the

and the Crureus and Vasti muscles.
The three remaining muscles have been described collectively by some
anatomists, separate from the Eectus, under the name of the Triceps extensor

hip-joint, the external circumflex vessels,

cruris.

The Vastus externus

is

the largest part of the Quadriceps extensor.

It arises

by a broad aponeurosis, which is attached to the tubercle of the femur, to the
anterior and inferior borders of the great trochanter, to a rough line leading from
the trochanter major to the linea aspera, and to the outer lip of the linea aspera
this aponeurosis covers the upper three-fourths of the muscle, and from its inner
A few additional fibres arise from the tendon of the
surface many fibres arise.
Gluteus maximus, and from the external intermuscular septum between the
Vastus externus and short head of the Biceps. The fibres form a large fleshy
mass, which is attached to a strong aponeurosis, placed on the under surface of
the muscle at its lower part this becomes contracted and thickened into a fiat
tendon, which is inserted into the outer border of the patella, blending with the
:

great extensor tendon.

— By

Tensor vaginae
separated by
a synovial bursa. By its deep surface, with the Crureus, some large branches of
the external circumflex artery and anterior crural nerve being interposed.
The Vastus internus and Crureus are so inseparably connected together as to
form but one muscle, as which it will be accordingly described. It is the smallest
The anterior portion of it, covered by the
portion of the Quadriceps extensor.
the internal portion, which lies immediately
Eectus, is called the Crureus
beneath the fascia lata, the Vastus internus. It arises by an aponeurosis, which
is attached to the lower part of the line that extends from the inner side of the
neck of the femur to the linea aspera, from the inner lip of the linea aspera, from
the ridge leading from the linea aspera to the internal condyle and internal intermuscular septum. It also arises from nearly the whole of the internal, anterior,
and external surfaces of the shaft of the femur, limited, above, by the line between
the two trochanters, and extending, below% to wdthin the lower fourth of the
From these different origins, the fibres converge to a broad aponeurosis,
bone.
which covers the anterior surface of the middle portion of the muscle (the Crureus),
and the deep surface of the inner division of the muscle (the Vastus internus),
and which gradual^ narrows dov;n to its insertion into the patella, where it
blends with the other portions of the Quadriceps extensor. The muscular fibres
of the Vastus internus extend lower down than those of the Vastus externus, so
that the capsule of the joint is less covered with muscular fibres on the outer
than on the inner side.
Relations.
By its superficial surface, with the Psoas and Iliacus, the Eectus,
Sartorius, Pectineus, Adductors, and fascia lata, femoral vessels, and saphenous
nerve.
By its deep surface, with the femur, Subcrureus, and synovial membrane
Relations.

its

femoris, the fascia lata,

superficial surface, with the Eectus, the

and the Gluteus maximus, from which

it is

;

—

of the knee-joint.

The student will observe the striking analogy that exists between the Quadriceps extensor and the Triceps muscle in the upper extremity.
So close is this
similarity that M. Cruveilhier has described it under the name of the Triceps
Like the Triceps extensor culDiti, it consists of three distinct divisions,
femoralis.
or heads
a middle or long head, the Eectus, analogous to the long head of the
Triceps, attached to the ilium, and two other portions, which may be called the
external and internal heads of the Triceps femoralis.
These, it will be noticed,
are strictly analogous to the outer and inner heads of the Triceps in the arm.
The tendons of the different portions of the Quadriceps extensor unite at the
lower part of the thigh, so as to form a single strong tendon, which is inserted
into the upper part of the patella, some few fibres passing over it to blend wdth
the ligamentum patellae. More properly, the patella may be regarded as a
sesamoid bone, developed in the tendon of the Quadriceps and the ligamentum
:

;
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continued from the lower part of the patella to the tuberosity
proper tendon of insertion of the muscle. A synovial bursa,
the post-patellar lursa, is interposed between the tendon and the upper part of
and another, the prepatellar bursa, is placed over
the tuberosity of the tibia
This latter bursa often becomes enlarged, constituting housethe patella itself.
maid's knee.'
The Subcrureiis is a small muscle, usually distinct from the Crureus, but
occasionally blended with it, which arises from the anterior surface of the lower
part of the shaft of the femur, and is inserted into the upper part of the cul-desac of the capsular ligament which projects upwards beneath the Quadriceps for
patellae,

is

of the tibia, as the

;

'

It sometimes consists of several separate muscular bundles.
Tensor vaginae femoris is supplied by the fourth and fifth
lumbar and first sacral nerves through the superior gluteal nerve the other
muscles of this region, by the second, third, and fourth lumbar nerves, through
branches of the anterior crural.
Actions.
The Tensor vaginae' femoris is a tensor of the fascia lata continuing
its action, the oblique direction of its fibres enables it to abduct and to rotate the
thigh inwards. In the erect posture, acting from below, it will serve to steady
the pelvis iipon the head of the femur and by means of the ilio-tibial band it
steadies the condyles of the femur on the articular surfaces of the tibia, and
assists the Gluteus maximus in supporting the knee in the extended position.

a varial)le distance.

Herves,

— The

;

—

;

;

upon the thigh, and, continuing to act, flexes the
next rotates the thigh outwards. It was formerly
supposed to adduct the thigh, so as to cross one leg over the other, and hence
received its name of Sartorius, or tailor's muscle {sartor, a tailor), because it was
supposed to assist in crossing the legs in the squatting position. When the knee
is bent, the Sartorius assists the Semitendinosus, Semimembranosus, and Popliteus
in rotating the tibia inwards.
Taking its fixed point from the leg, it flexes the
The Sartorius

flexes the leg

thigh upon the pelvis

;

it

upon the thigh, and, if one muscle acts, assists in rotating the pelvis.
The Quadriceps extensor extends the leg upon the thigh. The Rectus muscle
assists the Psoas and Iliacus in supporting the pelvis and trunk upon the femur,

pelvis

or in

bending

it

forwards.

—

Sitrgical Anatomy.
A few fibres of the Rectus muscle are liable to be ruptured from
severe strain. This accident is especially liable to occiu' diu'ing the games of football and
cricket, and is sometimes known as
cricket thigh.'
The patient experiences a sudden
pain in the part, as if he had been struck, and the Rectus muscle stands out and is felt
to be tense and rigid.
The accident is often followed by considerable swelling from
inflammatory effusion. Occasionally the Quadriceps extensor may be torn away from its
insertion into the patella or the tendon of the patella may be ruptured about an mch
above the bone. This accident is caused in the same manner as fracture of the patella by
muscular action is produced, viz. by a violent muscular elfort to prevent falling whilst the
knee is in a position of semiflexion. A distinct gap can be felt above the patella, and,
owmg to the retraction of the muscular fibres, union may fail to take place.
'

;

2.

Internal Femoral Region

Adductor longus.
Adductor brevis.

Gracilis.

Pectineus.

Adductor magnus.

—

Dissection.
These muscles are at once exposed by removing the fascia from the fore
part and inner side of the thigh.
The lirab should be abducted, so as to render the
muscles tense and easier of dissection.

The
of

364, 367) is the most superficial muscle on the inner side
and flattened, broad above, narrow and tapering below.
a thin aponeurosis between two and three inches in breadth, from the

Gracilis

the thigh.

It arises

by

(figs.

It is thin

lower half of the margin of the symphysis and the inner margin of the descending
ramus of the os pubis. The fibres pass vertically downwards, and terminate in
L L 2
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rounded tendon, which passes behind the internal condyle of the femur, and,
curving round the inner tuberosity of the tibia, becomes flattened, and is inserted
into the upper part of the inner surface
of the shaft of the tibia, below the
Fig. 365. Deep muscles of the internal
femoral region.
tuberosity.
A few of the fibres of the
lower part of the tendon are prolonged
into the deep fascia of the leg.
The
a

—

tendon

of this

muscle

is

situated

imme-

diately above that of the Semitendinosus,

and

surrounded by the tendon

is

Sartorius with

which it

is

of the

in part blended.

As it passes across the internal lateral
ligament of the knee-joint, it is separated
from it by a synovial bursa common
to it and the Semitendinosus muscle.
Relations.

—By

its

superficial surface,

with the fascia lata and the Sartorius
below
the internal saphenous vein
crosses it obliquely near its lower part,
;

The

lying superficial to the fascia lata.

saphenous nerve emerges between its tendon and that of the Sartorius.
By its deep surface, with the
AddiTctor brevis and the Adductor
magnus, and the internal lateral ligament
internal

of the knee-joint.

The Pectineus (fig. 364) is a flat,
quadrangular muscle, situated at the
anterior part of the upper and inner
aspect of the thigh. It arises from the
linea ilio-pectinea, from the surface of
bone in front of it, between the pectineal
eminence and spine of the os pubis, and
from the fascia covering the anterior
the fibres pass
surface of the muscle
downwards, backwards, and outwards,
to be inserted into a rough line leading
from the lesser trochanter to the linea
;

asp era.
Relations.

— By

its

anterior surface,

with the pubic portion of the fascia lata,
which separates it from the femoral
vessels
its

and internal saphenous

vein.

By

posterior surface, with the capsular

ligament of the hip-joint, the Adductor
brevis and Obturator externus muscles,
the obturator vessels and nerve being
interposed.
By its outer border, with
the Psoas, a cellular interval separating
them, through which passes the internal
circumflex vessels. By its inner border,
wdth the margin of the Adductor longus.

The Adductor longus, the most

super-

the three Adductors, is a fiat
triangular muscle, lying on the same
plane as the Pectineus. It arises, by a flat narrow tendon, from the front of
the OS pubis, at the angle of junction of the crest with the symphysis
and
ficial of

;
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soon expands into a broad fleshy belly, which, passing downwards, backwards,
and outwards, is inserted, by an aponeurosis, into the linea aspera, between
the Vastus internus and the Adductor magnus, with which it is usually blended.
Relations.— By its anterior surface, with the fascia lata, the Sartorius, and,
near its insertion, with the femoral artery and vein. By its posterior surface,
with the Adductor brevis and magnus, the anterior branches of the obturator
nerve, and with the profunda artery and vein near its insertion.
By its outer
border, with the Pectineus.
By its inner border, with the Gracilis.

The Pectineus and Adductor longus should now be divided near their origin, and
turned downwards, when the Adductor brevis and Obturator externus will be exposed.

The Adductor brevis is situated immediately behind the two preceding muscles.
somewhat triangular in form, and arises by a narrow origin from the outer
surface of the body and descending ramus of the os pubis, between the Gracihs
and Obturator externus. Its fibres, passing backwards, outwards, and downIt is

wards, are inserted, by an aponeurosis, into the lower part of the line leading
from the lesser trochanter to the linea aspera and the upper part of the linea
aspera, immediately behind the Pectineus and upper part of the Adductor longus.
Relations.
By its anterior surface, with the Pectineus, Adductor longus,
profunda femoris artery, and anterior branches of the obturator nerve. By its
posterior surface, with the Adductor magnus, and posterior branch of the obturator
nerve.
By its outer border, with the Obturator externus, and conjoined tendon
of the Psoas and Iliacus.
By its inner border, with the Gracilis and Adductor
magnus. This muscle is pierced, near its insertion, by the middle perforating
branch of the profunda femoris artery.

—

brevis should now be cut away near its origin, and turned outwards,
the entire extent of the Adductor magnus will be exposed.

The Adductor

when

The Adductor magnus

is a large triangular muscle, forming a septum between
and those on the back of the thigh. It arises from a
small part of the descending ramus of the os pubis, from the ascending ramus of
the ischium, and from the outer margin and under surface of the tuberosity of
the ischium.
Those fibres which arise from the ramus of the os pubis are very
short, horizontal in direction, and are inserted into the rough line leading from

the muscles on the inner

the great trochanter to the linea aspera, internal to the Gluteus maximus those
from the ramus of the ischium are directed downwards and outwards with
different degrees of obliquity, to be inserted, by means of a broad aponeurosis,
;

into the linea aspera

and the upper part

of its internal prolongation below.

The

internal portion of the muscle, consisting principally of those fibres which arise
from the tuberosity of the ischium, forms a thick fleshy mass consisting of coarse

bundles which descend almost vertically, and terminate about the lower third of
the thigh in a rounded tendon, which is inserted into the Adductor tubercle on
the inner coirdyle of the femur, being connected by a fibrous expansion to the

hne leading upwards from the tubercle to the linea aspera. Between the two
portions of the muscle an interval is left, tendinous in front, fleshy behind, for

The external portion
the passage of the femoral vessels into the popliteal space.
of the muscle at its attachment to the femur presents three or four osseoaponeurotic openings, formed by tendinous arches attached to the bone, from
which muscular
of the

The three superior of these apertures are for the
and the fourth, when it exists, for the terminal branch

fibres arise.

three perforating arteries,

profunda.

—

B5' its anterior surface, with the Pectineus, Adductor brevis,
Adductor longus, and the femoral and profunda vessels and obturator nerve. By
its posterior surface, with the great sciatic nerve, the Gluteus maximus, Biceps,
Relations.

Semitendinosus, and Semimembranosus. By its sujjerior or shortest border it
with the Quadratus femoris, the internal circumflex artery passing

lies parallel

;
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between them. By its internal or longest border, with the Gracihs, Sartorius,
and fascia lata. By its external or attached harder, it is inserted into the femur
behind the Adductor brevis and Adductor longus, which separate it from the
Vastus internus and in front of the Gluteus maximus and short head of the
Biceps, which separate it from the Vastus externus.
Nerves. The three Adductor muscles and the Gracilis are supphed by the
the Adductor
third and fourth lumbar nerves through the Obturator nerve
magnus receiving an additional branch from the sacral plexus through the great
The Pectineus is supplied by the second, third, and fourth lumbar nerves
sciatic.
through the anterior crural from the third and fourth lumbar nerves by the
obturator and by the accessory obturator, from the third lumbar, when it exists.*
The Pectineus and three Adductors adduct the thigh powerfully
Actions.
they are especially used in horse exercise, the flanks of the horse being grasped
between the knees by the actions of these muscles. In consequence of the
;

—

;

;

—

obliquity of their insertion into the linea aspera, they rotate the thigh outwards,

and when the limb has been abducted, they
inwards, carrying, the thigh across that of the opposite side. The
Pectineus and Adductor brevis and longus assist the Psoas and Iliacus in flexing
In progression, also, all these muscles assist in
the thigh upon the pelvis.
drawing forwards the hinder limb. The Gracilis assists the Sartorius in flexing
the leg and rotating it inwards it is also an adductor of the thigh. If the lower
extremities are fixed, these muscles may take their fixed point from below^ and
or, if their
act upon the pelvis, serving to maintain the body in an erect posture
action is continued, to flex the pelvis forwards upon the femur.
assisting the external Eotators,

draw

it

;

;

—

Surgical Anatomy. The Adductor longiTs is liable to be severely strained in those
ride much on horseback, or its tendon to be ruptured by suddenly gripping the saddle.
And, occasionally, especially in cavalry soldiers, the tendon may become ossified, con-

who

stituting the

'

rider's bone.'
3.

Gluteal Begion

Gemellus superior.

Gluteus maximus.
Gluteus medius.
Gluteus minimus.

Obturator internus.

Pyriformis.

Obturator externus.

Gemellus

inferior.

Quadratus femoris.

—

The subject should be turned on its face, a block placed beneath
328).
the buttocks tense, and the limbs allowed to hang over the end of the
Make an incision through the
table, with the foot mverted, and the thigh abducted.
integument along the crest of the ilium to the middle of the sacrum and thence downwards
to the tip of the coccyx, and carry a second mcision from that point obliquely downwards
and outwards to the outer side of the thigh, four inches below the great trochanter. The
portion of integument included between these incisions is to be removed in the direction
shown in the figure.
Dissection

the pelvis to

The

(fig.

make

maximus (fig. 367), the most superficial muscle in the gluteal
and thick fleshy mass, of a quadrilateral shape, which
forms the prominence of the nates. Its large size is one of the most characteristic
points in the muscular system in man, connected as it is with the power he has
Grluteus

region, is a very broad

maintaining the trunk in the erect posture. In structure the muscle is remarkably coarse, being made up of muscular fasciculi lying parallel with one
another, and collected together into large bundles, separated by deep cellular
intervals.
It arises from the superior curved line of the ilium, and the portion
of bone, including the crest, immediately behind it
from the posterior surface
of

;

*

Professor Paterson describes the Pectineus as consisting of two incompletely separated
which the outer or dorsal stratum, which is constant, is supplied by the anterior
crural nerve, or in its absence by the accessory obturator, with which it is intimately related while the inner or ventral stratum, when present, is supplied by the obturator nerve.
strata, of

;

Journal of Anatomy and Physiology,

vol. xxvi. p. 43.

;
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of the lower part of the sacrum, the side of the coccyx, the aponeurosis of the
Erector spinas muscle, and the great sacro-sciatic ligament. The fibres are
directed obliquely downwards and outwards those forming the upper and larger
portion of the muscle, together with the superficial fibres of the lower portion,
terminate in a thick tendinous lamina, which
passes across the great trochanter, and is
Fig. 366. Dissection of lower
inserted into the fascia lata covering the
extremity. Posterior view.
the deeper fibres
outer side of the thigh
of the lower portion of the muscle are
inserted into the rough line leading from
y
the great trochanter to the linea aspera
between the Vastus externus and Adductor
;

—

;

magnus.
Three synovial btirscB are usually found
in relation with this muscle.
One of these,
of large size, and generally multilocular,
A
separates it from the great trochanter.
second, often wanting, is situated on the
tuberosity of the ischium.
A third is found
between the tendon of this muscle and the
Vastus externus.
Relations.

—By

its

superficial

1.

Dissection. of
gluteal region

3.

BacJi of thigh

2.

Popliteal space

1.

Back

surface,

with a thin fascia, which separates it from
the subcutaneous tissue. By its deep surface, from above downwards, with the ilium,
sacrum, coccyx, and great sacro-sciatic ligament, part of the Gluteus medius, Pyri-'
formis, Gemelli, Obtu.rator internus,

Quad-

ratus femoris, the tuberosity of the ischium,

of leg

great trochanter, the origin of the Biceps,

Semitendinosus,
Semimembranosus, and
Adductor magnus muscles.
The gluteal
vessels and superior gluteal nerve are seen
issuing from the pelvis above the Pyriformis
muscle, the sciatic and internal pudic vessels
and nerves, and muscular branches from
the sacral plexus below it.
Its upper border
is thin, and connected with the Gluteus
medius by the fascia lata. Its loiver border
is free and prominent.

5.

Sole of foot

Dissection.— 'Row divide the Ghiteiis maximus near its origin by a vertical incision
from its upper to its lower border a cellular interval will be exposed, separating
The upper portion of
it from the Gluteus medius and External rotator muscles beneath.
the muscle is to be altogether detached, and the lower portion turned outwards the loose
carried

;

;

areolar tissue falling up the interspace between the trochanter major and tuberosity of the
ischiiim being removed, the parts already enumerated as exposed by the removal of this
muscle will be seen.

The Gluteus medius
surface of the pelvis.

is

a broad, thick, radiated muscle, situated on the outer
by the Gluteus maximus

Its posterior third is covered

by the fascia lata, which separates it from the integument.
from the outer surface of the ilium, between the superior and middle
curved hnes, and from the outer lip of that portion of the crest which is between
them; it also arises from the dense fascia (Gluteal aponeurosis) covering its
outer surface.
The fibres converge to a strong flattened tendon, which is inserted

its

anterior two-thirds

It arises

which traverses the outer surface of the great trochanter.
synovial bursa separates the tendon of the muscle from the surface of the
trochanter in front of its insertion.

into the oblique fine

A

:
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Fig. 367.

— Muscles of the hip and thigh.

Relations.—

By

its siqye^--

ficialstirface,withthe Gluteus

maximus
vaginae

behind, the Tensor
femoris and deep

By its deep
the Ghiteus
minimus and the gluteal vessels and
superior gluteal
nerve. Its anterior border is
fascia in front.

with

surface,

blended with the Gluteus
minimus. Hb posterior border
lies parallel with the Pyrithe

formis,

gluteal

vessels

intervening.
This muscle should

now

be

insertion and
turned upwards, when the Gluteus minimus will be exposed.

divided near

its

The Gluteus minimus, the
smallest of the three Glutei,
placed immediately beneath the preceding. It is
fan-shaped, arising from the
is

outer surface of the ilium,

between the middle and inferior curved lines, and behind, from the margin of the
notch
great sacro-sciatic
the fibres converge to the
deep surface of a radiated
aponeurosis, which, terminating in a tendon, is inserted
into an impression on the
anterior border of the great
trochanter. A synovial bursa
is interposed
between the
tendon and the great trochanter.
Relations.

—By

surface,

ficial

Gluteus

Inner hamstring
tendons
Sartorius
^Gracilis

Semitendinosus

Semimembt avosus

Biceps

the
the

and superior

gluteal nerve.
Outer
hamstring
tendon

super-

and

medius,

gluteal vessels

its

with

By

its

deep

surface, with the ilium, the

reflected tendon of the Eectus

femoris,

and capsular

ment

the hip -joint.

of

anterior

with the
Its

margin

is

Gluteus

liga-

Its

blended
medius.

posterior margin

is

in

contact and sometimes joined
with the tendon of the Pyriformis.

The Pyriformis is a flat
muscle, pyramidal in shape,
lying almost parallel with

;
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It is situated partly within the
the posterior margin of the Gluteus medius.
and partly at the back of the hip-joint. It arises

pelvis at its posterior part,

from the front of the sacrum by three fleshy digitations, attached to the portions
bone between the first, second, third, and fourth anterior sacral foramina, and
also from the grooves leading from the foramina
a few fibres also arise from
the margin of the great sacro-sciatic foramen, and from the anterior surface of
The muscle passes out of the pelvis through
the great sacro-sciatic ligament.
the great sacro-sciatic foramen, the upper part of which it tills, and is inserted
by a rounded tendon into the upper border of the great trochanter, behind,
but often blended with, the tendon of the Obturator internus and Gemelli
of

:

muscles.

—By

anterior surface, loithin the i)elvis, with the Eectum (espethe sacral plexus of nerves, and the branches of the internal
iliac vessels
external to the -pelvis, with the os innominatum and capsular ligament of the hip-joint. By its posterior surface, within the pelvis, with the sacrum

Relations.

cially

on the

its

left side),

;

;

with the Gluteus maximus. By its upper border, with the
Gluteus medius, from which it is separated by the gluteal vessels and superior
gluteal nerve.
By its loioer border, with the Gemellus superior and Coccygeus
the sciatic vessels and nerves, the internal pudic vessels and nerve, and muscular
branches from the sacral plexus, passing from the pelvis in the interval between

and external

to

it,

;

the

two muscles.

The Obturator membrane

is a thin layer of interlacing fibres, which closes the
obturator foramen. It is attached, externally, to the margin of the foramen
internally, to the posterior surface of the ischio-pubic ramus, internal to the inner
margin of the foramen. It is occasionally incomplete, and presents at its upper

and outer part a small canal, which
fibres, for

muscle

is

bounded below by a thickened band of
and nerve. Each Obturator
membrane.
is

the passage of the obturator vessels

connected With this

—The next muscle, as well as the origin

Dissection.
the pelvis

when

is

of the Pyriformis,

can only be seen

divided and the viscera removed.

The Obturator internus, like the preceding muscle, is situated partly within
the cavity of the pelvis, and partly at the back of the hip-joint.
It arises from
the inner surface of the anterior and external wall of the pelvis, around the inner
side of the obturator foramen, being attached to the descending ramus of the os
pubis and the ascending ramus of the ischium, and at the side to the inner
surface of the body of the ischium, between the margin of the obturator foramen
in front, and the great sacro-sciatic notch behind, and to the inner surface of the
ilium below the brim of the true pelvis. It also arises from the inner surface of
the obturator membrane except at its lower part, from the tendinous arch which
completes the canal for the passage of the obturator vessels and nerve and to a

from the obturator layer of the pelvic fascia, which covers it. The
and downwards, and terminate in four or five
tendinous bands, which are found on its deep surface these bands are reflected
slight extent

fibres

are directed backwards

;

angle over the inner surface of the tuberosity of the ischium, .which is
grooved for their reception the groove is covered with cartilage, and lined by
a synovial bursa.
The muscle leaves the pelvis by the lesser sacro-sciatic notch
and the tendinous bands unite into a single flattened tendon, which passes
horizontally outwards, and, after receiving the attachment of the Gemelli, is inserted into the fore part of the inner surface of the great trochanter in front of
the Obturator externus.
A synovial bursa, narrow and elongated in form, is
usually found between the tendon of this muscle and the capsular ligament of
the hip
it occasionally communicates with the bursa between the tendon and
the tuberosity of the ischium, the two forming a single sac.
at a right

:

:

it

In order to display the peculiar appearances presented by the tendon of this muscle,
be divided near its insertion and reflected outwards.

must
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—

Within the pelvis, this muscle is in relation, by its fm^erior surface,
delations.
with the obturator membrane and inner surface of the anterior wall of the pelvis
by its j;os^mo7" s-zw/ace, with the pelvic and obturator fascias, which separate it
from the Levator ani and it is crossed by the internal pudic vessels and nerve.
This surface forms the outer boundary of the ischio-rectal fossa. External to the
pelvis, it is covered by the great sciatic nerve and Gluteus maximus, and rests on
the back part of the hip- joint.
The Gemelli are two small muscular fasciculi, accessories to the tendon of the
Obturator internus, which is received into a groove between them. They are
;

;

called superior

and

inferior.

from the outer surface
the ischium, and passing horizontally outwards becomes blended
with the upper part of the tendon of the Obturator internus, and is inserted with
This muscle is sometimes
it into the inner surface of the great trochanter.

The Gemellus

superior, the smaller of the two, arises

of the spine of

wanting.

—By

the Ghiteus maximus and the
deep surface, with the capsule of the hip-joint.
By its upper harder, with the lower margin of the Pyriformis. By its lower
border, with the tendon of the Obturator internus.
The Gemellus inferior arises from the upper part of the tuberosity of the
ischium, where it forms the lower edge of the groove for the Obturator internus
Relations.

its

siiperficial

and nerves.

sciatic vessels

By

surface, with

its

tendon, and, passing horizontally outwards, is blended with the lower part of the
tendon of the Obturator internus, and inserted with it into the inner surface of
the great trochanter.
Relations.
By its sitperficial surface, with the Gluteus maximus and the
sciatic vessels and nerves.
By its deep surface, with the capsular ligament of

—

By

the hip-joint.

By

its loiver

its

dipper border, with the tendon of the Obturator internus.

border, with the

tendon

of the

Obturator externus and Quadratus

femoris.

The Quadratus femoris is a short, flat muscle, quadrilateral in shape (hence
name), situated between the Gemellus inferior and the upper margin of the
Adductor magnus. It arises from the external lip of the tuberosity of the ischium,
and, proceeding horizontally outwards, is inserted into the upper part of the linea

its

quadrata, that
synovial bursa

is,

the line which -crosses the posterior intertrochanteric line.

is

often found between the under surface of this muscle

lesser trochanter,

which

— By

it

A

and the

covers.

maximus and the sciatic
and nerves. By its anterior surface, with the tendon of the Obturator
externus and trochanter minor, and with the capsule of the hip- joint. By its
upper border, with the Gemellus inferior. Its loioer border is separated from the
Adductor magnus by the terminal branches of the internal circumflex vessels.
Relations.

its

posterior surface, with the Gluteus

vessels

—

Dissectioti.
In order to expose the next muscle (the Obturator externus), it is necessary
remove the Psoas, Iliaciis, Pectineus, and Adductor brevis and longus ixiuscles from the
front and inner side of the tliigh
and the Gluteus maximus and Quadratus femoris from
to

;

the back part.
anterior

Its dissection should, consequently,

be postponed until the muscles of the

and internal femoral regions have been examined.

The Obturator externus (fig. 368) is a flat, triangular muscle, which covers
the outer surface of the anterior wall of the pelvis. It arises from the margin of
bone immediately around the inner side of the obturator foramen, viz. from the
body and ramus of the os pubis, and the ramus of the ischium it also arises
from the inner two-thirds of the outer surface of the obturator membrane, and
from the tendinous arch which completes the canal for the passage of the
;

obturator vessels and nerves. The fibres converging pass backwards, outwards
and upwards, and terminate in a tendon which runs across the back part of the
hip-joint, and is inserted into the digital fossa of the femur.
Relations.

— By

its

anterior

surface,

with

the

Psoas,

Iliacus,

Pectineus,
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Adductor magnus, and Adductor brevis and more externally, with the neck
femur and capsule of the hip-joint. The obturator artery and vein lie
between this muscle and the obturator membrane the superficial part of the
obturator nerve lies above the muscle and the deep branch perforates it. Hj its
posterior surface, with the obturator membrane and Quadratus femoris.
Nerves. The Gluteus maximus is supplied by the fifth lumbar and first and
second sacral nerves through the inferior gluteal nerve from the sacral
plexus the Gluteus medius and minimus, by the fourth and fifth lumbar and
first sacral nerves through the superior gluteal; the Pyriformis is supplied
by the second sacral nerve the Gemellus inferior and Quadratus femoris
by the last lumbar and first sacral nerve the Gemellus superior and Obturator
internus by the first and second sacral nerves, and the Obturator externus by
the second, third, and fourth lumbar nerves through the Obturator.
Actions.
The Gluteus maximus, when it takes its fixed point from the pelvis.
;

of the

;

—

;

;

;

—

Fig. 368.

— Obturator externus muscle.
Museum, Eoyal

(From a preparation in the Hnnterian
College of Surgeons.)

Ant. division obtwiatm nerve

Ant.

inf. iliac sj^me

Ohtuiator mteiy

\

\

Bead

of

femur

Great
trochanter

Post, division

Int. cii cumflex aitery

obturator nerve

Lesser trochanter

extends the femur and brings the bent thigh into a line with the body. Takmg
it and the whole
its fixed point from below, it acts upon the pelvis, supporting
trunk upon the head of the femur, which is especially obvious in standing on one
position
Its most powerful action is to cause the body to regain the erect
leg.
by
action
this
in
assisted
being
backwards,
after stooping, by drawing the pelvis
The Gluteus maximus is a
the Biceps, Semitendinosus, and Semimembranosus.
steadies
tensor of the fascia lata, and by its connection with the iho-tibial band it
extensor
the
when
standing,
during
tibia
the femur on the articular surface of the
and
muscles are relaxed. The lower part of the muscle also acts as an adductor
thigh,
the
abduct
minimus
and
The Gluteus medius
external rotator of the limb.
when the hmb is extended, and are principally caUed into action in supporting
Their
the body on one hmb, in conjunction with the Tensor vaginae femoris.
inwards,
thigh
the
rotate
forwards,
drawing the great trochanter
anterior fibres,

by
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The
in which action they are also assisted by the Tensor vaginae femoris.
remaining muscles are powerful rotators of the thigh outwards. In the sitting

when the thigh is flexed upon the pelvis, their action as rotators ceases,
and they become abductors, with the exception of the Obturator externus, which
When the femur is fixed, the Pyriformis and
still rotates the femur outwards.
Obturator muscles serve to draw the pelvis forwards if it has been inclined
backwards, and assist in steadying it upon the head of the femur.
posture,

4.

Posterior Femoral Begion

Semitendinosus.

Biceps.

Semimembranosus.

—

Dissection (fig. 366). Make a vertical incision along the middle of the thigh, from the
lower fold of the nates to about three inches below the back of the knee-joint, and there
connect it with a transverse incision, carried from the inner to the outer side of the leg.
Make a third incision transversely at the junction of the middle with the lower third of
the thigh. The integument having been removed fi-om the back of the knee, and the
boundaries of the popliteal space examined, the removal of the integument from the
remaining part of the thigh sliould be continued, when the fascia and mu.scles of this
region will be exposed.

The Biceps {Biceps flexor cruris) is a large muscle, of considerable length,
It arises by
situated on the posterior and outer aspect of the thigh (fig. 367).
two heads. One, the long head, arises from the lower and inner facet on the
of the tuberosity of the ischium, by a tendon common to it and the
Semitendinosus, and from the lower part of the great sacro-sciatic ligament. The
femoral, or short head, arises from the outer lip of the linea aspera, between the
Adductor magnus and Vastus externus, extending up almost as high as the infrom the outer prolongation of the linea aspera
sertion of the Gluteus maximus
and from the external intermuscular
to within two inches of the outer condyle
septum. The fibres of the long head form a fusiform belly, which, passing
obliquely downwards and a little outwards, terminates in an aponeurosis which
covers the posterior surface of the muscle, and receives the fibres of the short
head this aponeurosis becomes gradually contracted into a tendon, which is inserted into the outer side of the head of the fibula, and by a small slip into the
lateral surface of the external tuberosity of the tibia.
At its insertion the tendon
divides into two portions, which embrace the long external lateral ligament of
the knee-joint. From the posterior border of the tendon a thin expansion is
given off to the fascia of the leg. The tendon of this muscle forms the outer
hamstring.
Relations.
By its superficial surface, with the Gluteus maximus above, with
the fascia lata and integument in the rest of its extent. By its deep surface,
with the Semimembranosus, Adductor magnus, and Vastus externus, the great
sciatic nerve, and, near its insertion, with the external head of the Gastrocnemius, Plantaris, the superior external articular artery, and the external

back part

;

;

:

—

popliteal nerve.

The Semitendinosus, remarkable for
and inner aspect of the

the great length of

its

tendon,

is

situated

from the lower and inner
facet on the tuberosity of the ischium, by a tendon common to it and the long
head of the Biceps it also arises from an aponeurosis which connects the
adjacent surfaces of the two muscles to the extent of about three inches after
their origin.
It forms a fusiform muscle, which, passing downwards and inwards,
terminates a httle below the middle of the thigh in a long round tendon which
lies along the inner side of the popliteal space, then curves around the inner
tuberosity of the tibia, and is inserted into the upper part of the inner surface of
the shaft of that bone, nearly as far forwards as its anterior border. At its
insertion it gives off from its lower border a prolongation to the deep fascia of
the leg.
This tendon is surrounded l^y the tendon of the Sartorius, and hes
at the posterior

;

thigh.

It arises
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below that of the GraciHs, to which it is united. A tendinous intersection is
usually observed about the middle of the muscle.
Relations.
By its superficial surface, with the Gluteus maximus and fascia
By its clee}:) surface, with the Semimembranosus, Adductor magnus, inner
lata.

—

Gastrocnemius, and internal lateral ligament of the knee-joint.
so called from a membranous expansion on its
anterior and posterior surfaces, is situated at the back part and inner side of the
It arises by a thick tendon from the upper and outer facet on the back
thigh.
part of the tviberosity of the ischium, above and to the outer side of the Biceps
and Semitendinosus, and is inserted into the groove on the inner and back part
of the inner tuberosity of the tibia, beneath the internal lateral ligament.
The
tendon of the muscle at its origin expands into an aponeurosis, which covers the
upper part of its anterior surface from this aponeurosis muscular fibres arise,
and converge to another aponeurosis which covers the lower part of its posterior
The tendon of the muscle at
surface and contracts into the tendon of insertion.
one of these, of considerable size,
its insertion gives off two fibrous expansions
passes upwards and outwards to be inserted into the back part of the outer
condyle of the femur, forming part of the posterior ligament of the knee-joint.
The second is continued downwards to the fascia which covers the Popliteus
muscle. The tendon also sends a few fibres to join the internal lateral ligament

head

of the

The Semimembranosus,

:

;

of the joint.

The tendons

of the

two preceding muscles, with that

of the Gracilis,

form the

inner hamstring.

—By its s-uperficial surface, with the Semitendinosus, Biceps, and
By its deep surface, with the popliteal vessels. Adductor magnus, and

Relations.
fascia lata.

inner head of the Gastrocnemius, from which it is separated by a synovial bursa.
By its inner border, with the Gracilis. By its outer border, with the great sciatic
nerve, and its internal popliteal branch.

— The muscles of
Actions. — The hamstring
Nerves.

this region are supplied

by the

first,

second, and

third sacral nerves through the great sciatic nerve.

muscles flex the leg upon the thigh. When the
knee is semi-fiexed, the Biceps, in consequence of its oblique direction downwards
and outwards, rotates the leg slightly outwards and the Semitendinosus, and to a
;

Semimembranosus, rotate the leg inwards, assisting the PopliteusTaking their fixed point from below, these muscles serve to support the pelvis
upon the head of the femur, and to draw the trunk directly backwards, as in feats
of strength, when the body is thrown backwards in the form of an arch.
When
the leg is extended on the thigh they limit the amount of flexion of the trunk on
slight extent the

the lower limbs.

—

Surgical Anatomy. The tendons of these muscles occasionally require subcutaneous
some forms of spurious ankylosis of tlae knee-joint dependent upon permanent
contraction and rigidity of tlie flexor muscles, or from stiffening of the Hgamentous and
This is effected by putting the
otlier tissues surrounding the joint, the result of disease.
tendon upon the stretch, and inserting a narrow, sliarp-pointed laiife between it and the
skin tlie cutting edge being tlien turned towards the tendon, it sliould be divided, taking
care that tlie wound in tlie skin is not at tlae same time enlarged.
Tlae relation of the
extei-iaal popliteal laerve to the tendon of the Biceps naust always be borne in muid in
division in

:

dividiiag this teiadon.

III.

Muscles and Fascle of the Leg

These may be divided into three groups those on the
posterior, and those on the outer side of the leg.
:

5.

Extensor longus digitorum.
Peroneus tertius.

Extensor proprius hallucis.*
*

There

is
it

on the

Anterior Tibio-fibular Begion

Tibialis anticus.

copied until

anterior, those

no such word as

Hallux, -cis.' It
has become established by usage
'

;

is
it

the result of some ignorant bluiader,
has been thought better, therefore, to
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Pig. 369.

— Muscles

of the front of
the leg.

Dissection (fig. 363).— The knee should be bent,
a block placed beneath it, and the foot kept in an
extended position then make an incision through
the integument in the middle Une of the leg to the
ankle, and continue it along the dorsum of the foot
;

ihe toes.
Make a second incision transversely
across the ankle, and a third in the same direction
across the bases of the toes remove the flaps of
to

;

integument included between these incisions in
order to examine the deep fascia of the leg.

The Deep Fascia
plete investment

of the Leg: forms a com-

the muscles, hut is not
continued over the subcutaneous surfaces of
the bones. It is continuous above with the
fascia lata, receiving an expansion from the
tendon of the Biceps on the outer side, and
from the tendons of the Sartorius, Gracilis,
and Semitendinosus on the inner side in
front, it blends with the periosteum covering
the subcutaneous surface of the tibia, and
with that covering the head and external
malleolus of the fibula below, it is continuous
with the annular ligaments of the ankle. It
is thick and dense in the. upper and anterior
part of the leg, and gives attachment, by its
deep su.rface, to the Tibialis anticus and
Extensor longus digitorum muscles
but
thinner behind, where it covers the Gastrocnemius and Soleus muscles. Over the popliteal space it is much strengthened by transverse fibres, which stretch across from the
inner to the outer hamstring muscles, and it
is here perforated by the external saphenous
vein.
Its deep surface gives off, on the outer
side of the leg, two strong intermuscular septa,
which enclose the Peronei muscles, and
separate them from the muscles on the anterior
to

;

l>AV

;

:

and posterior tibial regions and several smaller
and more slender processes, which enclose the
individual muscles in each region at the same
;

time a broad transverse intermuscular septum,
called the deep transverse fascia of the leg,
intervenes between the superficial and deep
muscles in the posterior tibio-fibular region.

Now remove

the fascia by dividing it in the
direction as the integument, excepting opposite
the ankle, where it should be left entire. Commence

same

According to Lewis and Short the
Allex, masculine
genitive, Allicis,
the great toe, and the correct rendering would beExtensor proprius allicis. It is a rare word, and
Hallex.'
is sometimes spelt, but not so correctly,
It is used by Plautus, in the Poenulus V. v. 31, of
a little inan, as Ave might say a hop-o'-my-thumb.'
Tunc hie amator audes esse, allex viri (To think
of you daring to make up to her, you hop-o'-mythumb !). The word alex,' sometimes spelt allex,'

retain

word

it.

is

;

'

'

'

'

'

'

'

'

a fish sauce,
It is

is

probably a different word altogether.

used by Horace and

Plinj-.

;
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from below, opposite the tendons, and detach

in the

it

Ime

of direction of the miTscular fibres.

The Tibialis anticus is situated on the outer side of the tibia; it is thick and
It arises from the outer tuberosity
fleshy at its upper part, tendinous below.
and upper two-thirds of the external surface of the shaft of the tibia from the
;

membrane

from the deep surface of the
and from the intermuscular septum between it and the Extensor
fascia
the fibres pass vertically downwards, and terminate in a
longus digitorum
tendon, which is apparent on the anterior sm^face of the muscle at the lower
After passing through the innermost compartment of the
third of the leg.
anterior annular ligament, it is inserted into the inner and under surface of the
internal cuneiform bone, and base of the metatarsal bone of the great toe.
Relations.
By its anterior surface, ^ith the fascia, and with the annular
ligament.
By its posterior surface, with the interosseous membrane, tibia,
this surface also overlaps the anterior
ankle-joint, and inner side of the tarsus
tibial vessels and nerve in the upper part of the leg.
By its inner surface, with
By its outer surface, with the Extensor longus digitorum, and
the tibia.
Extensor proprius hallucis, and the anterior tibial vessels and nerve.
The Extensor proprius hallucis is a thin, elongated, and flattened muscle,
situated between the Tibialis anticus and Extensor longus digitorum.
It arises
from the anterior surface of the fibula for about the middle two-fourths of its
extent, its origin being internal to that of the Extensor longus digitorum
it also
The fibres pass
arises from the interosseous membrane to a similar extent.
dovmwards, and terminate in a tendon, which occupies the anterior border of
the muscle, passes through a distinct compartment in the horizontal portion of
the annular ligament, crosses the anterior tibial vessels near the bend of the
ankle, and is inserted into the base of the last phalanx of the great toe.
Opposite the metatarso-phalangeal articulation, the tendon gives off a thin prolongation on each side, which covers the surface of the joint. It usually sends
an expansion, from the inner side of the tendon, to be inserted into the base of
adjoining part

the interosseous

of

;

;

:

—

:

;

the

first

phalanx.

—By its anterior surface, with the fascia, and the anterior annular
By its posterior surface, with the interosseous membrane, fibula, tibia,
ankle-joint, and Extensor brevis digitorum. By its outer side, with the Extensor
Relations.

ligament.

longus digitorum above, the dorsalis pedis vessels and anterior tibial nerve
below. By its inner side, with the Tibialis anticus and the anterior tibial vessels
The muscle is external to the anterior tibial vessels in the upper part
above.
of the leg
but in the lower third its tendon crosses over them, so that it lies
internal to them on the dorsum of the foot.
The Extensor longus digitorum is an elongated, flattened, penniform
muscle, situated the most externally of all the muscles on the fore part of the
from the upper threeleg.
It arises from the outer tuberosity of the tibia
fourths of the anterior surface of the shaft of the fibula from the interosseous
membrane from the deep surface of the fascia and from the intermuscular
septa between it and the Tibialis anticus on the inner, and the Peronei on the
outer side.
The tendon enters a canal in the annular ligament, with the
Peroneus tertius, and divides into four slips, which run across the dorsum of the
foot, and are inserted into the second and third phalanges of the four lesser toes.
The mode in which the tendons are inserted is the following the three inner
tendons opposite the metatarso-phalangeal articulation are joined, on their outer
They all receive a fibrous
side, by a tendon of the Extensor brevis digitorum.
expansion from the Interossei and Lumbricales, and then spread out into a
this
broad aponeurosis, which covers the dorsal surface of the first phalanx
aponeurosis, at the articulation of the first with the second phalanx, divides into
three slips, a middle one, which is inserted into the base of the second phalanx
and two lateral slips, which, after uniting on the dorsal surface of the second
phalanx, are continued onwards, to be inserted into the base of the third.
;

;

;

;

;

:

:
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Relations.

By

ita

—By

its

anterior surface, with the fascia and the annular Hgament.
membrane, ankle-joint, and

posterim' surface, with the fibula, interosseous

Extensor brevig digitorum. By its inner side, with the TibiaHs anticus. Extensor
proprius hallucis, and anterior tibial vessels and nerve. By its outer side, with
the Peroneus longus and brevis.
The Peroneus tertius is a part of the Extensor longus digitorum, and might
be described as its fifth tendon. The fibres belonging to this tendon arise from
the lower fourth of the anterior surface of the fibula from the lower part of the
;

and from an intermuscular septum between it and the
tendon, after passing through the same canal in the
annular ligament as the Extensor longus digitorum, is inserted into the dorsal
surface of the base of the metatarsal bone of the little toe, on its inner side.
This muscle is sometimes wanting.
Nerves.
These muscles are supplied by the anterior tibial nerve.
Actions.
The Tibialis anticus and Peroneus tertius are the direct flexors of
the tarsus upon the leg the former muscle, from the obliquity in the direction
and the latter, acting with the
of its tendon, raises the inner border of the foot
Peroneus brevis and longus, draws the outer border of the foot upwards and the
sole outwards.
The extensor longus digitorum and Extensor proprius hallucis

membrane
Peroneus brevis. The
interosseous

;

—
—

;

;

extend the phalanges of the toes, and, continuing their action, flex the tarsus
leg.
Taking their fixed point from below, in the erect posture, all these
muscles serve to fix the bones of the leg in the perpendicular position, and give
increased strength to the ankle-joint.

upon the

6.

Posterior Tihio-fihular Begion

—

Dissection (fig. 366). ^Make a vertical incision along the middle line of the back ot
the leg, from the lower part of the popliteal space to the heel, connecting it below by a
transverse incision extending between the two malleoli the flaps of integument being
removed, the fascia and muscles should be examined.
;

The muscles
ficial

and deep.

forming the

The

superficial layer constitutes a powerful

calf of the leg.

Their large size

features of the muscular apparatus in
his ordinary attitude

—

two layers supermuscular mass,
the most characteristic

in this region of the leg are subdivided into

and mode

of

direct connection with

of progression.

Superficial

Gastrocnemius.

one

is

man, and bears a

Layer

Soleus.

Plantaris.

The Grastrocnemius

is the most superficial muscle, and forms the greater part
by two heads, Avhich are connected to the condyles of the
femur by two strong flat tendons. The inner head, the larger, and a little the
more posterior, arises from a depression at the upper and back part of the inner
condyle.
The outer head arises from the upper and back part of the external
condyle, inrmediately above the origin of the Popliteus.
Both heads, also, arise
by a few tendinous and fleshy fibres from the ridges which are continued upwards
from the condyles to the linea aspera. Each tendon spreads out into an aponeurosis, which covers the posterior surface of that portion of the muscle to which
it belongs
that covering the inner head being longer and thicker than the
outer.
Prom the anterior surface of these tendinous expansions, muscular fibres
are given off.
The fibres in the median line, which correspond to the accessory
portions of the muscle derived from the bifurcations of the linea aspera, unite at
an angle upon a median tendinous raphe below the remaining fibres converge
to the posterior surface of an aponeurosis which covers the anterior surface of
the muscle, and this, gradually contracting, unites with the tendon of the Soleus,
and forms with it the tendo Achillis.

of the calf.

It arises

;

:

;
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By its superficial surface, with the fascia of the leg, whicli
from the external saphenous vein and nerve. By its' deep surface,

Relations.

separates
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with the posterior ligament of the knee-joint, the Popliteus, Scieus, Plantaris,
and internal popliteal nerve. The tendon of the inner head
corresponds with the back part of the
Fig. 370. -Muscles of tlie back of the
inner condyle, from which it is sepale
Superficial layer.
rated by a synovial bursa, which, in
some cases, communicates with the
The tendon of
cavity of the knee-joint.
the outer head contains a sesamoid

popliteal vessels,

fibro-cartilage (rarely osseous),

where

it

plays over the corresponding outer condyle
and one is occasionally found in
the tendon of the inner head.
;

The Gastrocnemius should be divided
across, just below its origin, and turned downwards, in order to expose the next muscles.

The Soleus

is

a broad

flat

muscle

situated immediately beneath the GasIt has received its name
resemblance in shape to a solefish.
It arises by tendinous fibres from
the back part of the head of the fibula,
and from the upper third of the posfrom the
terior surface of its shaft
oblique line of the tibia, and from the
middle third of its internal border
some fibres also arise from a tendinous
arch placed between the tibial and
fibular origins of the muscle, beneath

trocnemius.

from

its

;

which the popliteal vessels and internal
popliteal nerve pass.

backwards

to

an

The

fibres

aponeurosis

pass

which

covers the posterior surface of the
muscle, and this gradually becoming
thicker and narrower, joins with the

tendon
^^'ith it

of the Gastrocnemius, and forms
the tendo Achillis.

Relations.

— By

its superficial

surface,

with the Gastrocnemius and Plantaris.
By its deep surface, with the Plexor
longus digitorum, Plexor longus halposticus, and posterior
and nerve, from which it
is separated by the transverse intermuscular septum or deep transverse fascia

lucis.

Tibialis

tibial vessels

and

of the leg.

The tendo
don

Tendons of
Pel oneus longus

Achillis, the

common

hrevis

ten-

Gastrocnemius and Soleus,*
is the thickest and strongest tendon in
the body.
It is about six inches in
length, and commences about the middle
of the leg, but receives fleshy fibres on its anterior surface, nearly
of the

to its lower

are by some anatomists classed together
two heads of origin of the Gastrocnemius and the
8oleus constituting the three heads of the Triceps, and the tendo Achillis the single tendon
*

These two muscles with a

common tendon

as one muscle, the Tricejys surce, the
of insertion.

MM

1
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Gradually becoming contracted below, it is inserted into the lower part of
end.
the posterior surface of the os calcis, a synovial bursa being interposed between
The tendon spreads out somethe tendon and the upper part of this surface.
what at its lower end, so that its narrowest part is usually about an inch and a
The tendon is covered by the fascia and the integuhalf above its insertion.
ment, and is separated from the deep muscles and vessels by a considerable
interval filled
superficial to

up with areolar and adipose tissue.
is the external saphenous vein.

Along

its

outer side, but

it,

The Plantaris is an extremely diminutive muscle, placed between the Gastrocnemius and Soleus, and remarkable for its long and delicate tendon. It arises,
from the lower part of the outer prolongation of the linea aspera, and from the
posterior ligament of the knee-joint. It forms a small fusiform belly, about three
or four inches in length, terminating in a long slender tendon which crosses'
obliquely between the two muscles of the calf, and, running along the inner;
j

|

border of the tendo Achillis, is inserted with it into the posterior part of the osl
This muscle is occasionally double, and is sometimes wanting. Occa-!
calcis.
sionally, its tendon is lost in the internal annular ligament, or in the fascia of
the leg.

—
—

These muscles are supplied by the internal popliteal nerve. The;
Nerves.
Soleus receives an additional branch from the posterior tibial.
The muscles of the calf possess considerable power, and are
Actions.
constantly called into use in standing, walking, dancing, and leaping hence the;
In walking, these muscles draw powerfully!
large size they usually present.
upon the os calcis, raising the heel, and with it the entire body, from the
ground the body being thus supported on the raised foot, the opposite limb cari
be carried forwards. In standing, the Soleus, taking its fixed point from belowj
;

;

foot, and prevents the body from falling forwards, to
constant tendency from the superincumbent weight. The
Gastrocnemius, acting from below, serves to flex the femur upon the tibiai
The Plantaris is the rudiment of a large musck,
assisted by the Popliteus.
which exists in some of the lower animals, and which is continued over the oi
In man it is an accessory to thj
calcis to be inserted into the plantar fascia.

steadies the leg

which there

is

upon the
a

or bending the knee if th(
attachment to the posterioj
ligament of the knee-joint, it may pull that ligament backwards during flexion,
and so protect it from being compressed between the two articular surfaces.

Gastrocnemius, extending the ankle
foot is fixed.

if

the foot

is free,

Possibly, acting from below, by

Deep Layer

(fig.

its

371)

Popliteus.

Flexor longus digitorum.

Flexor longus hallucis.

Tibialis posticus.

—

Dissection. -Detach the Soleus from its attachment to the fibula and tibia, and turn
downwards, when the deep layer of muscles is exposed, covered by the deep transver:
fascia of the leg.

The Deep Transverse Fascia of the leg is a broad, transverse, intermusculi
septum, interposed between the superficial and deep muscles in the posteri(
On either side it is connected to the margins of the tibia an
tibio-fibular region.
Above, where it covers the Popliteus, it is thick and dense, and receiv
fibula.
an expansion from the tendon of the Semimembranosus it is thinner in tl
middle of the leg but below, where it covers the tendons passing behind tl
It is continued onwards in the interval between tl
malleoli, it is thickened.
ankle and the heel, where it covers the vessels, and is blended with the intern
annular ligament.
;

;

This fascia should now be removed, commencing from below opposite the tendons,
detaching it from the nmscle.s in the direction of their fibres.

ai
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which forms part of the floor
by a strong tendon about an inch in length,
from a deep depression on the outer side of the external condyle of the femur
and from the posterior ligament of the kneeFig. 371.
Muscles of the back of
and is inserted into the inner twojoint
the leg. Deep layer.
the
surface
above
triangular
of
the
thirds
oblique line on the posterior surface of the
shaft of the tibia, and into the tendinous ex-

The Popliteus

a thin,

is

flat,

triangular muscle,

It arises

the popliteal space.

of

—

;

pansion covering the surface of the muscle.
The tendon of the muscle is covered by that
of the Biceps and the external lateral ligament
it grooves the outer border
of the knee-joint
of the external semilunar fibro-cartilage, and
is invested by the synovial membrane of the

/.
^idyiq

;

knee-joint.

Relations.

—By

the fascia covering

its

superficial surface, with

it,

which separates

it froiia

the Gastrocnemius, Plantaris, popliteal vessels,

By its deep
and internal popliteal nerve.
with the superior tibio-fibular articulation and back of the tibia.
The Flexor longus hallucis is situated on
surface,

the leg, and

the fibular side of

and

superficial

muscles.

largest

It arises

of

is

the most

three

the

next

from the lower two-thirds

the posterior surface of the shaft of the

of

with the exception of an inch at its
from the lower part of the interosseous membrane
from an intermuscular
septum between it and the Peronei, externally
and from the fascia covering the Tibialis
posticus internally.
The fibres pass obliquely
downwards and backwards, and terminate in
a tendon which occupies nearly the whole
length of the posterior surface of the muscle.
This tendon passes through a groove on the
posterior surface of the tibia
it then passes
through another groove on the posterior surface of the astragalus, and along a third
groove, beneath the sustentaculum tali of the

fibula,

lowest part

;

;

;

!

i

I
I

I

i

V

/>>

;

I

where it
between the two heads of the
Plexor brevis hallucis, and is inserted into the
base of the last phalanx of the great toe. The
grooves in the astragalus and os calcis, which
contain the tendon of the muscle, are converted

DS calcis,
I

into the sole of the foot,

funs forwards

'

(

I

j

j

[by tendinous fibres into distinct canals, lined
by synovial membrane; and as the tendon
I

:

crosses the sole of the foot,
:he

common

flexor

Relations.
j,tbe

— By

it is

connected to

by a tendinous
its

slip.

superficial surface, with

Soleus and tendo Achillis, from which

it

N

separated by the deep transverse fascia.
By its deep stcrface, with the fibula. Tibialis

I'iposticus,

the peroneal vessels, the lower part of the interosseous

|tod the ankle-joint.
»vith

By

its

the Tibialis posticus,

outer border, with the Peronei.

and posterior

tibial vessels

By

its

membrane,

inner border,

and nerve.

MM
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(perforans) is situated on the tibial
and pointed, but gradually increases in

The Flexor longus digitorum
the leg.
it

At

its

origin

It arises

descends.

it

is

thin

from the posterior surface

of the shaft of the tibia

side of
size as

imme-

diately below the oblique line, to within three inches of its extremity, internal to
the tilDial origin of the Tibialis posticus some fibres also arise from the fascia
;

covering the Tibialis posticus. The fibres terminate in a tendon, which runs
This tendon
nearly the whole length of the posterior surface of the muscle.
passes behind the internal malleolus, in a groove, common to it and the Tibialis
each tendon being
posticus, but separated from the latter by a fibrous septum
contained in a special sheath lined by a separate synovial membrane. It then
passes obliquely forwards and outwards, crossing over the internal lateral ligament into the sole of the foot (fig. 373), where, crossing superficially to the
;

tendon of the Flexor longus hallucis,* to which it is connected by a strong
tendinous slip, it becomes expanded, is joined by the Flexor accessorius, and
finally divides into four tendons, which are inserted into the bases of the last
phalanges of the four lesser toes, each tendon passing through a fissure in the
tendon of the Flexor brevis digitorum opposite the bases of the first phalanges.
Relations.— J7i the leg by its snperficial sttrface, with the posterior tibial
vessels and nerve, and the deep transverse fascia, which separates it from the
Soleus muscle by its cZeej:* surface, with the tibia and Tibialis posticus. In the
foot, it is covered by the Abductor hallucis and Flexor brevis digitorum, and
crosses superficial to the Flexor longus hallucis.
The Tibialis posticus lies between the two preceding muscles, and is the
most deeply seated of all the muscles in the leg. It commences above by two
pointed processes, separated by an angular interval, through which the anterior
It arises from the whole of
tibial vessels pass forwards to the front of the leg.
the posterior surface of the interosseous membrane, excepting its lowest part
from the outer portion of the posterior surface of the shaft of the tibia, between
the commencement of the oblique line above and the junction of the middle and
lower third of the shaft below and from the upper two-thirds of the internal
some fibres also arise from the deep transverse fascia, and
surface of the fibula
from the intermuscular septa separating it from the adjacent muscles on each
This muscle, in the low^er fourth of the leg, passes in front of the Flexor
side.
longus digitorum, and terminates in a tendon, which passes through a groove
behind the inner malleolus, with the tendon of that muscle, but enclosed in a
separate sheath it then passes through another sheath, over the internal lateral
ligament into the foot, and then beneath the inferior calcaneo-navicular ligament,
and is inserted into the tuberosity of the navicular and internal cuneiform bones.
The tendon of this muscle contains a sesamoid fibro-cartilage, as it passes over
the navicular bone, and gives off fibrous expansions, one of which passes backwards to the sustentaculum tali of the os calcis, others outwards to the middle
and external cuneiform and cuboid, and some forwards to the bases of the
second, third, and fourth metatarsal bones (fig. 374).
Relations.
By its superficial surface, wdth the Soleus, from which it is
separated by the deep transverse fascia, the Flexor longus digitorum, the posterior
tibial vessels and nerve, and the peroneal vessels.
By its cleei^ surface, with the
interosseous ligament, the tibia, fibula, and ankle-joint.
Nerves.— -The Popliteus is supplied by the internal popliteal nerve, the
remaining muscles of this group by the posterior tibial nerve.
Actions.
The Popliteus assists in flexing the leg upon the thigh ; when the
leg is flexed, it will rotate the tibia inwards. It is especially called into action at
the commencement of the act of bending the knee, inasmuch as it produces a
slight inward rotation of the tibia, which is essential in the early stage of this
movement. The Tibialis posticus is a direct extensor of the tarsus upon the leg
acting in conjunction with the Tibialis anticus, it turns the sole of the foot inwards,
:

;

;

;

;

—

—

;

*

That

is,

in

tlie

order of dissection of the sole of the foot.
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antagonising the Peroneus longus, which turns it outwards. The Plexor longus
digitorum and Flexor longus hallucis are the direct flexors of the phalanges, and,
continuingtheir action, extend the foot upon the leg they assist the Gastrocnemius
and Soleus in extending the foot, as in the act of walking, or in standing on tiptoe.
In consequence of the oblique direction of the tendon of the long flexor, the toes
would be drawn inwards, were it not for the Flexor accessorius muscle, which is
inserted into the outer side of its tendon, and di-aws it to the middle line of the
Taking their fixed point from the foot, these muscles
foot during its action.
serve to maintain the upright posture by steadying the tibia and fibula, perThey also serve to raise these bones from
pendicularly, upon the ankle-joint.
the oblique position they assume in the stooping posture.
;

Outer or Fibular Region

7.

Peroneus longus.

Peroneus

brevis.

— The ninscles are

readily exposed, by removing the fascia coverino' their
surface, from below upwards, in the line of direction of their libres.

Dissection.

The Peroneus longus is situated at the upper part of the outer side of the leg,
and is the more superficial of the tw^o muscles. It arises from the head and
upper two-thirds of the outer surface of the shaft of the fibula, from the deep
surface of the fascia, and from the intermuscular septa, between it and the
muscles on the front, and those on the back of the leg occasionally also by a
few fibres from the outer tuberosity of the tibia. Between its attachment to the
head and to the shaft of the fibula there is a small interval of bone from which
no muscular fibres arise through this gap the external popliteal nerve passes
beneath the muscle. It terminates in a long tendon, which passes behind the
outer malleolus, in a groove common to it and the Peroneus brevis, the groove
being converted into a canal by a fibrous band, and the tendons invested by a
:

;

common synovial membrane it is then reflected, obliquely forwards, across the
outer side of the os calcis, being contained in a separate fibrous sheath, lined by
a prolongation of the synovial membrane from that which lines the groove
;

behind the malleolus. Having reached the outer side of the cuboid bone, it runs
in a groove on the under sru^face of that bone, which is converted into a canal
by the long calcaneo-cuboid ligament, and is lined by a synovial membrane the
tendon thus crosses obliquely the sole of the foot, and is inserted into the outer
side of the base of the metatarsal bone of the great toe and the internal cuneiform
Occasionally it sends a slip to the base of the second metatarsal bone.
bone.
first, behind the externa]
The tendon changes its direction at two points
malleolus
secondly, on the outer side of the cuboid bone
in both of these
situations the tendon is thickened, and, in the latter, a sesamoid fibro- cartilage,
or sometimes a bone, is usually developed in its substance.
£.elations.
By its superficial surface, with the fascia and integument; by its
deep surface, with the fibula, external popliteal nerve, the Peroneus brevis, os
calcis, and cuboid bone
by its anterior border, with an intermuscular septum,
which intervenes between it and the Extensor longus digitorum hj its posterior
border, with an intermuscular septum, which separates it from the Soleus above
and the Flexor longus hallucis below.
The Peroneus brevis lies beneath the Peroneus longus, and is shorter and
smaller than it. It arises from the lower two-thirds of the external surface of the
shaft of the fibula, internal to the Peroneus longus
and from the intermuscular
septa, separating it from the adjacent muscles on the front and back part of the
leg.
The fibres pass vertically downwards, and terminate in a tendon, which
runs in front of that of the preceding muscle, through the same groove behind
the external malleolus, being contained in the same fibrous sheath, and lubricated
by the same synovial membrane. It then passes through a separate sheath on
the outer side of the os calcis, above that for the tendon of the Peroneus longus,
:

:

;

;

—

;

;

;
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and
the

is

finally inserted into the tuberosity at the

on

little toe,

Relations.
of the leg

— By

and

base of the metatarsal bone of

outer side.

its

surface, with the Peroneus longus and the fascia
deep surface, with the fibula and outer side of the os

its superficial

By

foot.

its

calcis.

—

Nerves.
The Peroneus longus and brevis are supplied by the musculocutaneous branch of the external popliteal nerve.
Actions.
The Peroneus longus and brevis extend the foot upon the leg, in
conjunction with the Tibialis posticus, antagonising the Tibialis anticus and
Peroneus tertius, which are flexors of the foot. The Peroneus longus also everts
the sole of the foot hence the extreme eversion occasionally observed in fracture
of the lower end of the fibula, where that bone offers no resistance to the action
of this muscle.
Taking their fixed point below, the Peronei serve to steady the
leg upon the foot.
This is especially the case in standing upon one leg, when
the tendency of the superincumbent weight is to throw the leg inwards
the
Peroneus longus overcomes this tendency by drawing on the outer side of the
leg, and thus maintains the perpendicular direction of the limb.

—

;

:

—

Surgical Anatomy. The student should now consider the position of the tendons of
the various muscles of the leg, their relation with the ankle-joint and surrounding bloodvessels, and especially their action upon the foot, as their rigidity and contraction give
rise to one or other of the kinds of deformity known as cluh foot.
The most simple and
common deformity, and one that is rareh', if ever, congenital, is the taliiies eqidnus, the
heel bemg raised Idj rigidity and contraction of the Gastrocnemius muscle, and the patient
walking upon the ball of the foot. In the talij^es varus, the foot is forcibly adducted and
the inner side of the sole raised, sometimes to a right angle with the ground, by the action
of the Tibialis anticus and posticus. In the talij^es valgus, the outer edge of the foot is
raised by the Peronei muscles, and the patient walks on the inner ankle.
In the talii^es
calcaneus the toes are raised by the Extensor muscles, the heel is depressed and the
patient walks upon it.
Other varieties of deformitj^ are met with, as the talipes eqtdnovariis, equino-vaJgus, and calcaneo-valgus, \\h.0Be names sufficiently indicate theirnature.
Of these, the talipes equino-varus is the most common congenital form the heel is raised
by the tendo Achillis, the inner border of the foot drawn upwards by the Tibialis anticus,
the anterior two-thirds twisted inwards by the Tibialis posticus, and the arch increased hj
the contraction of the plantar fascia, so that the patient walks on the middle of the outer
border of the foot. Each of these deformities may sometimes be successhilly relieved
by division of the opposing tendons and fascia
by this means the foot regains its
proper position, and the tendons heal by the organisation of lymph tlnrown out between
the divided ends. The operation is easily performed by putting the contracted tendon upon
the stretch, and dividing it by means of a narrow, sharp pointed knife inserted beneath it.
Eupture of a few of the fibres of the Gastrocnemius, or rupture of the Plantaris tendon
not uncommonly occurs, especiaUy in men somewhat advanced in life, from some sudden
exertion, and frequently- occurs during the game of lawn temiis, and is hence known as
lawn-tennis leg.' The accident is accompanied by a sudden pain, and produces a sensation as if the individual had been struck a violent blow on the part.
The tendo Achihis
is also sometimes ruptm-ed.
It is stated that John Hunter ruptured his tendo Achilhs
whilst dancing, at the age of forty.
;

:

'

IV.

Muscles and Fascia of the Foot

The fibrous bands which bmd down the tendons in front of and behind the ankle
their passage to the foot should now be examined
they are termed the annular
ligaments, and are three in number anterior, internal, and external.

m

;

—

The anterior annular ligament consists of a superior or vertical portion,
which binds down the extensor tendons as they descend on the front of the tibia
and fibula and an inferior or horizontal portion, which retains them in con;

nection with the tarsus, the two portions being connected by a thin intervening
layer of fascia.
The vertical portion is attached externally to the lower end
of the fibula and internally to the tibia
above it is continuous with the fascia
of the leg
it contains only one synovial sheath, for the tendon of the Tibiahs
anticus; the other tendons and the anterior tibial vessels and nerve passing
beneath it, but without any distinct synovial sheath. The horizontal portion is
;

;

;
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attached externally to the upper surface of the os calcis, in front of the depressior
hgament it passes upwards and inwards, as a double layer
one lamina passing in front, and the other behind, the tendons of the Peroneus
tertius and Extensor longus digitorum.
At the inner border of the latter tendon
these two layers join together, forming a sort of loop or sheath in which the
tendons are enclosed, surrounded by a synovial membrane. From the inner
extremity of this loop two bands are given off one passes upwards and inwards, to
be attached to the internal malleolus, passing over the Extensor proprius hallucis
and vessels and nerves, but enclosing the Tibiahs anticus and its synovial sheath
by a sphtting of its fibres. The other hmb passes downwards and inwards to be
attached to the inner border of the plantar fascia, and passes over both the
tendon of the Extensor proprius hallucis and the Tibiahs anticus and also the
for the interosseous

;

:

and nerves. These two tendons are contained in separate synovial
sheaths situated beneath the ligament. It will thus be seen that the horizontal
portion of the ligament is like the letter Y, the foot of the letter being attached
to the OS calcis, and the two diverging arms to the tibia and plantar fascia
vessels

respectively.

The internal annular ligament is a strong fibrous band, which extends from
the inner malleolus above to the internal margin of the os calcis below, converting a series of grooves in this situation into canals, for the passage of the tendons
of the Flexor muscles and vessels into the sole of the foot.
It is continuous by
its upper border with the deep fascia of the leg, and by its lower border with the
plantar fascia and the fibres of origin of the Abductor hallucis muscle. The
four canals which it forms transmit, from within outwards, first, the tendon of

the Tibialis posticus
second, the tendon of the Flexor longus digitorum third,
the posterior tibial vessels and nerve, which run through a broad space beneath
the ligament lastly, in a canal formed partly by the astragalus, the tendon of
the Flexor longus hallucis.
The canals for the tendons are lined by separate
;

;

;

synovial membranes.

The external annular ligament extends from the extremity of the outer
malleolus to the outer surface of the os calcis it binds down the tendons of the
Peronei muscles in their passage beneath the outer ankle. The two tendons are
enclosed in one synovial sac.
:

—
m

Dissection of the Sole of tlie Foot. Tlie foot should be placed on a high block with
the sole uppermost, and firmly secm-ed
that position.
Carry an incision roiuid the heel
and along the inner and outer borders of the foot to the great and little toes. This incision
should divide the integument and thick layer of graniilar fat beneath, until the fascia is
visible
the skin and fat should then be removed hom the fascia in a direction from
behind forwards, as seen in fig. 366.
;

The plantar fascia, the densest of all the fibrous membranes, is of great
and consists of dense pearl^'-white glistening fibres, disposed, for the
most part, longitudinally it is divided into a central and two lateral portions.
The central ijortion, the thickest, is narrow behind and attached to the
strength,

:

inner tubercle of the os calcis, behind the origin of the Flexor brevis digitorum
and becoming broader and thinner in front, divides near the heads of the metatarsal bones into five processes, one for each of the toes.
Each of these processes

two strata, superficial
and deep. The superficial stratum is inserted into the skin of the transverse
sulcus which divides the toes from the sole.
The deeper stratum divides into
two slips which embrace the sides of the flexor tendons of the toes, and blend
with the sheaths of the tendons and laterally with the transverse metatarsal,
ligament, thus forming a series of arches through which the tendons of the short
and long flexors pass to the toes. The intervals left between the five processes
allow the digital vessels and nerves, and the tendons of the Lumbricales muscles,
to become superficial.
At the point of division of the fascia into processes and
slips, numerous transverse fibres are superadded, which serve to increase the
strength of the fascia at this part by binding the processes together, and

divides opposite the metatarso-phalangeal articulation into

;
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connecting them with the integument. The central portion of the plantar fascia
is continuous with the lateral portions at each side, and sends upwards into the
foot, at their point of junction, two strong vertical intermuscular septa, broader
in front than behind, which separate the middle from the external and internal
plantar group of muscles from these again thinner transverse septa are derived,
which separate the various layers of muscles in this region. The upper surface
of this fascia gives attachment behind to the Flexor brevis digitorum muscle.
The lateral portions of the plantar fascia are thinner than the central piece,
;

and cover the sides of the foot.
The outer portion covers the under surface of the Abductor minimi digiti it
is thick behind, thin in front, and extends from the outer tubercle of the os calcis,
forwards, to the base of the fifth metatarsal bone, into the outer side of which it
;

it is continuous internally with the middle portion of the plantar
and externally with the dorsal fascia.
The inner portion is very thin, and covers the Abductor hallucis muscle it is
attached behind to the internal annular ligament, and is continuous around the
side of the foot with the dorsal fascia, and externally with the middle portion of

is

attached

;

fascia,

;

the plantar fascia.
8.

Dorsal Begion

Extensor brevis digitorum.

The fascia on the dorsum of the foot is a thin membranous layer, continuous
it becomes gradually
above with the anterior margin of the annular ligament
lost opposite the heads of the metatarsal bones, and on each side blends with the
it forms a sheath for the tendons placed on
lateral portions of the plantar fascia
On the removal of this fascia, the muscle and tendons
the dorsum of the foot.
of the dorsal region of the foot are exposed.
The Extensor brevis digitorum (fig. 369) is a broad thin muscle, which arises
from the fore part of the upper and outer surfaces of the os calcis, in front of the
groove for the Peroneus brevis from the external calcaneo-astragaloid ligament
and from the horizontal portion of the anterior annular ligament. It passes
The
obliquely across the dorsum of the foot, and terminates in four tendons.
innermost, which is the largest, is inserted into the dorsal surface of the base of
the first phalanx of the great toe, crossing the Dorsalis pedis artery the other
three, into the outer sides of the long extensor tendons of the second, third, and
;

;

;

;

fourth toes.

—

By its superficial surface, with the fascia of the foot, the tendons
Extensor longus digitorum and Peroneus tertius. By its deep surface,
with the tarsal and metatarsal bones, and the Dorsal interossei muscles.
Nerves. It is supplied by the anterior tibial nerve.
Actions.
The Extensor brevis digitorum is an accessory to the long Extensor,
extending the phalanges of the four inner toes, but acting only on the first
phalanx of the great toe". The obliquity of its direction counteracts the oblique
movement given to the toes by the long Extensor, so that, both muscles acting
Relations.

of the

—
—

together, the toes are evenly extended.

9.

<

Plantar Region

The muscles in the plantar region of the foot may be divided into three groups,
in a similar manner to those in the hand.
Those of the internal plantar region
are connected with the great toe, and correspond with those of the thumb those
;

connected with the little toe, and correspond
with those of the little finger and those of the middle plantar region are connected with the tendons intervening between the two former groups. But in
order to facilitate the dissection of these muscles, it will be found more convenient
to divide them into four layers, as they present themselves, in the order in which
they are successively exposed.
of the external plantar region are
;
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First Layer

Abductor

Flexor brevis digitorum.

hallucis.

Abductor minimi

digiti.

—

Dissection. Remove the fascia on the inner and onter sides of the foot, commencing
The central portion shotild be
in front over the tendons, and proceeding backwards.
divided transversely in the middle of the foot, and the two flaps dissected forwards and

backwards.

The Abductor

Fig.

hallucis lies along the

2,7-

.

— Muscles of the sole
foot.

inner border of the foot. It arises from
the inner tubercle on the under surface of
the OS calcis from the internal annular

of the

First layer.

;

ligament from the plantar fascia and
from the intermuscular septum between
The
it and the Flexor brevis digitorum.
fibres terminate in a tendon, which is
inserted, together with the innermost
tendon of the Flexor brevis hallucis, into
the inner side of the base of the first
;

phalanx

;

of the great toe.

Relations.

—By

its

superficial surface,

with the plantar fascia.
By its deep
stirface, with the Flexor brevis hallucis,
the Flexor accessorius, and the tendons
of the Flexor longus digitorum and Flexor
longus hallucis, the Tibialis anticus and
posticus, the plantar vessels and nerves,
and the articulations of the tarsus.
The Flexor brevis digitorum [perforatus) lies in the middle of the sole of the
foot, immediately beneath* the plantar
fascia, vnth which it is firmly united.
It
arises by a narrow tendinous process,
from the inner tubercle of the os calcis,
from the central part of the plantar
fascia, and from the intermuscular septa
between it and the adjacent muscles. It
passes forwards, and divides into four
tendons.
Opposite the bases of the first
phalanges, each tendon divides into two
slips, to allow of the passage of the corresponding tendon of the Flexor longus
digitorum the two portions of the tendon
then unite and form a grooved channel
for the reception of the accompanying
long flexor tendon. Finally, they divide
a second time, to be inserted into the
sides of the second phalanges about their
middle. The mode of division of the tendons of the Flexor brevis digitOT\im,
and their insertion into the phalanges, is analogous to the Flexor sublimis digitorum in the hand.
By its deep
Relations. -By its supjerficial surface, with the plantar fascia.
surface, with the Flexor accessorius, the Lumbricales, the tendons of the Flexor
longus digitorum, and the external plantar vessels and nerve, from which it is
separated by a thin layer of fascia. Tlie owtef^and inner borders are separated
;

—

'

*

That

is,

in the order of dissection of the sole of the foot.
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from the adjacent muscles by means
fascia.

of vertical prolongations of the

plantar

—

Fibrous sheaths of the flexor tendons. These are not so well marked as in
the fingers. The flexor tendons of the toes as they run along the phalanges are
retained against the bones by a fibrous sheath, forming osseo-aponeurotic canals.
These sheaths are formed by strong fibrous bands, which arch across the tendons,
and are attached on each side to the margins of the phalanges. Opposite the
middle of the proximal and second phalanges the sheath is very strong, and
-Muscles of the sole of the foot.
FiG. -:,t:
Second layer.
the fibres pass transversely but opposite the joints it is much thinner, and
;

the fibres pass obliquely. Each sheath
is lined by a synovial membrane, which
is reflected on the contained tendon.

The Abductor minimi

digiti lies along

the outer border of the foot.

by a very broad
tubercle of

It arises,

from the outer
the os calcis, from the under
origin,

surface of the os calcis in front of both

from the fore part of the inner
from the plantar fascia, and the
intermuscular septum between it and
tubercles,
tubercle,

the Flexor brevis digitorum. Its tendon,
after gliding over a smooth facet on the

under surface of the base of the fifth
metatarsal bone, is inserted, with the
short Flexor of the little toe, into the
outer side of the base of the first phalanx
of this toe.

Relations.

— By

its siiperficial

surface,

with the plantar fascia. By its deep
stcrface, with the Flexor accessorius, the
Flexor brevis minimi digiti, the long
plantar ligament, and the tendon of the

Peroneus longus.

On

its

mner

side are

the external plantar vessels and nerve,
and it is separated from the Flexor brevis
digitorum by a vertical septum of fascia.

—

Dissection. The rauscles of the superlayer should be divided at theu" origin,
by inserting the knife beneath each, and
cutting obliquely backwards, so as to detach
them from the bone they should then be
drawn forwards, in order to expose the second
layer, but not cut away at their insertion.
The two layers are separated by a thin membrane, the cZeejp plantar fascia, on the removal of which is seen the tendon of the
Flexor longus digitorum, the Flexor accessorius, the tendon of the Flexor longus hallucis, and the Lumbricales.
The long flexor
tendons cross each other at an acute angle, the Flexor longus hallucis running along
the inner side of the foot, on a plane superior to that of the Flexor longus digitorum, the
direction of which is obliquely outwards.
ficial

;

Second Layer
Flexor accessorius.

The Flexor

Lumbricales.

accessorius arises by two heads
the inner or larger, which is
muscular, being attached to the inner concave surface of the os calcis, and to
the inferior calcaneo -navicular ligament
the outer head, flat and tendinous, to
:
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the under surface of the os calcis, in front of its outer tubercle, and to the long
plantar ligament the two portions join at an acute angle, and are inserted into
the outer margin and upper and under surfaces of the tendon of the Flexor
:

longus digitorum, forming a kind of groove, in which the tendon is lodged.*
Relations.
By its superficial surface, with the muscles of the superficial layer,
from which it is separated by the external plantar vessels and nerves. By its
deep surface, with the os calcis, and long calcaneo-cuboid ligament.
The Lumbricales are four small
Fig. 374.
muscles, accessory to the tendons of the
Muscles of the sole of the foot.
Third layer.
Flexor longus digitorum they arise from
the tendons of the long flexor, as far back
as their angle of division, each arising
from two tendons, except the internal
Each, muscle terminates in a tenone.
don, which passes forwards on the inner

—

-

:

side of

each

of

the lesser toes, and

is

inserted into the expansion of the long

extensor tendon on the dorsum of the
phalanx of the corresponding toe.

first

—

Dissection. The flexor tendons should be
divided at the back part of the foot, and the
Flexor accessorius at its origin, and drawn
forwards, in order to expose the third layer.

Third Layer
Flexor brevis hallucis.

Adductor obliquus hallucis.
Flexor brevis minimi digiti.
Adductor transversus hallucis.

The Flexor

brevis hallucis arises, by

process, from the
inner part of the under surface of the
cuboid bone, from the contiguous portion
a pointed tendinous

of the external cuneiform, and from the
prolongation of the tendon of the Tibialis
posticus, which is attached to that bone.

The muscle divides, in front, into two
which are inserted into the inner

portions,

and outer sides of the base of the first
phalanx of the great toe, a sesamoid bone
being developed in each tendon at its
insertion.

muscle

is

The inner portion

of

this

blended with the Abductor

hallucis previous to its insertion, the ou.ter

with the Adductor obliquus hallucis, and
the tendon of the Flexor longus hallucis
lies in

a groove between them.

—

By its superficial surface, with the Abductor hallucis, the tendon
the Flexor longus hallucis, and plantar fascia. By its deep surface, with the
tendon of the Peroneus longus, and metatarsal bone of the great toe. By
By its outer harder, with the
its inner border, with the Abductor hallucis.
Relations.

of

Adductor obliquus hallucis.
The Adductor obliquus hallucis is a large, thick, fleshy mass, passing
obhquely across the foot, and occupying the hollow space between the four
* According to Turner, the fibres
which contribute slips to the second,

of the

third,

Flexor accessorius end in aponeurotic bands,

and fourth

digits.
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inner metatarsal bones. It arises from the tarsal extremities of the second, third,
and fourth metatarsal bones, and from the sheath of the tendon of the Peroneus
longus, and is inserted, together with the outer portion of the Flexor brevis
hallucis, into the outer side of the base of the first phalanx of the great toe.
The small muscles of the great toe, the Abductor, Flexor brevis, Adductor
obliquus, and Adductor transversus, like the similar muscles of the thumb, give
off fibrous expansions, at their insertions, to blend with the long Extensor tendon.

The Flexor brevis minimi digiti lies on the metatarsal bone of the little toe,
and much resembles one of the Interossei. It arises from the base of the metaits
tarsal bone of the little toe, and from the sheath of the Peroneus longus
tendon is inserted into the base of the first phalanx of the little toe on its outer
Occasionally some of the deeper fibres of the muscle are inserted into the
side.
these are described by
outer part of the distal half of the fifth metatarsal bone
some as a distinct muscle, the Opponens minimi digiti.
Relations.
By its superficial surface, with the plantar fascia and tendon of
By its deep surface, with the fifth metatarsal bone.
the Abductor minimi digiti.
;

;

—

Fig. 376.

Fig. 375-- -The Dorsal interossei.
Left foot.

-The Plantar interossei.
Left foot.

The Adductor transversus hallucis {Transversiis pecUs) is a narrow, flat, muscular fasciculus, stretched transversely across the heads of the metatarsal bones,
between them and the flexor tendons.

It arises from the inferior metatarsophalangeal ligaments of the three outer toes, sometimes only from the third and
fourth, and from the transverse ligament of the metatarsus
and is inserted into
the outer side of the first phalanx of the great toe its fibres being blended with
the tendon of insertion of the Adductor obliquus hallucis.
Relations.
By its superficial surface, with the tendons of the long and short
Flexors and Lumbricales. By its deep surface, with the Interossei.
;

;

—

Fourth Layer

The

Interossei.

The Interossei muscles in the foot are similar to those in the hand, with this
exception, that they are grouped around the middle line of the second toe, instead
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of the third finger, as in the hand.
They are seven in number,
two gToups, dorsal and plantar.
The Dorsal interossei, fom- in number, are situated between the metatarsal
They are bipenniform muscles, arising by two heads from the adjacent
bones.
sides of the metatarsal bones between which they are placed
their tendons are
inserted into the bases of the first phalanges, and into the aponeurosis of the
common extensor tendon. In the angular interval left between the heads of
each muscle at its posterior extremity the perforating arteries pass to the dorsum
except in the First interosseous muscle, where the interval allows
of the foot
the passage of the communicating branch of the dorsalis pedis artery.
The
First dorsal interosseous muscle is inserted into the inner side of the second toe
the other three are inserted into the outer sides of the second, third, and
of the

middle line

and consist

of

;

;

;

fourth toes.

The Plantar

interossei, three

in

number,

lie

beneath, rather than between,

They are single muscles, and are each connected with
They arise from the base and inner sides of the shaft
but one metatarsal bone.
of the third, fourth, and fifth metatarsal bones, and are inserted into the inner
sides of the bases of the first phalanges of the same toes, and into the aponeurosis

the metatarsal bones.

common

extensor tendon.
Flexor brevis digitorum, the Flexor brevis and Abductor
hallucis, and the inner Lumbrical * are supplied by the internal plantar nerve.
All the other muscles in the sole of the foot by the external plantar.
The First
and Second dorsal interossei muscles receive extra filaments from the ganglionic
enlargement of the anterior tibial nerve on the dorsum of the foot.
Actions.
x\ll the muscles of the foot act upon the toes, and for purposes of
description as regards their action may be grouped as Abductors, Adductors,
Flexors or Extensors. The Abductors are the Dorsal interossei, the Abductor
The Dorsal interossei are abductors
hallucis, and the x\bductor minimi digiti.
from an imaginary line passing through the axis of the second toe, so that the
first muscle draws the second toe inwards, towards the great toe
the second
muscle draws the same toe outwards the third draws the third toe, and the
Like the interossei in the
fourth draws the fourth toe in the same direction.
hand, they also assist in flexing the proximal phalanx and extending the two
terminal phalanges. The Abductor hallucis abducts the great toe from the others,
and also flexes the proximal phalanx of this toe. i\.nd in the same way the
action of the Abductor minimi digiti is twofold, as an abductor of this toe from
The Adductors are the
the others, and also as a flexor of the proximal phalanx.
Plantar interossei, the Adductor obliquus hallucis, and the Adductor transversus
hallucis.
The plantar interosseous muscles addlict the third, fourth, and fifth
toes, towards the imaginary line passing through the second toe, and by means
of their insertion into the aponeurosis of the extensor tendon they assist in
flexing the proximal phalanx and extending the two terminal phalanges.
The
Adductor obliquus hallucis is chiefly concerned in adducting the great toe
of the

Nerves.

— The

—

;

;

towards the second one, but also assists in flexing this toe. The Adductor
transversus hallucis approximates all the toes and thus increases the curve of
the transverse arch of the metatarsus.
The Flexors are the Flexor brevis digitorum, the Flexor accessorius, the Flexor brevis hallucis, the Flexor brevis
minimi digiti, and the Lumbricales. The Flexor brevis digitorum flexes the
second phalanges upon the first, and, continuing its action, flexes the first
phalanges also, and brings the toes together. The Flexor accessorius assists the
long flexor of the toes and converts the oblique pull of the tendons of that
muscle into a direct backward pull upon the toes. The Flexor brevis minimi
* Formerly the two inner Ltimbricales were described as being supplied by the internal
plantar nerve. Brook, however {Journal of Anatoimj, vol. xxi. p. 575), in ten dissections
found that in nine of them only the inner Lumbrical obtained its nerve supijly from this
source.
In the tenth instance both the first and second Lumbricales were supplied by
both external and internal plantar.
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its metatarsal bone downwards and inwards.
corresponding muscles in the hand, assist in flexing the
proximal phalanx, and by their insertion into the long extensor tendon aid that
muscle in straightening the two terminal phalanges. The only muscle in the
Extensor group is the Extensor brevis digitorum. It extends the first phalanx
of the great toe and assists the long extensor in extending the next three toes, and
at the same time gives to the toes an outward direction when they are extended.

digiti flexes

the

little

The Lumbricales,

toe

and draws

like the

—

Surface Form. Of the muscles of the thigh, those of the iliac region have no influence
on surface form, while those of the anterior femoral region, being to a great extent
The Tensor
superficial, largely contribute to the surface form of this part of the body.
vagina} femoris produces a broad elevation immediately below the anterior portion of the
From its lower
crest of the ilium and behind the anterior superior spinous process.
border, a longitudinal groove, corresponding to the ilio-tibial band, may be seen running

down the outer side of the thigh to the outer side of the knee-joint. The Sartorius
muscle, when it is brought into action by flexing the leg on the thigh, and the thigh
on the pelvis, and rotating the thigh outwards, presents a well-marked surface form.
At its upper part, where it constitutes the outer boundary of Scarpa's triangle, it forms a
prominent oblique ridge, which becomes changed into a flattened plane below, and this
gradually merges in a general fulness on the inner side of the knee-joint. When the
Sartorius is not in action, a depression exists between the Extensor quadriceps and the
Adductor muscles, running obliquely downwards and inwards from the apex of Scarpa's
In the depressed
triangle to the inner side of the knee, which corresponds to this muscle.
angle formed by the divergence of the Sartorius and Tensor vaginae femoris muscles,
just below the anterior superior spinous process of the ilium, the Rectus femoris muscle
appears, and, below this, determines to a great extent the convex form of the front of the
In a well-developed subject, the borders of the muscle, when in action, are clearly
thigh.
The Vastus externus forms a long flattened plane on the outer side of the
to be defined.
The Vastus
thigh, traversed by the longitudinal groove formed by the ilio-tibial band.
internus, on the inner side of the lower half of the thigh, gives rise to a considerable
prominence, which increases towards the knee and terminates somewhat abruptlj^ in this
situation with a full, curved outline. The Crureus and Subcriireus are completely hidden,
and do not directly influence surface form. The Adductor muscles, constituting the
internal femoral group, are not to be individually distinguished from each other, with the
exception of the upper tendon of the Adductor longus and the lower tendon of the Adductor
magnus. The upper tendon of the Adductor longus, when the muscle is in action, stands
out as a prominent ridge, which runs obliquely downwards and outwards from the
neighbourhood of the pubic spine, and forms the inner boundary of a flattened triangular
space on the upper part of the front of the thigh, known as Scarpa's triangle. The lower
tendon of the Adductor magnus can be distinctly felt as a short ridge extending down to
the Adductor tubercle on the internal condyle, between the Sartorius and Vastus internus.
The Adductor group of muscles fills in the triangular space at the upper part of the thigh,
formed between the oblique femur and the pelvic wall, and to them is due the contour of
the inner border of the tliigh, the Gracilis largely contributing to the smoothness of the
outline.
These muscles are not marked off on the surface from those of the posterior
femoral region by any intermuscular marking but on the outer side of the thigh these
latter muscles are defined from the Vastus externus by a distinct marking, corresponding
The Gluteus maximus and a part of the Gluteios
to the external intermuscular septum.
medius are the only muscles of the buttock which influence surface form. The other part
of the Gluteus medius, the Gluteus minimus, and the External rotators are completely
hidden. The Gluteus maximus forms the fall rounded outline of the buttock it is more
prominent beliind, compressed in Iront, and terminates at its tendinous insertion in a
depression immediately behind the great trochanter. Its lower border does not correspond
to the gluteal fold, but is much more oblique, being marked by a line drawn from the side
of the coccyx to the junction of the upper with the lower two-thirds of the thigh on the
outer side. From beneath the fold of this muscle, the Hamstring muscles appear, at first
narrow and not well marked, but as they descend, becoming moreprominent and widened
out, and eventually dividing into two well-marked ridges, which form the upper
boundaries of the j)opliteal space, being formed by the tendons of the inner and outer
Hamstring muscles respectively. In the upper part of the thigh these muscles are not to
be individually distinguished from each other, but lower down, the sej^aration between
the Semitendinosus and Semimembranosus is denoted by a slight intermuscular marking.
Tlie external hamstring tendon formed by the Biceps is seen as a thick cord running
down to the head of the fibula. The inner hamstring tendons comprise the Semitendinosus, the Semimembranosus, and the Gracilis. The Semitendinosus is the most internal
of these, and can be felt, in certain positions of the limb, as a sharp cord
the Semimemhranosus is thick, and the Gracilis is situated a little further forwards than the other two.
All the muscles on the front of the leg appear to a certain extent somewliere on the
surface, but the form of this region is mainly dependent upon the Tibialis anticus and the
Extensor longus digitorum. The Tibialis anticus is well marked, and presents a fusiform
;

;

;

:
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enlargement at the outer side of the tibia, and projects beyond the crest of the shin bone.
the ninsciilar mass, its tendon may be traced downward, standing out boldly, when
the muscle is in action, on the front of the tibia and ankle-joint, and coursing down to its
A well-marked groove separates this muscle
insertion along the inner border of the foot.
externally from the Extensor lovgus digitonim, which fills up the rest of the space
between the upper part of the shaft of the tibia and fibula. It does not present so bold an
outline as the Tibialis anticus, and its tendon below, diverging from the tendon of the
Tibialis anticus, forms a sort of plane, in which may be seen the tendon of the Extensor
proprius hallucis. A groove on the outer side of the Extensor longus digitoruixi, seen most
plainly when the muscle is in action, separates from it a slight eminence corresponding to
the Feroneus tertius. The fleshy fibres of the Peronevs longus are strongly marked at
the upper part of the outer side of the leg, especially when the muscle is in action. It
forms a bold swelling, separated by furrows from the Extensor longus digitoi'um in front
and the Soleus behind. Below, the fleshy fibres terminate abruptly in a tendon which
overlaps the more flattened form of the Pero7ieus hrevis. At the External malleolus the
tendon of the Peroneus brevis is more marked than that of the Peroneus longus. On the
dorsum of the foot the tendons of the Extensor muscles, emerging from beneath the
anterior annular ligament, spread out and can be distinguished in the following order
the most internal and largest is the Tibialis anticus, then the Extensor proprius hallucis;
next comes the Extensor longus digitorum, dividing into four tendons to the four outer
and lastly, most externally, is the Peroneus tertius. The flattened form of the
toes
dorsum of the foot is relieved by the rounded outline of the fleshy belly of the Extensor
brevis digitorum, which forms a soft fulness on the outer side of the tarsus in front of the
external malleolus, and by the Dorsal interossei, which bulge between the metatarsal
bones. At the back of the knee is the popliteal space, bounded above by the tendons of
the Hamstring muscles below, by the two heads of the Gastrocnemius. Below this
space is the prominent fleshy mass of the calf of the leg, produced by the Gastrocnemius
and Soleus. When these muscles are in action, as in standing on tiptoe, the borders of
the Gastrocnemius are well defined, presenting two curved lines, which converge to the
tendon of insertion. Of these borders, the inner is more prominent than the outer. The
fleshy mass of the calf terminates somewhat abruptly below in the tendo Achillis, which
stands out prominently on the lower laart of the back of the leg. It presents a somewhat
tapering form in the upper three-fourths of its extent, but widens out slightly below.
When the muscles of the calf are in action, the lateral portions of the Soleus may be seen,
formmg curved eminences, of which the outer is the longer, on either side of the Gastrocnemius. Behind the inner border of the lower part of the shaft of the tibia, a well-marked
ridge, produced by the
Fig. ],77. Fracture of the neck of the femur within the
tendon of the Tibialis

Trom

;

;

—

posticus, is visible when
this muscle is in a state
of contraction.
On the sole of the foot
the superficial layer of

capsular ligament,

muscles influences surface
form; the Abductor minimi digiti most markedly.
This muscle forms a nar-

row

rounded elevation
along the outer border
of
the foot, while the
Abductor hallucis does
the same, though to a less
extent, on the inner side.

The Flexor brevis digi'toruDi, bound down by
the plantar fascia,

is not
very apparent
it
produces a flattened form,
covered by the thickened
skin of the sole, which is
here thrown into numerous wrinkles.
Surgical Anatomy.
The student should now
consider the effects produced by the action of the
various muscles in fractures of the bones of the lower extremity.

rmis
Gemellus suj^erior

OMurator internus
Gemellus inferior
Obturator externvs
at us femoris

;

—

The more common forms of fracture are
selected for illustration and description.
In fracture of the nech of the femur internaJ to the ca];)SulaT ligament (fig. "^77), the
characteristic mai'ks are slight shortening of the limb, and eversion of the foot, neither of

;;
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which symptoms occurs, however, in some cases until some tmie after the injiu-y. The
eversion is caused by the weight of the hmb rotating it outwards. The shortening is produced by the action of tlie Glutei, and by the Rectus femoris in front, and the Biceps
Semitendinosus, and Semimembranosus behind.

—

Fig. 378.
Fracture of the
femui' below the
trochanters.

Fig.

379.— Fracture

In fracture of the

femur

just beloiv the
trochanters (fig. 278),
the upper fragment,
the portion chiefly dis-

Semi

of the

femur

above the condyles.

Fig.

380.— Fracture

of

the patella.

Fig.

381.— Obhque fracture of
the shaft of the tibia.

memb>anosus placed, is tilted forSeiin
wards almost at right
tenchnosus
angles with the pelvis,

by the combined action of the Psoas and
Iliacus
and, at the
same time, everted and
drawn outwards by the
external rotator and
;

Gluteimuscles, causing
upper and outer side
of the thigh, and much pain from the bruising and
The limb is shortened,
laceration of the muscles.
in consequence of the lower fragment being drawn
upwards by the Rectus in front, and the Biceps,
a

marked prominence

at the

Semimembranosus, and Semitendinosus behind
and is, at the same time, everted. This fracture
may be reduced in two different ixiethods either
by direct relaxation of all the opposing muscles, to
effect which the limb should be put up in such a
manner that the thigh is flexed on the pelvis and
the leg on the thigh or by overcoming the eontraction of the muscles, by continued extension,
which may be effected by means of the long splint.
Oblique fracture of the ieraur immediately above
the condyles (fig. 379) is a formidable injury, and
:

;

attended with considerable displacement. On examination of the limb, the lower fragment may be
felt deep in the popliteal space, being drawn back-

wards by the Gastrocnemius and Plantaris muscles
and upwards by the Hamstring and Rectus muscles.
The pointed end of the upper fragment is drawn
inwards by the Pectineus and Adductor muscles, and tilted forwards by the Psoas and
Iliacus, piercing the Rectus muscle, and occasionally the integument. Relaxation of these
muscles, and direct approximation of the broken fragments, are effected by placino- the limb
on a double inclined plane. The greatest care

is

requisite in keeping the pointed extremity

;
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of the upper fragment in proper position
otherwise, after union of the fracture, the
power of extension of the Hnib is partially destroyed, from the Piectus muscle being held
down by the fractured end of the bone, and from the patella, when elevated, being drawn
;

upwards against the projecting fragment.
In fracture of the j^atella (fig. 380) the fragments are separated by the effusion which
takes place into the joint, and possibly by the action of the Quadriceps extensor; the
extent of separation of the two fragments depending upon the degree of laceration of
the ligamentous structures around the
bone.

In oblique fracture of the shaft of
the tibia (fig. 381), if the fractux-e has
taken place obliquely from above, downwards and forwards, the fragments ride

—

Fig. 382. Fracture of the fibiila, with dislocation of the foot outwards—' Pott's Fractiu-e.'

over one another, the lower fragments
being drawn backwards and upwards
by the powerful action of the muscles
of the calf; the pointed extremity of
the upper fragment projects forwards
immediately beneath the integument,
often protruding through it, and rendering the fracture a compound one. If
the direction of the fracture is the
reverse of that shown in the figure,
the pointed extremity of the lower
fragment projects forwards, riding upon
the lower end of the upper one.
By
bending the knee, which relaxes the
opposing muscles, and making extension from the ankle and counter-extension at the knee, the fr-agments may
be brought into apposition. It is often
necessary, however, in compomid fractiu'e, to remove a portion of the projecting bone with the saw before complete adaptation can be effected.
Fracture of the fibula with dislocation of the foot outwards (fig. 382), commonly
known as 'Pott's Fracture,' is one of the most frequent injuries of the ankle-joint. The
in addition to this the internal
fibula is fractured about three inches above the ankle
malleolus is broken off, or the deltoid ligament torn through, and the end of the tibia displaced from the corresponding surface of the astragalus. The foot is markedly everted,
and the sharp edge of the root of the inner malleoliTS presses strongly against the skin
This injury
at the same time, the heel is drawn up by the muscles of the calf.
may be at once reduced by fiexing the leg at right angles with the thigh, which relaxes
all the opposing muscles, and by making extension from the ankle and counter-extension
;

at the knee.

NN

OF THE AETEEIES
Arteries are cylindrical tubular vessels, which serve to convey blood from
THEboth
These vessels were
ventricles of the heart to every part of the body.

named

arteries

(ar/p,

air

;

from the

rrjpdv, to contain)

by the

belief entertained

To Galen is due the honour of refuting this
ancients that the}- contained air.
opinion he showed that these vessels, though for the most part empty after
;

death, contain blood in the living body.
The pulmonary artery, which arises from the right ventricle of the heart,
carries venous blood directly into the lungs,, whence it is returned by the
pulmonary veins into the left auricle. This constitutes the lesser or pulmonic
circulation.
The great artery which arises from the left ventricle, the aorta,
conveys arterial blood to the body generally whence it is brought back to the
This constitutes the greater or
right side of the heart by means of the veins.
;

systemic circulation.

The

is like a highly ramified tree, the
which, formed by the aorta, commences at the left ventricle
of the heart, the smallest ramifications corresponding to the circumference
of the body and the contained organs.
The arteries are found in nearly
every part of the body, with the exception of the hairs, nails, epidermis,
cartilages, and cornea
and the larger trunks usually occupy the most protected
situations, running, in the limbs, along the flexor side, where they are less
exposed to injury.
There is considerable variation in the mode of division of the arteries occasionally a short trunk subdivides into several branches at the same point, as we
observe in the cceliac and thyroid axes or the vessel may give off several branches
in succession, and still continue as the main trunk, as is seen in the arteries of
the limbs but the usual division is dichotomous, as, for instance, the aorta
dividing into the two common iliacs
and the common carotid into the external

common

distribution of the systemic arteries

trunk

of

;

:

;

;

;

and internal.
The branches

very variable angles some, as the superior
an obtuse angle others, as the lumbar
arteries, at a right angle
or, as the spermatic, at an acute angle.
An artery from
which a branch is given off is smaller in size, but retains a uniform diameter until
a second branch is derived from it.
A branch of an artery is smaller than the
trunk from which it arises but if an artery divides into two branches, the combined area of the two vessels is, in nearly every instance, somewhat greater than
that of the trunk
and the combined area of all the arterial branches greatly
exceeds the area of the aorta so that the arteries collectively may be regarded
as a cone, the apex of which corresponds to the aorta, the base to the capillary
system.
of arteries arise at

intercostal arteries

from the

;

aorta, arise at

;

;

;

;

;

The

arteries,

forming what

is

in their distribution,

communicate

called an anastomosis {avd, between

freely with

one another,

mouth), or inosculation
and this communication is very free between the large as well as between
the smaller branches.
The anastomosis between trunks of equal size is found
:

;

orofta,
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where great freedom and activity of the circulation are requisite, as in the brain
here the two vertebral arteries unite to form the basilar, and the two internal
carotid arteries are connected by a short communicating trunk it is also found
in the abdomen, the intestinal arteries having very free anastomoses between
In the limbs, the anastomoses are most frequent and of
their larger branches.
largest size around the joints
the branches of an artery above freely inosculating with branches from the vessels below.
These anastomoses are of considerable interest to the surgeon, as it is by their enlargement that a collateral
circulation is established after the application of a ligature to an artery for the
The smaller branches of arteries anastomose more frequently
cure of aneurism.
than the larger and between the smallest twigs these inosculations become so
;

;

;

;

numerous

as to constitute a close network that pervades nearly every tissue of

the body.

Throughout the body generally the larger

arterial branches pursue a perfectly
but in certain situations they are tortuous thus, the facial
artery in its course over the face, and the arteries of the lips, are extremely
tortuous in their course, to accommodate themselves to the movements of the
parts.
The uterine arteries are also tortuous, to accommodate themselves to
the increase of size which the organ undergoes during pregnancy.
Again,
the internal carotid and vertebral arteries, previous to theiL- entering the cavity
of the skull, describe a series of curves, which are evidently intended to
diminish the velocity of the current of blood, by increasing the extent of surface
over which it moves, and adding to the amount of impediment which is produced

straight course

by

;

;

friction.

The
and,

arteries are

when

dense in structure, of considerable strength, highly

elastic,

divided, they preserve, although empty, their cylindrical form.

The minute structure of these vessels has been described in the chapter on
General Anatomy.
In the description of the arteries, we shall first consider the efferent trunk
of the pulmonic circulation, the pulmonary artery
and then the efferent trunk
of the systemic circulation, the aorta, and its branches.
;

Pulmonary Abtery

(fig.

383)

The pulmonary artery conveys the venous blood from the

•
.

right side of the

wide vessel, about two inches in length and
1 1- inch (30 mm.) in diameter, arising from the left side of the base (conus
arteriosus) of the right ventricle, in front of the aorta.
It extends obliquely
upwards and backwards, passing at first in front of and then to the left of the
ascending aorta, as far as the under surface of the arch, where it divides, about
on a level with the intervertebral substance between the fifth and sixth dorsal
vertebrae, into two branches of nearly equal size, the right and left pulmonary
heart to the lungs.

It is a short,

arteries.

—The whole

with the ascendenclosed with the aorta in a single tube
of the serous pericardium, which is continued upwards upon them from the
base of the heart and connects them together. The fibrous layer of the pericardium becomes gradually lost upon the external Qoat of its two branches.
In front, the pulmonary artery is separated from the anterior extremity of
the second intercostal space by the pleura and left lung, in addition to the
Relations.

of this vessel is contained, together

ing aorta, in the pericardium.

pericardium

;

it

It is

upon the ascending aorta, and higher up lies in
on a plane posterior to the ascending aorta. On each
the appendix of the corresponding auricle and a coronary

rests

at first

front of the left auricle
side of its origin is
artery.

The right pulmonary artery, longer and larger than the left, runs horizontally
outwards, behind the ascending aorta and superior vena cava, to the root of the
N N

2
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right lung,

where

it

divides into

two branches, of which the lower, which is the
the upper suppHes the upper lobe, giving a

smaller, supplies the lower lobe

branch

to the

;

middle lobe.

The left pulmonary artery, shorter and somewhat smaller than the right,
passes horizontally in front of the descending aorta and left bronchus to the root
of the left lung, where it divides into two branches for the two lobes.
The root of the left pulmonary artery is connected to the under surface of the
arch of the aorta by a short fibrous cord, the remains of a vessel peculiar to foetal
life,

the ductus arteriosus.

The terminal branches
anatomy of the lung.

of the

pulmonary artery

will be described

with the

The Aorta
The aorta {aop-rj, arteria magna) is the main trunk of a series of vessels which
convey the oxygenated blood to every part of the body for its nutrition. This
Fig. 383.

— The arch of the aorta and

its

branches.

Thyroid gland

Left vagus

— Left phrenic

Ittght vagus

Mecurrent

lai

Thoracic duct

yngeal

Fig. 384.— Plan of the branches.

vessel

commences

in diameter,

and

upper part of the left ventricle, where it is about i^inch
ascending for a short distance, arches backwards, and to

at the

after
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over the root of the left lung, then descends within the thorax
on the left side of the vertebral column, passes through the aortic openino'
in the Diaphragm, and entering the abdominal cavity, terminates, considerably diminished in size (about ^V of an inch in diameter), opposite the
fom-th lumbar vertebra, where it divides into the right and left common iliac
the

side,

left

Hence

division into the ascending aorta, the arch of the aorta,
which last is again divided into thoracic aorta,
abdominal aorta, from the position of these parts.
arteries.

its

the descending aorta,

and
and

Ascending Aokta

The ascending aorta is about two. inches in length. It commences at the upper
part of the base of the left ventricle, on a level with the lower border of the third
costal cartilage behind the left half of the sternum
it passes obliquely upwards,
forwards, and to the right in the direction of the heart's axis, as high as the
upper border of the second right costal cartilage, describing a slight curve in its
;

course,

and being

situated,

when

distended, about a quarter of an inch behind

A little above its commencement it is
somewhat enlarged, and presents three small dilatations called the simises of the
aorta (sinuses of Valsalva), opposite to which are attached the three semilunar
valves, which serve the purpose of preventing any regurgitation of blood into the
These valves are placed one in front and two behind.
cavity of the ventricle.
A section of the aorta opposite this part has a somewhat triangular figure but

the posterior surface of the sternum.

;

below the attachment

This portion of the aorta is
contained in the cavity of the pericardium, and, together with the pulmonary
artery, is invested in a tube of serous membrane, continued on to them from the
of the- valves

it is

circular.

surface of the heart.

—

Relations.
The ascending aorta is covered at its commencement by the
trunk of the pulmonary artery and the right auricular appendix, and, higher up,
is separated from the sternum by the pericardium, the right plevira, and anterior
margin of right lung, some loose areolar tissue, and the remains of the thymus
gland behind, it rests upon the root of the right lung and left auricle. On the
on the
right side, it is in relation with the superior vena cava and right auricle
left side, with the pulmonary artery.
;

;

Plan of the Eelations of the Ascending Aorta
In front.

Pulmonary
Eight

artery.

atu'iciilar

appendix.

Pei'icardium.

Eight pleura and lung.

Eemains

Bight

of

thymus

gland.

Left

side.

side.

Piilnionary artery.

Superior cava.

Eight auricle.

Behind.

Eoot of right lung.
Left auricle.

—

The only branches of the ascending aorta are the coronary
They supply the heart, and are two in number, right and left, arising

Branches.
"arteries.
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near the commencement of the aorta immediately above the free margin of the
semilunar valves.
The Right Coronary Artery, about the size of a crow's quill, arises from the
It
aorta immediately above the free margin of the anterior semilunar valve.
passes forwards between the pulmonary artery and the right auricular appendix,
then runs obliquely to the right side, in the groove between the right auricle and
ventricle, and curving around the right border of the heart; runs along its

where it divides
two branches, one of which continues onwards in the groove between the
the other
auricle and ventricle, and anastomoses with the left coronary

posterior surface as far as the posterior interventricular groove,
into
left

;

descends along the posterior interventricular furrow, supplying branches to both
ventricles and to the septum, and anastomosing at the apex of the heart with
the descending branches of the left coronary.
This vessel sends a large branch along the thin margin of the right ventricle
to the apex, and numerous small branches to the right auricle and ventricle, and
the

commencement of the pulmonary artery.
The Left Coronary, larger than the former,

arises immediately above the free
edge of the left anterior semilunar valve, a little higher than the right it passes
forwards between the pulmonary artery and the left auricular appendix, and
Of these, one passes transversely outwards in the left
divides into two branches.
auriculo-ventricular groove, and winds around the left border of the heart to its
posterior surface, where it anastomoses with the transverse branch of the right
coronary the other descends along the anterior interventricular groove to the
apex of the heart, where it anastomoses with the descending branches of the
right coronary.
The left coronary supplies the left auricle and its appendix, both
ventricles, and numerous small branches to the pulmonary artery, and commence;

;

ment

of the aorta.*

Peculiarities.

—These vessels occasionally arise

may

by a

common

be increased to three the additional branch being of small
are two additional branches.
;

trunk, or their

size.

More

number

rarely, there

Arch of the Aorta
The arch., or transverse aorta, commences at the upper border of the second
chondro-sxernal articulation of the right side, and passes from right to left, and
from before backwards, to the left side of the lower border of the fourth dorsal
vertebra behind.
Its upper border is usually about an inch below the upper
margin of the sternum.
Relations.
Its anterior surface is covered by the pleurae and lungs and the
remains of the thymus gland, and crossed towards the left side by the left pneumogastric and phrenic nerves, and superior cardiac branches of the left sympathetic,
and by the left superior intercostal vein. Its posterior surface lies on the trachea,
just above its bifurcation, on the great, or deep, cardiac plexus, the oesophagus,
thoracic duct, and left recurrent laryngeal nerve.
Its upper border is in relation
with the left innominate vein and from its upper part are given off the innominate, left common carotid, and left subclavian arteries. Its loiver border is
in relation with the bifurcation of the pulmonary artery, the remains of the
ductus arteriosus, which is connected with the left division of that vessel, and

—

;

the superficial cardiac plexus the
from before backwards, whilst the
;

left
left

recurrent laryngeal nerve winds round
bronchus passes below it.

it

* According to Dr. Samuel West, there is a very free and complete anastomosis
between the two coronary arteries {Lancet, June 2, 1883, p. 945). This, however, is not
the view generally held by anatomists, for, with the exception of the anastomosis mentioned a,bove in the auriculo-ventricular and interventricular grooves, it is believed that
the two arteries only communicate by very small vessels in the substance of the heart.
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Plan of the Eelations op the x\ech of the Aorta
Above.
Left innominate vein.

Innominate

artery.

Left carotid.
Left subclavian.

In front.

Behind.

and lungs.
Eemains of thymus gland.

Trachea.

Plenrae

Left
Left
Left
Left

Deep

pneumogastric nerve.

cardiac plexus.
ffisophagus.

phrenic nerve.

Thoracic duct.

superior cardiac nerves.
superior intercostal vein.

Left recurrent nerve.

Beloiv.

Bifurcation of pulmonary artery.
Eemains of ductus arteriosus.
Superficial cardiac plexus.
Left recurrent nerve.
Left bronchus.

—

The height to which the aorta rises in the chest is usually about an inch
Peculiarities.
below the upper border of the sternum but it may ascend nearly to the top of that bone.
Occasionally it is foiuad an inch and a half, more rarely two or even three inches below
;

this point.

Fig. 385.

— Eolation of great vessels at base of heart, seen from above.
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In Dw-eciiow.— Sometimes the aorta arches over the root of the right instead of the left
In such cases all the
lung, as in birds, and passes down on the right side of the spine.
Less frequently, the aorta,
viscera of the thoracic and abdominal cavities are transposed.
side
after arching over the root of the right lung, is directed to its usual position on the left
viscera.
of the spine, this peculiarity not being accompanied by any transposition of the
In Conformation.— 'Y\i% aorta occasionally divides, as in some quadrupeds, into an
ascending and a descending trunk, the former of which is directed vertically upwards, and
the
subdivides into three branches, to supply the head and upper extremities. Sometimes
one ot
aorta subdivides soon after its origin into two branches, which soon reunite. In
left by
these cases the oesophagus and trachea were found to pass through the interval
their division
this is the normal condition of the vessel in the reptiha.
more
Surgical Anatomy.— Oi all the vessels of the arterial system, the aorta, and
consider
especially its arch, is most frequently the seat of disease hence it is important to
some of the consequences that may ensue from aneurism of this part.
pericardium, just
It will be remembered that the ascending aorta is contained in the
artery and
at its commencement by the pulmonary
;

;

.

behind the sternum, being crossed

;
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right auricular appendix, and having the root of the right lung behind, the vena cava on
the right side, and the pulmonary artery and left auricle on the left side.
Aneurism of the ascending aorta, in the situation of the aortic sinuses, in the great
majority of cases, affects the anterior sinus this is mainly owing to the fact that the
regurgitation of blood upon the sinuses takes place chiefly on the anterior aspect of the
As the aneurismal sac enlarges, it may compress any or all of the structures in
vessel.
immediate proximity with it, but chiefly projects towards the right anterior side and,
consequently, interferes mainly with those structures that have a corresponding relation
with the vessel. In the majority of cases, it bursts into the cavity of the pericardium, the
patient suddenly drops down dead, and, upon a post-mortem examination, the pericardial
or it may compress the right auricle, or the pulmonary artery,
sac is found full of blood
and adjoining part of the right ventricle, and open into one or the other of these parts, or
it may press upon the superior vena cava.
Anem-ism of the ascending aorta, originating above the siniises, most frequently implicates the right anterior wall of the vessel this is probably mainly owing to the blood
being impelled against this part. The direction of the aneurism is also chiefly towards
the right of the median line. If it attains a large size and projects forwards, it may
absorb the sternum and the cartilages of the ribs, usually on the right side, and appear as
or it may burst
a pulsating tumour on the front of the chest, just below the manubrium
into the pericardium, or may compress, or open into the right lung, the trachea, bronchi,
or oesophagus.
Eegarding the transverse aorta, the student is reminded that the vessel lies on the
that the recurrent laryngeal nerve winds
trachea, the oesophagus, and thoracic duct
around it and that from its upper part are given off three large trunks, which supply the
head, neck, and upper extremities. Now, an aneurismal tumour taking origin from the
posterior part of the vessel, its most usual site, maj' press upon the trachea, impede the
breathing, or produce cough, htemoptysis, or stridulous breathing, or it may ultimately
burst into that tube, producing fatal haemorrhage. Again, its pressure on the laryngeal
nerves may give rise to symptoms which so accurately resemble those of laryngitis, that
the operation of tracheotomy has in some cases been resorted to, from the supposition
that disease existed in the larynx
or it may press upon the thoracic duct and destroy life
by inanition or it may involve the oesoj)hagus, producing dysphagia or may burst into
the oesophagus, when fatal hsemorrnage will occur. Again, the irmominate artery, or the
subclavian, or left carotid, may be so obstructed by clots as to x^roduce a weakness, or
even a disappearance, of the pulse in one or the other wrist, or in the left temporal artery
or the tumour may present itself at or above the manubrium, generally either in the
median line, or to the right of the sternum, and may simulate an aneurism of one of the
arteries of the neck.
;

;

;

;

;

;

;

;

;

;

Branches
are three in
left

(figs.

:

—

The branches given off from the arch of the aorta
the innominate artery, the left common cai"otid, and the

383, 384).

number

subclavian.

—

Peculiarities.
Position of the Brandies. The branches, instead of arising from the
highest part of the arch (their usual position), maj' be moved more to the right, arising
from the commencement of the transverse or upper part of the ascending portion or
the distance from one another at their origin may be increased or diminished, the most
frequent change in this respect being the approximation of the left carotid towards the
;

innominate artery.

Number

of the primary branches may be reduced to a single vessel, or more
the left carotid arising from the innominate artery; or (more rarelj'),
the carotid and subclavian arteries of the left side arising from a left innominate artery.
But the number may be increased to four, from the right carotid and subclavian arteries
arising directly from the aorta, the innominate being absent.
In most of these latter
cases the right subclavian has been found to arise from the left end of the arch
in other
cases it was the second or third branch given off" instead of the first. Another common
form in which there are four primary branches is that in which the left vertebral artery
arises from the arch of the aorta between the left carotid and subclavian arteries. Lastly,
the number of trunks from the arch may be increased to five or six in these instances,
the external and internal carotids arise separately from the arch, the common carotid
being absent on one or both sides. In some cases, where six branches have been found,
it has been due to a separate origin of the vertebral on both sides.
Number ustial, Arrangement different. When the aorta arches over to the right side,
the three branches have an arrangement the reverse of what is usual, the innominate
supplying the left side, and the carotid and subclavian (which arise separately) the right
side.
In other cases, where the aorta takes its usual course, the two carotids may be
joined in a common trunk, and the subclavians arise separately from the arch, the right
subclavian generally arising from the left end of the arch,*
Tlie

commonly two:

;

;

—

The anomalies
Henle's

of the aorta and its branches are minutely described
1S68), vol. iii. p. 203 et seq.
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Innominate Artery

The innominate artery (brachio-cephalic) is the largest branch given off from
It arises, on a level with the upper border of the second
the arch of the aorta.
right costal cartilage, from the commencement of the arch of the aorta in front
of the left carotid, and, ascending obliquely to the upper border of the right
sterno-clavicular articulation, divides into the right

subclavian arteries.
length.

common

carotid

and right

This vessel varies from an inch and a half to two inches in

—In front,

it is separated from the first bone of the sternum by the
Sterno-hyoid and Sterno-thyroid muscles, the remains of the thymus gland, the
left innominate and right inferior thyroid veins which cross its root, and sometimes the inferior cervical cardiac branch of the right pneumogastric. Behind, it
lies upon the trachea, which it crosses obliquely.
On the right side is the right
innominate vein, right pneumogastric nerve, and the pleura and on the left side,
the remains of the thymus gland, the origin of the left carotid artery, the left
inferior thyroid vein, and the trachea.
Branches. The innominate usually gives off no branches but occasionally a
small branch, the thyroidea ima, is given off from this vessel. It also sometimes
The Thyroidea ima ascends in front of
gives off a thymic or bronchial branch.
the trachea to the lower part of the thyroid body, which it supplies. It varies
greatly in size, and appears to compensate for- deficiency or absence of one of
the other thyroid vessels. It occasionally is found to arise from the right
common carotid or from the aorta, the subclavian or internal mammary

Relations,

;

—

;

artery.

Plan of the Eelations of the Innominate Artery
In front.
Sternum.
Sterno-hyoid and Sterno-tliyroid muscles.

Remains

of thymus gland.
Left innonainate and right inferior thj'roid veins.
Inferior cervical cardiac branch from right pneumogastric nerve.

Right

/

side.

Eight innominate vein.
Right pneumogastric nerve.

Left

\

/

innominate

Remains

\

Left carotid.
Left inferior thyroid vein.
Trachea.

Artery.

Pleura.

\

side.

of thymus.

/

Behind.
Trachea.

—

Peculiarities in jJoint of Division. When the bifurcation of the innominate artery
varies from the point above mentioned, it sometimes ascends a considerable distance
above the sternal end. of tlie clavicle less frequently it divides below it. In the former
class of cases, its length may exceed two inches
and, in the latter, be reduced to an
inch or less. These are points of considerable interest for the siu-geon to remember in
connection witli the operation of tying this vessel.
Position. When the aorta arches over to the right side, tlie innominate is directed to
the left side of the necli instead of the right.
Collateral Circulation.— AWan Burns demonstrated, on the dead subject, the possibility
of the establishment of the collateral circulation after ligature of the innominate artery,
by tying and dividing that artery, after which, he says, Even coarse injection, impehed
into the aorta, passing freely by the anastomosing branches into the arteries of the right
arm, filhng them and all the vessels of the head completely.' {Surgical Anatomy of the
Head and Neck, p. 62.) The branches by which this circulation would be carried on are
A^ery numerous thus, all the communications across the middle line between the branches
of the carotid arteries of opposite sides would be available for the supply of blood to the
right side of the head and neck
while the anastomosis between the superior intercostal
of the subclavian and the first aortic intercostal (see infm on the collateral circulation after obliteration of the thoracic aorta) would bring the blood, by a free and direct
;

;

—

'

;

;
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course, into the right subclavian the numerous connections, also, between the intercostal
arteries and the branches of the axillary and internal mammary arteries would, doubtless,
assist in the supply of blood to the right arm, while the epigastric, from the external iliac,
would, by means of its anastomosis with the internal mammary, compensate for any
deficiency in the vascularity of the wall of the chest.
Surgical Anatomy. Although the operation of tying the innominate artery has been
performed by several surgeons, for aneurism of the right subclavian extending inwards as
far as the Scalenus, in only two instances has the x^atient survived.* Mott's patient, however, on whom the operation was first performed, lived nearly four weeks, and Graefe's
more than two months. The main obstacles to the operation are, as the student will
perceive from his dissection of this vessel, the deep situation of the artery behind and
beneath the sternum, and the number of important structures which surround it in every
:

—

part.

In order to apply a ligature to this vessel, the patient is to be placed upon his back with
the thorax slightly raised, the head bent a little backwards, and the shoulder on the side
of the aneurism strongly depressed, so as to draw out the artery from behind the sternum
into the neck.
An incision three or more inches long is then made along the anterior
border of the Sterno-mastoid muscle, terminating at the sternal end of the clavicle. From
this point, a second incision is carried about the same length along the upper border of
the clavicle.
The skin is then dissected back, and the Platysma divided on a director
the sternal end of the Sterno-mastoid is now brought into view, and a director being
passed beneath it, and close to its under surface, so as to avoid any small vessels, it is to
be divided in like manner the clavicular origin is to be divided throughout the whole or
greater part of its attachment. By pressing aside any loose cellixlar tissue or vessels that
may now appear, the Sterno-hyoid and Sterno-thyroid muscles will be exposed, and must
be divided, a director being previously passed beneath them. The inferior thyroid veins
may come into view, and must be carefuUy drawn either upwards or downwards, by
means of a blunt hook, or tied with double ligatures and divided. After tearing through a
strong fibro-cellular lamina, the right carotid is brought into view, and being traced downwards, the arteria innominata is arrived at. The left innominate vein should now be
depressed the right innominate vein, the internal jugular vem, and the pneumogastric
nerve drawn to the right side and a curved aneurism needle may then be passed around
the vessel, close to its surface, and in a direction from below upwards and inwards care
being taken to avoid the right pleural sac, the trachea, and cardiac nerves. The ligature
should be applied to the artery as high as possible, in order to allow room between it and
the aorta for the formation of the coagulum. The importance of avoiding the thyroid
plexus of veins during the primary steps of the operation, and the pleural sac whilst
including the vessel in the ligature, should be most carefully borne in mind. The most
frequent cause of death after operation is secondary haemorrhage, which has occurred in
almost every case. Other causes are pleiirisy, pericarditis, and suppurative celhilitis.
:

;

;

;

;

AETEEIES OF THE HEAD AND NECK
The artery which supplies the head and neck is the Common Carotid, vv^hich
ascends in the neck and divides into two branches the External Carotid, which
supplies the superficial parts of the head and face and the greater part of the
neck, and the Internal Carotid, which supplies to a great extent the part within
:

the cranial cavity.

Common Carotid
The common
the neck,

difi'er

Aetep.ies

carotid arteries, although occupying a nearly similar position in

in position, and, consequently, in their relations at their origin.

The

right carotid arises from the innominate artery, behind the right sternoclavicular articulation
the left from the highest part of the arch of the aorta.
The left carotid is, consequently, longer, and at its origin is contained within the
;

thorax.

The course and

relation of that portion of the left carotid

which

inter-

venes between the arch of the aorta and the left sterno-clavicular articulation,
will first be described (see fig. 383).
The left carotid within the thorax ascends obhquely outwards from the arch of
the aorta to the root of the neck. In front, it is separated from the first piece of
In one of these, the operation was performed by Dr. Smyth of Nev/ Orleans. See
the New Sydenham Society's Biennial Betrosj^ect for 1865-6, p. 346.
In the other, the
operation was performed by Dr. Mitchell Banks, in the Liverpool Infirmary. The case is
recorded by Mr. Jacobson in OjJerations of Surgery, p. 536.

;
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the sternum by the Sterno-hyoid and Sterno-thyroid muscles, the left innominate
and the remains of the thymus gland hehind, it lies on the trachea, oeso-

vein,

;

phagus, and thoracic duct.
Internally, it is in relation with the innominate
artery, inferior thyroid veins and remains of Thymus gland
externally, with the
left pneumogastric nerve, left pleura, and lung.
The left subclavian artery is
;

posterior

and external

to

it.

Plan of the Eelations of the Left Common Cabotid.
Thoracic Portion
In front.
Sternum.
Sterno-hj^oid and Sterno-thyroid muscles.
Left innominate vein.
Eemains of thymus gland.

Internally.

Externally.

Innominate

Left pnetmiogastric nerve.
Left pleura and lung.
Left subclavian artery.

artery.
Inferior thyroid veins.

Eemains

of

thymus

gland.

Behind.
Trachea.
CEsophagus.
Thoracic duct.

In the neck, the two

common

description will apply to both.

carotids resemble each other so closely, that one

Each

vessel passes obliquely upwards, from behind
the sterno-clavicular articulation, to a level with the upper border of the thyroid
cartilage, opposite the fourth cervical vertebra, where it divides into the external
and internal carotid these names being derived from the distribution of the
;

head and face, and to the internal parts of the
cranium and orbit respectively.
At the lower part of the neck the two common carotid arteries are separated
from each other by a very small interval, which contains the trachea but at the
upper part, the thyroid body, the larynx and pharynx project forwards between
the two vessels, and give the appearance of their being placed further back in that
situation.
The common carotid artery is contained in a sheath, derived from the
deep cervical fascia, which also encloses the internal jugular vein and pneumogastric nerve, the vein lying on the outer side of the artery, and the nerve between
the artery and vein, on a plane posterior to both.
On opening the sheath, these
three structures are seen to be separated from one another, each being enclosed
arteries to the external parts of the

;

.

in a separate fibrous investment.

—

Relations.
At the lower part of the neck the common carotid artery is very
deeply seated, being covered by the integument, superficial fascia, Platysma, and
deep cervical fascia, the Sterno-mastoid, Sterno-hyoid, and Sterno-thyroid muscles,
and by the Omo-hyoid, opposite the cricoid cartilage but in the upper part of its
course, near its termination, it is more superficial, being covered merely by the
integument, the superficial fascia, Platysma, deep cervical fascia, and inner margin
of the Sterno-mastoid, and is contained in a triangular space, bounded behind by
;

the Sterno-mastoid, above by the posterior belly of the Digastric, and below by
the anterior belly of the Omo-hyoid.
This part of the artery is crossed obliquely,
from within outwards, by the sterno-mastoid artery it is crossed also by one, or
sometimes two superior thyroid veins, which terminate in the internal jugular
and descending on its sheath in front is seen the descendens hypoglossi nerve, this
;

filament being joined by one or two branches from the cervical nerves, which
cross the vessel from without inwards.
Sometimes the descendens hypoglossi is
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contained within the sheath. Tlie middle tiiyroid vein crosses the artery about
Behind, the artery lies in front
middle, and the anterior jugular vein below.
of the cervical portion of the spine, resting first on the Longus colli muscle, then
on the Rectus capitis anticus major, from which it is separated by the sympathetic
nerve.
The recurrent laryngeal nerve and inferior thyroid artery cross behind the
Internally, it is in relation with the trachea and thyroid
vessel at its lower part.
gland, the inferior thyroid artery and recurrent laryngeal nerve being interposed
its

:

Fig. 386.

— Superficial dissection of the right side of the neck, showing the carotid
and subclavian

ai'teries.

Fig. 387.— Plan of
the branches of the
external carotid.

higher up, with the larynx and pharynx.
jugular vein and pneumogastric nerve.

On its

outer side are placed the internal

At the lower part of the neck, the internal jugular vein on the right side
diverges from the artery, but on the left side it approaches it, and often crosses its
lower part.^ This is an important fact to bear in mind during the performance of
any operation on the lower part of the left common carotid artery.
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Plan of the Eelations of the Common Caeotid Aeteby
In front.
Integument, and superficial

Deep

Omo-hyoid.
Descendens and Commnnicans hypoglossi

fascia.

cervical fascia.

Platysma.
Sterno -mastoid.

Sterno-mastoid artery.
Superior and middle thyroid veins.
Antei-ior jugular vein.

Sterno-hyoid.
Sterno-thyroid.

Internally.

/

Externally.

\

Trachea.

^

Internal jugular vein.
Pneumogastric nerve.

[nerves.

\

/
Carotid.
(

Thyroid gland.
Eecurrent laryngeal nerve.

J

Inferior thyroid artery.

Larynx.
Pharynx.

Behind.

Longus

Sympathetic nerve.

colli.

Ptectus capitis anticus major.

Inferior thyroid artery.

Recurrent laryngeal nerve.

—

Peculiarities as to Origin. The right common carotid may arise above or below its
usual point, the upper border of the sterno-clavicular articulation. This variation occurs
in one out of about eight cases and a half, and the origin is more frequentlj' above than
below the usual point or the artery may arise as a separate branch from the arch of the
aorta, or in conjunction with the left carotid.
The left common carotid varies more
frequently in its origin than the right. In the majority of abnormal cases it arises with
the innominate artery, or, if the innominate artery is absent, the two carotids arise usually
by a single trunk. The left carotid is occasionally the first branch given off from the arch
of the aorta.
It rarely joins with the left subclavian, except in cases of transposition of
the arch.
Peculiarities as to point of Division. The most important peculiarities of this vessel,
in a surgical point of view, relate to its place of division in the neck.
In the majority of
abnormal cases, this occurs higher than tisual, the artery dividing into two branches
opposite the hyoid bone, or even higher more rarely, it occurs below its usual place
opposite the middle of the larynx, or the lower border of the cricoid cartilage; and one
case is related by Morgagni, where the common carotid, only an inch and a half in length,
divided at the root of the neck. Very rarely, the common carotid ascends in the neck
without any subdivision, the internal carotid being wanting and in a few cases the
common carotid has been found to be absent, the external and internal carotids arising
directly from the arch of the aorta.
This peculiarity existed on both sides in some
:

—

;

;

instances, on one side in others.

—

Occasional Branches. The common carotid usually gives off no branch previous to its
bifurcation but it occasionally gives origin to the superior thyroid, or its laryngeal branch,
the inferior thyroid, or, more rarely, the vertebral artery.
Surface Marhing. The carotid arteries are overlapped throughout their entire extent
by the anterior border of the Sterno-mastoid muscle, but their course does not correspond
to the border of the muscle, which passes in a somewhat curved direction from the mastoid
process to the sterno-clavicular joint. The course of the artery is indicated mora exactly
by a line drawn from the sternal end of the clavicle below, to a point midway between the
angle of the jaw and the mastoid process above. That portion of the line below the level
of the upper border of the thyroid cartilage would represent the com-se of the vessel.
Surgical Anatomy. The operation of tying the common carotid artery maj' be
necessary in a case of wound of that vessel or its branches, in aneurism, or in a case of
pulsating tumour of the orbit or skull. If the wotmd involves the trunk of the common
But in
carotid, it will be necessary to tie the artery above and below the wounded part.
cases of anem-ism, or where one of the branches of the common carotid is wounded in an
In such cases, the
inaccessible sititation, it may be judged necessary to tie the trunk.
whole of the artery is accessible, and any part may be tied, except close to either end.
When the case is such as to allow of a choice being made, the lower part of the carotid
should never be selected as the spot upon which to place a ligature, for not only is the
artery in this situation placed very deeply in the neck, but it is covered by three layers of
muscles, and, on the left side, the internal jugular vein, in the great majority of cases, passes
obliquely in front of it.
Neither should the upper end be selected, for here the superior
thyroid vein and its tributaries would give rise to very considerable difficulty in the application of a ligature. The point most favourable for the operation is that part of the vessel
which is at the level of the cricoid cartilage. It occasionally happens that the carotid
artery bifurcates below its usual position if the artery be exposed at its point of bifurcation.
;

—

—

:
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both divisions of the vessel sliould be tied near tlieir origin, in preference to tying the
trunk of the artery near its termination and if, in consequence of tlie entire absence
;

of the common carotid, or from its early division, two arteries, the external and internal
carotids, are met with, the ligature should be placed on that vessel which is found on
compression to be connected with the disease.
In this operation, the direction of the vessel and the inner margin of the Sterno-mastoid
are the chief guides to its performance. The patient should be placed on his back with
the head thrown back and turned slightly to the opposite side an incision is to be made,
three inches long, in the direction of the anterior border of the Sterno-mastoid, so that
the centre corresponds to the level of the cricoid cartilage after dividing the integument,
superficial fascia, and Platysma, the deep fascia must be cut through on a director, so as
The head may
to avoid wounding numerous small veins that are usually found beneath.
now be brought forwards so as to relax the parts somewhat, and the margins of the
wound held asunder by retractors. The descendens hypoglossi nerve may now be
exposed, and must be avoided, and the sheath of the vessel having been raised by forceps,
The internal jugular
is to be opened to a small extent over the artery at its inner side.
vein may present itself alternately distended and relaxed; this should be compressed,
both above and below, and drawn outwards, in order to facilitate the operation. The
aneurism needle is passed from the outside, care being taken to keep the needle in close
contact with the artery, and thus avoid the risk of injuring the internal jugular vein,
Before the ligature is tied, it should be ascertained that
or including the vagus nerve.
nothing but the artery is included in it.
Ligature of the Common Carotid at the Loiver Part of the Nech. This operation is
sometimes required in cases of aneurism of the upper part of the carotid, especially if the
It is best performed by dividing the sternal origin of the Sternosac is of large size.
mastoid muscle, but may be done in some cases, if the aneurism is not of very large size,
by an incision along the anterior border of the Sterno-mastoid, extending down to the
The easiest and best
sterno- clavicular articulation, and by then retracting the muscle.
plan, however, is to make an incision two or three inches long down the lower part of the
anterior border of the Sterno-mastoid muscle to the sterno -clavicular jo^nt, and a second
incision, starting from the termination of the first, along the upper border of the clavicle
This incision is made through the superficial and deep fascia, and
for about two inches.
the sternal origin of the muscle exposed. This is to be divided on a director' and turned
Some loose connective tissue
up, with the superficial structures, as a triangular fiap.
is to be divided or torn through, and the outer border of the Sterno-hyoid muscle exposed.
In doing this, care must be taken not to wound the anterior jugular vein, which crosses
the muscle to reach the external jugular or subclavian vein. The Sterno-hyoid, and
with it the Sterno-thyroid, are to be drawn inwards by means of a retractor, and the
sheath of the vessel is exposed. This must be opened with great care on its inner or
tracheal side, so as to avoid the internal jugular vein. This is especially necessary on
the left side, where the artery is commonly overlapped by the vein. On the right side
there is usually an interval between the artery and the vein, and not the same risk of
wounding the latter.
The common carotid artery, being a long vessel without any branches, is particularly
suitable for the performance of Brasdor's operation for the cure of an aneurism of the
lower part of the vessel. Brasdor's procedure consists in ligatimng the artery on the
distal side of the aneurism, and in the case of the common carotid there are no branches
given off from the vessel between the aneurism and the site of the ligature, hence the flow
of blood through the sac of the aneurism is diminished and cure takes place in the usual
way, by the deposit of laminated fibrin.
Collateral Circulation. After ligatiu'e of the common carotid, the collateral circulation can be perfectly established, by the free communication which exists between the
carotid arteries of opposite sides, both without and within the cranium, and by enlargement of the branches of the subclavian artery on the side corresponding to that on which
the vessel has been tied the chief communication outside the skull taking place between
the superior and inferior thyroid arteries, and the profiuida cervicis and arteria princeps
cervicis of the occipital the vertebral taking the place of the internal carotid within the
:

:

—

—

—

;

cranium.
Sir A. Cooper had an opportunity of dissecting, thirteen years after the operation, the
case in which he first successfully tied the common carotid (the second case in which he
performed the operation).* The injection, however, does not seem to have been a sucIt showed merely that the arteries at the base of the brain (circle of Willis)
cessful one.
were much enlarged on the side of the tied artery, and that the anastomosis between the
branches of the external carotid on the afi'ected side and' those of the same artery on
the sound side was free, so that the external carotid was pervious throughout.
*

Gu.ifs Hosjntal Be2:)orts,

i.
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ExTEBNAL Carotid Aeteey
The external carotid artery (fig. 386) commences opposite the upper border of
the thyroid cartilage, and, taking a slightly curved course, passes upwards and
forwards, and then inclines backwards to the space between the neck of the condyle of the lower jaw and the external meatus, where it divides into the temporal
and internal maxillary arteries. It rapidly diminishes in size in its course up
the neck, owing to the number and large size of the branches given off from it.
In the child, it is somewhat smaller than the internal carotid but in the adult,
At its commencement, this artery is
the two vessels are of nearly equal size.
more superficial, and placed nearer the middle line than the internal carotid, and
is contained in the triangular space bounded by the Sterno-mastoid behind,
the Omo-hyoid below, and the posterior belly of the Digastric and Stylo-hyoid
;

above.
Relations.

—

It is

and anterior margin
by the lingual and

covered by the skin, superficial

fascia, Platysma, deep fascia,
by the hypoglossal nerve, and
afterwards crossed by the Digastric and

of the Sterno-mastoid, crossed

it is
facial veins
Stylo-hyoid muscles, and higher up passes deeply into the substance of the
parotid gland, where it lies beneath- the facial nerve and the junction of the
temporal and internal maxillary veins. Internally is the hyoid bone, wall of the
pharynx, the superior laryngeal nerve, and the ramus of the jaw, from which it
Externally in the lower part of
is separated by a portion of the parotid gland.
;

,

the internal carotid artery. Behind it, near its origin, is the superior
and higher up, it is separated from the internal carotid by the
laryngeal nerve
Stylo-glossus and Stylo-pharyngeus muscles, the glosso-pharyngeal nerve, and

its

course,

is

;

part of the parotid gland.

Plan of the Eelations op the External Carotid
In J^ront.
Skin, superficial fascia.

Platysma and deep

fascia.

Anterior border of Sternd-iuastoid.
Hypogiossal nerve.
Lino^ual and facial veins.
Digastric and Stylo-hyoid muscles.

[substance.

Parotid gland with facial nerve and temporo-maxillary vein in

its

Internally.

Hvoid bone.

/

Pharynx.

(

Superior laryngeal nerve.
Parotid gland.
Eamus of jaw.

-c /
77
Externally.

\

E'^tewai

]

Carotid.
\

Internal carotid artery.
j

Behind.
Superior laryngeal nerve.
Stylo-glossus.

Stylo-pharyngeus.
Glosso-pharyngeal nerve.
Parotid gland.

—

Surface MarMng. The position of the external carotid artery may be marked out with
accuracy by a line drawn from the front of the meatus of the external ear to the
side of the cricoid cartilage, slightly arching the line forwards.
Surgical Anatomy.— The a^jplication of a ligature to the external carotid may be
required in cases of wounds of this vessel, or of its branches when these cannot be tied,
and in some cases of pulsating tumours of the scalp or face. The operation has not received
the attention which it deserves, owing to the fear which surgeons have entertained of
secondary hfemorrhage, on account of the number of branches given off from the vessel.
This fear, however, has been shown by Mr. Cripps not to be well founded.* To tie this
sufficient

*

Med.-Chir. Trans.

Ixi.
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vessel near its origin, below the point where it is crossed by the Digastric, an incision
about three inclies in length should be made along the margin of the Sterno-mastoid,
from the angle of the jaw to the upper border of the thyroid cartilage. The ligature
should be applied between the lingual and superior thyroid branches. To tie the vessel
above the Digastric, between it and the parotid gland, an incision should be made,
from the lobe of the ear to the great cornu of the os hyoides dividing successively

the skin, Platysma, and fascia. By drawing the Sterno-mastoid outwards, and the
posterior belly of the Digastric and Stylo-hyoid muscles downwards, and separating them
from the parotid gland, the vessel will be exposed, and a ligature may be applied to it.
The circulation is at once re-established by the free communication between most of the
large branches of the artery (facial, lingual, superior thyroid, occipital) and the corresponding arteries of the opposite side, and by the anastomosis of its branches with those of
the internal carotid, and of the occipital with branches of the subclavian, etc.

Branches.

— The

external carotid artery gives off eight branches, which, for
may be divided into four sets. (See fig. 387, Plan of

convenience of description,
the Branches.)

Ascending.

Posterior.

Anterior.

Superior Thyroid.
Lingual.

Occipital.

Ascending Pha-

Posterior Auricvilar.

Terminal.
Superficial Temporal.

Internal Maxillary.

ryngeal.

Facial.

The student is here reminded that many variations are met with in the
number, origin, and course of these branches in different subjects; but the above
arrangement is that which is found in the great majority of cases.
The Superior Thyroid Artery (figs. 386 and 391) is the first branch given off
from the external carotid, being derived from that vessel just below the great
cornu of the hyoid bone. At its commencement, it is quite superficial, being
covered by the integument, fascia, and Platysma, and is contained in the
triangular space bounded by the Sterno-mastoid, Digastric, and Omo-hyoid
muscles. After running upwards and inwards for a short distance, it curves
downwards and forwards, in an arched and tortuous manner, to the upper part
of the thyroid gland, passing beneath th^ Omo-hyoid, Sterno-hyoid, and Sternothyroid muscles and supplying them. It distributes numerous branches to the
upper part of the gland, anastomosing with its fellow of the opposite side, and
with the inferior thyroid arteries. The branches supplying the gland are

number

one, the largest, supplies principally the anterior
courses along the inner border of the lobe as far as the
upper border of the isthmus, and then passes in the substance of the isthmus to
the middle line of the neck, where it anastomoses with the corresponding artery

generally three in

surface of the gland

;

:

it

a second branch courses along the external border of the
and supplies this portion of the gland, and the third passes to the posterior
surface, the upper part of which it supplies.
Besides the arteries distributed to
the muscles by which it is covered and the substance of the gland, the branches
of the opposite side

:

lobe

of the superior

thyroid are the following

:

Hyoid.

Superior Laryngeal.

Superficial descending branch (Sterno-mastoid).

Crico-thyroid.

The hyoid

(infra-hyoid) is a small branch which runs along the lower border
hyoides beneath the Thyro-hyoid muscle after supplying the muscles
connected to that bone, it forms an arch, by anastomosing with the vessels of
of the OS

;

the opposite side.

The superficial descending branch runs downwards and outwards across the
sheath of the common carotid artery, and supplies the Sterno-mastoid and neighbouring muscles and integument. There is also often a distinct branch from the
external carotid distributed to the Sterno-mastoid muscle.
The superior laryngeal, larger than either of the preceding, accompanies the
superior laryngeal nerve, beneath the Thyro-hyoid muscle it pierces the thyro;

hyoid membrane, and supplies the muscles, mucous membrane, and glands of
the larynx, anastomosing with the branch from the opposite side.
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The crico-tliyroid is a small branch which runs transversely across the cricothyroid membrane, communicating with the artery of the opposite side.

—

Surgical Anatomy. The superior thyroid, or some of its branches, is often divided in
cases of cut throat, giving rise to considerable haemorrhage. In such cases, the artery
sliould be secured, the wound being enlarged for that purpose, if necessary.
The operation may be easily performed, the position of the artery being very superficial, and the
only structures of importance covering it being a few small veins. The operation of tying
the superior thyroid artery, in bronehocele, has been performed in numerous instances
with partial or temporary success. When, however, the collateral circulation between
this vessel and the artery of the opposite side, and the inferior thyroid, is completely
re-established, the tumour usuaUy regains its former size.
The position of the superficial descending branch is of importance in connection with
the operation of ligature of the common carotid artery. It crosses and lies on the sheath
of this vessel and may chance to be woimded in opening the sheath.
The position of the
crico-thyroid branch should be remembered, as it may prove the source of troublesome
haemorrhage dirring the operation of laryngotomy.

The Lingual Artery

(fig.

superior thyroid and facial

;

391) arises from the external carotid between the
first runs obliquely upwards and inwards to the

it

it then curves downwards and forwards, forming
which is crossed by the Kypoglossal nerve, and passing beneath the
Digastric and Stylo-hyoid muscles, it runs horizontally forwards, beneath the
Hyo-glossus, and finally, ascending perpendicularly to the tongue, turns forwards
on its under surface as far as the tip, under the name of the ranine artery.

great cornu of the hyoid bone

;

a loop

Relations.— Its

first,

same triangular space

or oblique, portion is superficial, being contained in the

upon the Middle
and covered by the Platysma, and fascia of the neck.
Its second, or curved, portion also lies upon the Middle constrictor, being covered
at first by the tendon of the Digastric and the Stylo-hyoid muscle, and afterwards
by the Hyo-glossus, the latter muscle separating it from the hypoglossal nerve.
Its third, or horizontal, portion lies between the Hyo-glossus andGenio-hyo-glossus
muscles. The fourth, or terminal, part, under the name of the ranine, runs along
the under surface of the tongue to its tip
here it is very superficial, being
covered only by the mucous membrane, and rests on the Lingualis, on the outer
as the superior thyroid artery, resting

constrictor of the pharynx,

:

side of the Genio-hyo-glossus.
The hypoglossal nerve crosses the lingual artery,
and then becomes separated from it, in the second part of its course, by the

Hyo-glossus muscle.
The branches of the lingua] artery

are, the

Hyoid.

Sublingual.

Dorsalis Linguae.

Eanine.

The hyoid branch

(supra-hyoid) runs along the upper border of the hyoid

bone, supplying the muscles attached to
the opposite side.

and anastomosing with

it

its

fellow of

The dorsalis linguae (fig. 391) arises from the lingual artery beneath the Hyoglossus muscle (which, in the figure, has been partly cu.t away, to show the
vessel)

;

it

ascends to the dorsum of the tongue, and supplies the mucous memand epiglottis anastomosing with its fellow from

brane, the tonsil, soft palate,'

;

the opposite side.

The

sublingual,

which may be described as

a branch of bifurcation of the

the Hyo-glossus muscle, and
runs forward between the Genio-hyo-giossus and the sublingual gland. It
supplies the substance of the gland, giving branches to the Mylo-hyoid and
neighbouring muscles, the mucous membrane of the mouth and gu.ms. One
branch runs behind the alveolar process of the lower jaw in the substance of the
gum to anastomose with a similar artery from the other side.
The ranine may be regarded as the other branch of bifurcation, or, as is more
it runs along the under surface
usual, as the continuation of the lingual artery
of the tongue, resting on the Inferior lingualis, and covered by the mucous
lingual artery, arises at the anterior margin of

;

00
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the Genio-hyo-glossus,
it hes on the outer side of
of the mouth
accompanied by the hngual nerve. On arriving at the tip of the tongue, it has
been said to anastomose with the artery of the opposite side but this is denied
by Hyrtl. These vessels in the mouth are placed one on each side of the frsenum.

membrane

;

;

Surgical Anxifomy.

—The Hngual artery may be divided near

its

origin in cases of cut

happens in this class of wounds or severe
liEemorrhage which cannot be restrained by ordinary means, may ensue from a wound, or
deep ulcer, of the tongne. In the former case, the primary wound may be enlarged if
In the latter case, it has been suggested that
necessary, and the bleeding vessel secured.

throat, a complication that not unfrequently

;

the lingtial artery should be tied near its origin. Ligature of the lingual artery is also
occasionally practised, as a palliative measure, in cases of cancer of tlae tongue, in order
to check the progress of the disease by starving the growth, and it is sometimes tied, as a
preliminary measure to removal of the tongue. The operation is a diflicult one, on
account of the depth of the artery, the number of important parts by which it is surrounded, the loose and jdelding natru'e of the parts upon which it is supported, and its
occasional irregularity of origin. An incision is to be made in a curved direction from a
finger's breadth external to the symphysis of the jaw downwards to the cornu of thehyoid
Care must be taken not to carrj^
bone, and then upw^ards to near the angle of the jaw.
In the first
this incision too far backwards, for fear of endangering the facial vein.
incision the skin, superficial fascia, and Platysma will be divided, and the deep fascia
exposed. This is tlien to be incised and the submaxillary gland exposed and pulled
upwards by retractors. A triangular space is now exposed, bounded internally by the
below and externally, by the tendon of the
posterior border of the Mylo-hyoid muscle
and above, by the liypogiossal nerve. The floor of the space is formed by
Digastric
The fibres of this muscle are now
the Hyoglossus muscle, beneath which the artery lies.
to be ci;t through horizontally, and the vessel exposed, care being taken, while near the
vessel, not to open the pharynx.
Troublesome haemorrhage may occur in the division of the frtenum in children, if the
ranine artery, which lies on each side of it, is wounded. The student should remember
that the operation is always to be performed with a pair of blunt-pointed scissors, and the
mucous membrane onlj' is to be divided by a very superficial cut, which cannot endanger
any vessel. The scissors, also, should be directed away from the tongue. Any further
liberation of the tongue which may be necessary can be effected by tearing.
;

;

The Facial Artery (fig. 388) arises a little above the lingual, and passes
obliquely upwtirds, beneath the Digastric and Stylo-hyoid muscles it then runs
forwards under cover of the body of the lower jaw, lodged in a groove on the
;

this may be called the cervical part
then curves upwards over the body of the jaw at the anterior
inferior angle of the Masseter muscle
passes forwards and upwards across the
cheek to the angle of the mouth, then upwards along the side of the nose, and
terminates at the inner canthus of the eye, under the name of the angular artery.
This vessel, both in the neck and on the face, is remarkably tortuous in the
former situation, to accommodate itself to the^ movements of the pharynx in

posterior surface of the submaxillary gland
of the artery.

;

It

;

:

deglutition

;

and

in the latter, to the

movements

and the

of the jaw,

cheeks.
Relations

lips

and

In the neck, its origin is superficial, being covered by the
integument, Platysma, and fascia it then passes beneath the Digastric and
Stylo-hyoid muscles, and the submaxillary gland.
On the face, where it passes
over the body of the lower jaw, it is comparatively superficial, lying immediately
beneath the Platysma. In this situation its pulsation may be distinctly felt, and
compression of the vessel effectually made against the bone for a time. In its
course over the face, it is covered by the integument, the fat of the cheek, and,
near the angle of the mouth, by the Platysma, Risorius, and Zygomatici muscles.
It rests on the Buccinator, the Levator anguli oris, and the Levator labii superioris
(sometimes piercing or else passing under this last muscle). It is accompanied
by the facial vein throughout its entire course the vein is not tortuous like the
artery, and, on the face, is separated from that vessel by a considerable interval,
The branches of the facial nerve cross the artery, and
lying to its outer side.
the infra-orbital nerve lies beneath it.
The branches of this vessel may be divided into two sets those given off
below the jaw^ (cervical), and those on the face (facial).
;

;

:
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Cervical Branches.

Facial Branches.

Inferior or Ascending Palatine.

Muscular.

Tonsillar.

Inferior Labial.

Submaxillary.
Submental.
Muscular.

Inferior Coronary.
Superior Coronary.

Lateralis Nasi.

Angular.

The inferior or ascending palatine (fig. 391) passes up between the Styloglossus and Stylo-pharyngeus to the outer side of the pharynx, along which it is
continued between the Superior constrictor and the Internal pterygoid to near
the base of the skull.
It supplies the neighbouring muscles, the tonsil, and
Fig. 38S.

—-The arteries of the face and scalp.*

Arteria septi nasi

Superior coronary

In^enor coronary

Intel tor labial

Eustachian tube, and divides, near the Levator palati, into two branches one
follows the course of the Levator palati, and, winding over the upper border of
:

the

Superior constrictor,

supplies

the

soft

palate

and the palatine glands,

anastomosing with its fellow of the opposite side and with the posterior palatine
branch of the internal maxillary artery the other pierces the Superior constrictor and supplies the tonsil, anastomosing with the tonsillar artery.
The tonsillar branch (fig. 391) passes up between the Internal Pterygoid and
Stylo-glossus, and then ascends along the side of the pharynx, perforating the
Superior constrictor, to ramify in the substance of the tonsil and root of the
;

tongue.
* The muscular tissue of the lips must be supposed
show the course of the coronary arteries.

to

have been cut away, in order
2

to

;
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The submaxillary consist of three or fovir large branches, which supply the
submaxillary gland, some being prolonged to the neighbouring muscles, lymphatic
glands, and integument.
The submental, the largest of the cervical branches, is given off from the facial
artery just as that vessel quits the submaxillary gland it runs forwards upon the
Mylo-hyoid muscle, just below the body of the jaw, and beneath the Digastric
after supplying the surrounding muscles, and anastomosing with the sublingual
artery by laranches which perforate the Mylo-hyoid muscle, it arrives at the
symphysis of the chin, where it turns over the border of the jaw and divides into
a superficial and a deep branch the former passes between the integument and
Depressor labii inferioris, supplies both, and anastomoses with the inferior labial.
The deep branch passes between the latter muscle and the bone, supplies the
lip, and anastomoses with the inferior labial and mental arteries.
The muscular branches are distributed to the Internal pterygoid and Stylohyoid in the neck, and to the Masseter and Buccinator on the face.
The inferior labial passes beneath the Depressor anguli oris, to supply the
muscles and integument of the lower lip, anastomosing with the inferior coronary
and submental branches of the facial, and with the mental branch of the inferior
:

;

;

dental artery.

from the facial artery, near the angle of the
passes upwards and inwards beneath the Depressor anguli oris, and,
penetrating the Orbicularis oris muscle, runs in a tortuous course along the edge
of the lower lip between this muscle and the mucous membrane, inosculating
with the artery of the opposite side. This artery supplies the labial glands, the
mucous membrane, and muscles of the lower lip; and anastomoses with the
inferior labial and the mental branch of the inferior dental attery.
The superior coronary is larger and more tortuous in- its course than the
It follows the same course along the edge of the upper lip, lying
preceding.
between the mucous membrane and the Orbicularis oHs, and anastomoses with

The
mouth

inferior coronary is derived
it

;

It supplies the textures of the upjJer lip, and
the artery of the opposite side.
One,
gives off in its course two or three vessels which ascend to the nose.

named

the inferior aftery of the septuvi, ramifies'on the septum of the nares as
nose aiiother, the (Crlery of the ala, supplies the ala of
the nose.
The lateralis nasi, is derived from the facial, as that vessel is ascending along
far as the poiiit of the
^

;

-

,

the side of the nose; it supplies the ala and dorsum of the nose, anastomosing
with its fellow, the nasal branch of the ophthalmic, the inferior artery of the
septum, the artery of the ala, and the infra-orbital.
The angular artery is the termination of the trunk of the facial it ascends
;

embedded

the Levator labii
superioris alseque nasi, and accompanied by a large vein, the angular; it
distributes some branches on the cheek which anastomose with the infra- orbital,
and, after supplying the lachrymal sac and Orbicularis palpebrarum muscle,
terminates by anastomosing with the nasal branch of the ophthalmic artery.
The anastomoses of the facial artery are very numerous, not only with the
vessel of the opposite side, but, in the neck, with the sublingual branch of the
lingual with the ascending pharyngeal with the posterior palatine, a branch of
the internal maxillary, by its inferior or ascending palatine and tonsillar branches
on the face, with the mental branch of the inferior dental as it emerges from

to the inner angle of

the orbit,

in the fibres

of

_

;

;

the mental foramen with the transverse facial, a branch of the temporal with
the infra-orbital, a branch of the internal maxillary and with the nasal branch
of the ophthalmic.
;

;

;

—

Peculiarities.
The facial artery not unfreqnently arises by a common trunk with the
This vessel is also subject to some variations in its size, and in the extent to
which it supplies the face. It occasionally terminates as the submental, and not unfreqtiently supplies the face only as high as the angle of the inouth or nose.
The deficiency
lingual.

is

then supphed by enlargement of one of the neighbouring

arteries.

—

;
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Surgical Anatomy. The passage of the facial artery over the body of the jaw would
appear to afford a favourable position for the application of pressure in cases of hsemorrhao-e
from the lips, the result either of an accidental wound or during an operation but its
application is useless, except for a very short time, on account of the free communication
of this vessel with its fellow, and with numerous branches from different sources.
In a
;

wound involving the lip, it is better to seize the part between the fingers, and evert it,
when the bleeding vessel may be at once secured with pressure-forceps. In order to prevent
haemorrhage in cases of removal of diseased growths from the part, the lip should be
compressed on each side between the fingers and thumb, or by a pair of specially
devised clamp-forceps, whilst the surgeon excises the diseased part. In order to stop
haemorrhage where the lip has been divided in an operation, it is necessary, in uniting
the edges of the wound, to pass the sutures through the cut edges, almost as deep as its
mucou.s surface by these means, not only are the cut surfaces more neatly and securely
adapted to each other, but the possibility of haemorrhage is prevented by including in the
suture the divided artery. If the suture is, on the contrary, passed thi^ough merely the
cutaneous portion of the wound, haemorrhage occurs into the cavity of the mouth. The
student should, lastly, observe the relation of the angular artery to the lachrymal sac,
;

will be seen that, as the vessel passes up along the inner margin of the orbit, it
its nasal side.
In operating for fistula lachrj^nalis, the sac should always be
opened on its outer side, in order that this vessel may be avoided.

and

it

ascends on

The

Occipital Artery

388) arises from the posterior part of the external
near the lower margin of the Digastric muscle. At

(fig.

carotid, opposite the facial,

origin, it is covered by the posterior belly of the Digastric and Stylo-hyoid
muscles, and the hypoglossal nerve winds around it from behind forwards
higher up, it passes across the internal carotid artery, the internal jugular vein,
and the pneumogastric and spinal accessory nerves it then ascends to the
interval between the transverse process of the atlas and the mastoid process of
the temporal bone, and passes horizontally backwards, grooving the surface of
the latter bone, being covered by the Sterno-mastoid, Splenius, Trachelo-mastoid,
and Digastric* muscles, and resting upon the Rectus lateralis, the Superior
oblique, and Complexus muscles
it then changes its course and passes vertically
upwards, pierces the fascia which connects the cranial attachment of the Trapezius
with the Sterno-mastoid, and ascends in a tortuous course over the occiput, as
high as the vertex, where it divides into numerous branches. It is accompanied
in the latter part of its course by the great occipital and a cutaneous filament
from the suboccipital nerve.
The branches given off from this vessel are,
its

;

;

Muscular.

Auricular.
Meningeal.
Sterno-mastoid.
Arteria Princeps Cervicis.

The muscular branches supply the Digastric, Stylo-hyoid, Splenius, and
Trachelo-mastoid muscles.
The sterno-mastoid is a large and constant branch, generally arising from the
artery close to its commencement.
It first passes upwards and backwards, and
then turns downwards over the hypoglossal nerve, and enters the substance of
the muscle, frequently in company with the spinal accessory nerve.
The auricular branch supplies the back part of the concha. It frequently
gives off a branch, which enters the skull through the mastoid foramen and
supplies the dura mater, the diploe, and the mastoid cells.
The meningeal branch ascends with the internal jugular vein, and enters the
skull through the foramen lacerum posterius, to supply the dura mater in the
posterior fossa.

The arteria princeps cervicis (fig. 391) is a large branch which descends
along the back part of the neck, and divides into a superficial and deep portion.
The former runs beneath the Splenius, giving off branches which perforate that
muscle to supply the Trapezius, anastomosing with the superficial cervical artery,
a branch of the transversalis colli
the latter passes beneath the Complexus,
between it and the Semispinalis colli, and anastomoses with branches from the
vertebral and with the deep cervical artery, a branch of the superior intercostal.
:

—

—

:
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The anastomosis between these

vessels serves mainly to establish the collateral

circulation after hgature of the carotid or subclavian artery.
The cranial branches of the occipital artery are distributed

upon the occiput

they are very tortuous, and lie between the integument and Occipito-frontalis,
anastomosing with the artery of the opposite side, the posterior auricular and
temporal arteries. They supply the back part of the Occipito-frontalis muscle,
the integument, and pericranium.
The Posterior Auricular Artery (fig. 388) is a small vessel which arises from
the external carotid, above the Digastric and Stylo-hyoid muscles, opposite the
apex of the styloid process. It ascends, under cover of the parotid gland, to the
groove between the cartilage of the ear and the mastoid process, immediately
above which it divides into its two terminal branches, the auricular and mastoid.
Just before arriving at the mastoid process, this artery is crossed by the portio
dura, and has beneath it the spinal accessory nerve.
Besides several small branches to the Digastric, Stylo-hyoid, and Sternomastoid muscles, and to the parotid gland, this vessel gives off three branches
:

Auricular.

Stylo-mastoid.

Mastoid.

The stylo-mastoid branch enters the stylo-mastoid foramen, and supplies the
tympanum, mastoid cells, and semicircular canals. In the young subject a branch
from this vessel forms, with the tympanic branch from the internal maxillary, a
vascular circle, which surrounds the auditory meatus, and from which delicate
It anastomoses with the petrosal
vessels ramify on the membrana tympani.
branch of the middle meningeal artery by a twig, which enters the hiatus
Fallopii.

The auricular branch, one of the terminal branches, ascends behind the ear,
beneath the Eetrahens aurem muscle, and is distributed to the baCck part of the
cartilage of the ear, upon w-hich it ramifies minutely, some branches curving
round the margin of the fibro-cartilage, others perforating it, to supply its anterior
It anastomoses with the posterior branch of the superficial temporal
surface.
and also with its anterior auricular branches.
The mastoid branch passes backwards, over the Sterno-mastoid muscle, to the
scalp above and behind the ear.
It supplies the posterior belly of the Occipitofrontalis muscle and the scalp in this situation.
It anastomoses with the occipital
artery.

The Ascending Pharyngeal Artery
external carotid,

is

(fig. 391), the smallest branch of the
a long, slender vessel, deeply seated in the neck, beneath the

other branches of the external carotid and the Stylo-pharyngeus muscle.
It
from the back part of the external carotid, near the commencement of
that vessel, and ascends vertically between the internal carotid and the side of

arises

the pharynx, to the under surface of the base of the skull, lying on the Eectus
capitis anticus major.
Its branches may be subdivided into four sets
:

Prevertebral.

Pharyngeal.

Tympanic.

Meningeal.

The prevertebral branches are numerous small vessels, which supply the
Eecti capitis antici and Longus colli muscles, the sympathetic, hypoglossal, and
pneumogastric nerves, and the lymphatic glands of the neck, anastomosing with
the ascending cervical artery.

The pharyngeal branches

are three or four in number.
Two of these descend
and inferior Constrictors and the Stylo-pharyngeus, ramifying
in their substance and in the mucous membrane lining them.
The largest of
the pharyngeal branches passes inwards, running upon the Superior constrictor,
and sends ramifications to the soft palate and tonsil, which take the place of the
ascending palatine branch of the facial artery, when that vessel is of small size.
A twig from this branch supphes the Eustachian tube.
The tympanic branch is a small artery which passes through a minute foramen
in the petrous portion of the temporal bone, in company with the tympanic
to supply the middle
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branch of the Glosso-pharyngeal nerve to supply the inner wall of the tympanum
and anastomose with the other tympanic arteries.
The meningeal branches consist of several small vessels, which pass through
foramina, in the base of the skull, to supply the dura mater.
One, the posterior
meningeal, enters the cranium through the foramen lacerum posterius a second
passes through the foramen lacerum medium; and occasionally a third through
the anterior condyloid foramen.
They are all distributed to the dura mater.
;

Surgical ^wa.to?;ii/.— The ascending pharyngeal artery has been wounded from the
throat; as in the case in wloich the stem of a tobacco-pipe was driven into the vessel,
causing fatal h-asmorrhage.

The Superficial Temporal Artery (fig. 388), the smaller of the two terminal
branches of the external carotid, appears, from its direction, to be' the continuation of that vessel.
It commences in the substance of the parotid gland, in the
interspace between the neck of the condyle of the lower jaw and the external
auditory meatus, crosses over the posterior root of the zygoma, passes beneath
the Attrahens aurem muscle, lying on the temporal fascia, and divides, about
two inches above the zygomatic arch, into two branches, an anterior and a
posterior.

The anterior temporal inclines forwards over the forehead, supplying the
muscles, integument, and pericranium in this region, and anastomoses with the
supra-orbital

The

and frontal

arteries.

posterior temporal, larger than the anterior, curves

upwards and backand

wards along the

side of the head, lying superficial to the temporal fascia,

inosculates with

its

and

fellow of the opposite side, and with the posterior auricular

occipital arteries.

The superficial temporal artery, as it crosses the zygoma, is covered by the
Attrahens aurem muscle, and by a dense fascia given off from the parotid gland
it is crossed by the temporo-facial division of the facial nerve and one or two
veins, and is accompanied by the auriculo-temporal nerve, which lies behind it.
Besides some twigs to the parotid gland, the articulation of the jaw, and the
Masseter muscle, its branches are, the
:

Transverse Facial.

Middle Temporal.

Anterior Auricular.

The transverse

from the temporal before that vessel quits
running forwards through its substance, it passes transversely across the face, between Stenson's duct and the lower border of the
zygoma, and divides on the side of the face into numerous branches, which
supply the parotid gland, the Masseter muscle, and the integument, anastomosing with the facial, masseteric, and infra-orbital arteries. This vessel rests
on the Masseter, and is accompanied by one or two branches of the facial nerve.
It is sometimes a branch of the external carotid.
The middle temporal artery arises immediately above the zygomatic arch,
and, perforating the temporal fascia, supphes the Temporal muscle, anastomosing with the deep temporal branches of the internal maxillary. It occasionally gives off an orbital branch, which runs along the upper border of the
zygoma, between the tw^o layers of the temporal fascia, to the outer angle of the
orbit.
This branch supplies the Orbicularis palpebrarum, and anastomoses
with the lachrymal and palpebral branches of the ophthalmic artery.
The anterior auricular branches are distributed to the anterior portion of the
pinna, the lobule, and part of the external meatus, anastomosing with branches
the parotid gland

facial is given off

;

of the posterior auricular.

—

Surgical Anatomy. It occasionally happens that the surgeon is called upon to perform
the operation of arteriotomy upon this vessel in cases of inflammation of the eye or brain.
If the student will consider the relations of the trunk of this vessel, as it crosses the
zygomatic arch, with the smrounding structures, he will observe that it is covered by a
thick and dense fascia, crossed by one of the main divisions of the facial nerve and one
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two veins, and accompanied by the ainnculo-temporal nerve. Bleeding should not he
performed in this situation, as much difficulty may arise from the dense fascia over the

or

pressure is re(]uisite afterwards to
vessel preventing a free flow of blood, and considerable
Again, a varicose aneurism may be formed by the accidental
arrest the hemorrhage.
opening of one of the veins in front of the artery or severe neuralgic pain may arise
from the operation imphcating one of the nervous filaments in the neighbourhood. The
vessel, and is readily
anterior branch, on the contrary, is subcutaneous, is a large
operation.
it should consequently always be selected for the
;

compressed

;

(fig. 389), the larger of the two terminal branches of
that vessel opposite the neck of the condyle of the
from
arises
carotid,
external
the
gland it passes
lovs^er jaw, and is at first embedded in the substance of the parotid

The Internal Maxillary

;

Fig. 389.

Fig.

—:The internal maxillary artery, and
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inwards between the ramus of the jaw and the internal lateral ligaments, and
then upon the outer surface of the External pterygoid muscle to the sphenomaxillary fossa to supply the deep structures of the face. For convenience of
description, it is divided into three portions
a maxillary, a pterygoid, and a
:

spheno-maxillary.
In the first part of its course {maxillary portion), the artery passes horizontally forwards and inwards, between the ramus of the jaw and the internal
lateral ligament.
The artery here lies parallel to and a little below the auriculotemporal nerve it crosses the inferior dental nerve, and lies along the lower
border of the External pterygoid muscle.
In the second part of its course {^pterygoid portion), it runs obliquely forwards
and upwards upon the outer surface of the External pterygoid muscle, being
;
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covered by the ramus of the lower jaw, and lower part of the Temporal muscle
it may pass on the inner surface of the External pterygoid muscle to reach
the interval between its two heads, between which it passes to reach the
spheno-maxillary fossa.
In the third part of its course {spheno-maxillary j^ortion), it approaches the
superior maxillary bone, and enters the spheno-maxillary fossa in the interval
between the two heads of the External pterygoid, where it lies in relation with
Meckel's ganglion, and gives off its terminal branches.
The branches of this vessel may be divided into three groups, corresponding
with its three divisions.
;

or

Branches of the First or Maxillary Portion
Tympanic
Deep Auricular.

(anterior).

(fig.

390)

Small Meningeal.
Inferior Dental.

Middle Meningeal.

The tympanic branch passes upwards behind the

articulation of the lower
the Glaserian fissure, and ramifies upon the
tympani, forming a vascular circle around the membrane with the

jaw, enters the

membrana

tympanum through

stylo-mastoid artery, and anastomosing with the Vidian and the tympanic branch
from the internal carotid.
The deep auricular branch often arises in common with the preceding. It
passes upwards in the substance of the parotid gland, behind the temporo-

maxillary articulation, pierces the cartilaginous or bony wall of the external
auditory meatus, and supplies its cuticular lining and the outer surface of the
membrana tympani.
The middle meningeal is the largest of the branches which supply the dura
mater.
It arises from the internal maxillary, between the internal lateral ligament and the neck of the jaw, and passes vertically upwards between the two
roots of the auriculo-temporal nerve to the foramen spinosum of the sphenoid
bone.
On entering the cranium, it divides into two branches, anterior and
posterior. The anterior branch, the larger, crosses the great ala of the sphenoid,
and reaches the groove, or canal, in the anterior inferior angle of the parietal
bone it then divides into branches which spread out between the dura mater
and internal surface of the cranium, some passing upwards over the parietal
bone as far as the vertex, and others backwards to the occipital bone. The
posterior branch crosses the squamous portion of the temporal, and on the inner
:

surface of the parietal bone divides into branches which supply the posterior
of the dura mater and cranium.
The branches of this vessel are
distributed partly to the dura mater, but chiefly to the bones they anastopart

;

mose with the

arteries of the opposite side,

and with the anterior and posterior

meningeal.
The middle meningeal on entering the cranium gives off the following collateral branches: i. Numerous small vessels to the Gasserian ganglion, and to
the dura mater in this situation.
2. A branch (petrosal branch), which enters
the hiatus Fallopii, supplies the facial nerve, and anastomoses with the stylomastoid branch of the posterior auricular artery. 3. Orbital branches, which
pass through the sphenoidal fissure, or through separate canals in the great
wing of the sphenoid to anastomose with the lachrymal or other branches of the
ophthalmic artery. 4. Temporal branches, which pass through foramina in the
great wing of the sphenoid, and anastomose in the temporal fossa with the deep

temporal

arteries.

—

Surgical Anatomy. The middle meningeal is an arter^^ of considerable sm-gical
importance, as it may be injured in fractures of the temporal region of the skull, and the
injuxy may be followed by considerable haemorrhage between the bone and dura mater,
which may cause compression of the brain, and require the operation of trephining for its
relief.
This artery crosses the anterior inferior angle of the parietal bone at a point
i|- inch behind the external angular process of the frontal bone, and if inch above the
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From this point the anterior branch passes upwards and shghtly backwards
to the sagittal suture, lying about | inch to | inch behind the coronal suture. The posterior
zygoma.

branch passes upwards and backwards over the squamous portion of the temporal bone.
In order to expose the artery as it lies in the canal in the parietal bone, a semilunar
incision, with its convexity upwards, should be made, commencing an inch behind the
external angular process, and carried backwards for 2 inches. The structures cut through
(i) skin
are
(2) superficial fascia, with branches of the superficial temporal vessels and
nerves (3) the fascia continued down from the aponeurosis of the Occipito-frontalis (4)
the two layers of the temporal fascia; (5) the temporal muscle; (6) the deep temporal
and (8) the bone.
vessels
(7) the pericranium
:

;

;

;

;

;

sometimes derived from the preceding. It enters the
foramen ovale, and supplies the Gasserian ganglion and dura
mater. Before entering the cranium it gives off a branch to the nasal fossee, soft
palate, and tonsil.
The inferior dental descends with the dental nerve to the foramen on the

The

small meningeal

is

skull through the

ramus of the jaw. It runs along the dental canal in the
substance of the bone, accompanied by the nerve, and opposite the first bicuspid
tooth divides into two branches, incisor and mental the former is continued
forwards beneath the incisor teeth as far as the symphysis, where it anastomoses with the artery of the opposite side the ynental branch escapes with the
nerve at the mental foramen, supplies the structures composing the chin, and
anastomoses with the submental, inferior labial, and inferior coronary arteries.
Near its origin the inferior dental artery gives off a lingual branch, which
descends with the lingual (gustatory) nerve and supplies the mucous membrane
of the mouth.
As the inferior dental artery enters the foramen, it gives off a
mylo-hyoid branch, which runs in the mylo-hyoid groove, and ramifies on the
under surface of the Mylo-hyoid muscle. The dental and incisor arteries during
their course through the substance of the bone give off a few twigs which are
lost in the cancellous tissue, and a series of branches -which correspond in
number to the roots of the teeth these enter the minute apertures at the
extremities of the fangs, and supply the pulp of the teeth.
inner side of the

;

;

:

Branches of the Second oe Pterygoid Portion
Deep Temporal.

Masseteric.
Buccal.

Pterygoid.

These branches are distributed, as their names imply, to the muscles in the
maxillary region.
The deep temporal branches, two in number, anterior and posterior, each
occupy that part of the temporal fossa indicated by its name. Ascending
between the Temporal muscle and pericranium, they supply that muscle, and
anastomose wdth the middle temporal artery
the anterior branch communicating with the lachrymal through small branches which perforate the malar
bone and great wing of the sphenoid.
The pterygoid branches, irregular in their number and origin, supply the
;

Pterygoid muscles.

The masseteric

is a small branch which passes outwards, above the sigmoid
lower jaw, to the deep surface of the Masseter. It supplies that
muscle, and anastomoses with the masseteric branches of the facial and with the

notch

of the

transverse facial artery.
The buccal is a small branch which runs obliquely forwards, between the
Internal pterygoid and the ramus of the jaw, to the outer surface of the
Buccinator, to which it is distributed, anastomosing with branches of the facial
artery.

Branches of the Third or Spheno-maxillary Portion
Alveolar.

Vidian.

Infra-orbital.

Posterior or Descending Palatine.

Pterygo-palatine.
s^

Naso- or Spheno-]Dalatine.
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dental branch

is given off from the internal
with the infra-orbital, just as the
trunk of the vessel is passing into the spheno-maxillary fossa. Descending
upon the tuberosity of the superior maxillary bone, it divides into numerous
branches, some of which enter the posterior dental canals, to supply the molar
and bicuspid teeth and the lining of the antrum, and others are continued
forwards on the alveolar process to supply the gums.
The infra-orbital appears, from its direction, to be the continuation of the
trunk of the internal maxillary. It often arises from that vessel by a common
trunk with the preceding branch, and runs along the infra-orbital canal with the
superior maxillary nerve, emerging upon the face at the infra-orbital foramen,
beneath the Levator labii superioris. Whilst contained in the canal, it gives off
branches w^hich ascend into the orbit, and supply the Inferior rectus and
Inferior oblique muscles and the lachrymal gland.
Other branches {anterior
dental) descend through canals in the bone, to supply the mucous membrane of
the antrum, and the front teeth of the upper jaw.
On the face, some branches
pass upwards to the inner angle of the orbit and the lachrymal sac, anastomosing with the angular branch of the facial artery other branches pass
inwards towards the nose, anastomosing with the nasal branch of the
ophthalmic and other branches descend beneath the Levator labii superioris,
and anastomose with the transverse facial and buccal arteries.
The four remaining branches arise from that portion of the internal maxillary
which is contained in the spheno-maxillary fossa.
The descending palatine passes down the posterior palatine canal with the
anterior palatine branch of Meckel's ganglion, and, emerging from the posterior
palatine foramen, runs forwards in a groove on the inner side of the alveolar
border of the jiard palate to the anterior palatine canal, where the terminal
branch of the artery passes upwards through the foramen of Stenson to anastomose with the naso-palatine artery. Its branches are distributed to the gums,
the mucous membrane of the hard palate, and the palatine glands. Whilst it
is contained in the palatine canal, it gives off branches, which descend in the
accessory palatine canals to supply the soft palate and tonsil, anastomosing with
the ascending palatine artery.

or

posterior

maxillary, frequently by a

common branch

;

;

—

Surgical Anatomy. The position of the descending palatine artery on the hard palate
should be borne in mind in performing an operation for the closure of a cleft in the hard
palate, as it is in danger of being wounded, and may give rise to formidable haemorrhage.
In one case, in which it was wounded, it was necessary to plug the posterior palatine canal
in order to arrest the bleeding.

The Vidian branch passes backwards along the Vidian canal with the Vidian
It is distributed to the upper part of the pharynx and Eustachian tube,
sending a small branch into the tympanum, which anastomoses with the anterior
tympanic.
The ptery go -palatine is also a very small branch, which passes backwards
through the pterygo-palatine canal with the pharyngeal nerve, and is distributed
to the upper part of the pharynx and Eustachian tube.
The spheno-palatine passes through the spheno-palatine foramen into the
cavity of the nose, at the back part of the superior meatus, and divides into two
branches one internal, the naso-palatine oy superior artery of the septum, passes
obliquely downwards and forwards along the septum nasi, supplies the mucous
membrane, and anastomoses in front with the terminal branch of the descendingpalatine.
The external branches, two or three in number, supply the mucous
membrane covering the lateral wall of the nose, the antrum, and the ethmoid and
sphenoid cells.

nerve.

:

The Triangles of the Neck
The student having considered the relative anatomy of the large arteries of the
neck and their branches, and the relations they bear to the veins and nerves,

—
;
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now examine

should

these structures collectively, as they present themselves in
which important operations are constantly

certain regions of the neck, in each of

being performed.
The side of the neck presents a somewhat quadrilateral outhne, limited, above,
by the lower border of the body of the jaw, and an imaginary line extending from
below, by the prominent upper
the angle of the jaw to the mastoid process
border of the clavicle in front, by the median line of the neck behind, by the
anterior margin of the Trapezius muscle. This space is subdivided into two large
triangles by the Sterno-mastoid muscle, which passes obliquely across the neck,
from the sternum and clavicle below, to the mastoid process above. The triangular space in front of this muscle is called the anterior triangle and that
behind it, the posterior triangle.
;

;

;

;

Anterior Triangle of the Neck
is bounded, in front, by a line extending from the chin
behind, by the anterior margin of the Sterno-mastoid its base,
directed upwards, is formed by the lower border of the body of the jaw, and a
its apex is
line extending from the angle of the jaw to the mastoid process
below, at the sternum. This space is subdivided into three smaller triangles by

The

to

anterior triangle

the sternum

;

;

;

muscle above, and the anterior belly of the Omo-hyoid below.
These smaller triangles are named, from below upwards, the inferior carotid, the
superior carotid, and the submaxillary triangle.
The Inferior Carotid Triangle is bounded, in front, by the median line of the
neck behind, by the anterior margin of the Sterno-mastoid above, by the
anterior belly of the Omo-hyoid and is covered by the integument, superficial
ramifying between which are some of the
fascia, Platysma, and deep fascia
descending branches of the superficial cervical plexus. Beneath these superficial
structures are the Sterno-hj'oid and Sterno-thyroid muscles, which,
together with the anterior margin of the Sterno-mastoid, conceal the lower part
the Digastric

;

;

;

;

of the

common

carotid artery.*

This vessel is enclosed within its sheath, together with the internal jugular
vein and pneumogastric nerve the vein lying on the outer side of the artery on
the right side of the neck, but overlapping it, or passing directly across it on the
left side
the nerve lying between the artery and vein, on a plane posterior to
both.
In front of the sheath are a few filaments descending from the loop of
communication between the descendens and communicans hypoglossi behind
the sheath are seen the inferior thyroid artery, the recurrent laryngeal nerve, and
the sympathetic nerve and on its inner side, the trachea, the th}Toid gland
much more prominent in the female than in the male and the lower part of the
larynx.
By cutting into the upper part of this space, and slightly displacing the
Sterno-mastoid muscle, the common carotid artery may be tied below the Omohyoid muscle.
;

;

;

;

—

The floor of the inferior carotid triangle is formed by the Longus colli muscle
below, and by the Scalenus anticus above (see fig. 321, page 423), between which
muscles the vertebral artery and vein will be found passing into the foramen in
the sixth transverse process a small portion of the origin of the Eectus capitis
anticus major may also be seen in the floor of the space.
;

The Superior Carotid Triangle is bounded, behind, by the Sterno-mastoid
below, by the anterior belly of the Omo-hyoid and above, by the posterior belly
of the Digastric muscle.
It is covered by the integument, superficial fascia,
;

Platysma, and deep fascia

;

ramifying between which are branches of the facial

Therefore the common carotid artery and mtemal jugular vein are not, strictly
speaking, contained in this triangle, since they are covered by the Sterno-mastoid muscle
that is to say, lie behind the anterior border of that nuTScle, which forms the posterior
border of the triangle. But as they lie very close to the structures which are reaUy contained in the triangle, and wliose position it is essential to remember in operating on this
part of the artery, it has seemed expedient to studj' the relations of all these parts together.
;

—
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nerve and superficial cervical plexus. Its floor is formed by parts of the
and the Inferior and Middle constrictor muscles
pharynx. This space contains the upper part of the common carotid
which bifurcates opposite the upper border of the thyroid cartilage into

Thyro-

hyoid, Hyo-glossus,

of the

artery,

the ex-

and internal carotid. These vessels are occasionally somewhat concealed
from view by the anterior margin of the Sterno-mastoid muscle, which overlaps
them. The external and internal carotids lie side by side, the external being the
more anterior of the two. The following branches of the external carotid are
the superior thyroid, running forwards and downalso met with in this space
wards the lingual, directly forwards the facial, forwards and upwards the
and the ascending pharyngeal directly upwards on the
occipital, backwards
The veins met with are the internal jugular,
inner side of the internal carotid.
which lies on the outer side of the common and internal carotid arteries and
veins corresponding to the above-mentioned branches of the external carotid
viz. the superior thyroid, the lingual, facial, ascending pharyngeal, and sometimes the occipital all of which accompany their corresponding arteries, and
ternal

:

;

;

;

;

:

;

—

terminate in the internal jugular. The nerves in this space are the following
In front of the sheath of the common carotid is the descendens hypoglossi. The
hypoglossal nerve crosses both the internal and external carotid above, curving
round the occipital artery at its origin. Within the sheath, between the artery
and vein, and behind both, is the pneumogastric nerve behind the sheath, the
sympathetic. On the outer side of the vessels, the spinal accessory nerve runs
for a short distance before it pierces the Sterno-mastoid muscle
and on the
inner side of the external carotid, just below the hyoid bone, may be seen the
superior laryngeal nerve and, still more inferiorly, the external laryngeal nerve.
The upper part of the larynx and lower part of the pharynx are also found in the
:

;

;

;

front part of this space.

The Submaxillary Triangle corresponds to the part of the neck immediately
beneath the body of the jaw. It is bounded, above, by the lower border of the
body of the jaw, and a line drawn from its angle to the mastoid process below,
by the posterior belly of the Digastric and Stylo-hyoid muscles in front, by the
middle line of the neck. It is covered by the integument, superficial fascia,
Platysma, and deep fascia ramifying between which are branches of the facial
and ascending filaments of the superficial cervical nerves. Its floor is formed by
the anterior belly of the Digastric, the Mylo-hyoid, and Hyo-glossus muscles.
This space contains, in front, the submaxillary gland, imbedded in the substance
of which are the facial artery and vein, and their glandular branches
beneath
this gland, on the surface of the Mylo-hyoid muscle, are the submental artery
and the mylo-hyoid artery and nerve. The back part of this space is separated
from the front part by the stylo-maxillary ligament it contains the external
carotid artery, ascending deeply in the substance of the parotid gland
this
vessel here lies in front of, and superficial to, the internal carotid, being crossed
by the facial nerve, and gives off in its course the posterior auricular, temporal,
and internal maxillary branches more deeply are the internal carotid, the
internal jugular vein, and the pneumogastric nerve, separated from the external
carotid by the Stylo-glossus and Stylo-pharyngeus muscles, and the glossopharyngeal nerve.*
;

;

;

;

;

;

:

PosTEEioR Triangle of the Neck

The posterior triangle is bounded, in front, by the Sterno-mastoid muscle
behind, by the anterior margin of the Trapezius its base corresponds to the
upper border of the clavicle its apex, to the occiput. The space is crossed, about
;

;

;

The same remark will apply to this triangle as was made about the inferior carotid
triangle.
The structures enumerated as contained in the back part of the space lie,
*

beneath the muscles which form the posterior boundary of the triangle
important to bear in mind their close relation to the parotid gland and its
botuidaries (on account of the fi-eqnency of surgical operations on this gland), all these
parts are spoken of together.

strictly speaking,

but as

it is

verj^
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an inch above the clavicle, by the posterior belly of the Omo-hyoid, which divides
it unequally into two, an upper or occipital, and a lower or subclavian, triangle.
The Occipital, the larger of the two posterior triangles, is bounded, in front,
by the Sterno-mastoid behind, by the Trapezius below, by the Omo-hyoid.
Its floor is formed from above downwards by the Splenius, Levator anguli
It is covered by the
scapulse, and the Middle and Posterior scaleni muscles.
integument, the Platysma below, the superficial and deep fasciae, and by the
spinal accessory nerve which is directed obliquely across the space from the
Sterno-mastoid, which it pierces, to the under surface of the Trapezius below,
the descending branches of the cervical plexus and the transversalis colli artery
and vein cross the space. A chain of lymphatic glands is also found running
along the posterior border of the Sterno-mastoid, from the mastoid process to
;

;

;

the root of the neck.
The Subclavian, the smaller of the two posterior triangles, is bounded, above,
by the posterior belly of the Omo-hyoid below, by the clavicle its base, directed
The size of the subclavian
forwards, being formed by the Sterno-mastoid.
;

;

triangle varies according to the extent of attachment of the clavicular portion of
the Sterno-mastoid and Trapezius muscles, and also according to the height at

which the Omo-hyoid crosses the neck above the clavicle. Its height also varies
much, according to the position of the arm, being much diminished by raising
the limb, on account of the ascent of the clavicle, and increased by drawing the
arm downwards, when that bone is depressed. This space is covered by the
integument, superficial and deep fasciae and crossed by the descending branches
Just above the level of the clavicle, the third portion of
of the cervical plexus.
the subclavian artery curves outwards and downwards from the outer margin of
Sometimes this vessel
the Scalenus anticus, across the first .rib, to the axilla.
rises as high as an inch and a half above the clavicle, or to any point intermediate between this and its usual level. Occasionally, it passes in front of the
;

Scalenus anticus, or pierces the fibres of that muscle. The subclavian vein lies
behind the clavicle, and is usually not seen in this space but it occasionally
rises as high up as the artery, and has even been seen to pass with that vessel
behind the Scalenus anticus. The brachial plexus of nerves lies above the
Passing transversely across the clavicular
artery, and in close contact with it.
margin of the space, are the suprascapular vessels and traversing its upper
;

;

The external
angle in the same direction, the transversalis colli artery and vein.
jugular vein runs vertically downwards behind the posterior border of the
Sterno-mastoid, to terminate in the subclavian vein it receives the transverse
cervical and suprascapular veins, which occasionally form a plexus in front of
the artery, and a small vein which crosses the clavicle from the cephalic. The
small nerve to the Subclavius muscle also crosses this triangle about its middle.
;

A

lymphatic gland is also found in the space. Its floor
with the first digitation of the Serratus magnus.

is

formed by the

first

rib

Internal Carotid Artery

The internal carotid artery supplies the anterior part of the brain, the eye
and its appendages, and sends branches to the forehead and nose. Its size, in
the adult, is equal to that of the external carotid, though, in the child, it is larger
than that vessel. It is remarkable for the number of curvatures that it presents
In its cervical portion it occasionally presents
in different parts of its course.

one or two flexures near the base of the skull, whilst through the rest of its
extent it describes a double curvature which resembles the italic letter s placed
These curvatures most probably diminish the velocity of the
horizontally.
current of blood, by increasing the extent of surface over which it moves, and
adding to the amount of impediment produced from friction.
In. considering the course and relations of this vessel, it may be conveniently
a cervical, petrous, cavernous, and cerebral.
divided into four portions
:
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portion of the internal carotid

commences

at the
the thyroid
cartilage, and runs perpendicularly upwards, in front of the transverse processes
of the three upper cervical vertebrae, to the carotid canal in the petrous portion
It is superficial at its commencement, being contained in
of the temporal bone.
the superior carotid triangle, and lying on the same level as the external carotid,
but behind that artery, overlapped by the Sterno-mastoid, and covered by the

bifurcation of the

common

carotid, opposite the'

upper border

of

it then passes beneath the parotid
Platysma, and integument
by the hypoglossal nerve, the Digastric and Stylo-hyoid
muscles, and the occipital and posterior auricular arteries. Higher up, it is
separated from the external carotid by the Stylo-glossus and Stjdo-pharyngeus
muscles, the glosso-pharyngeal nerve, and pharyngeal branch of the pneumogastric.
It is in relation, behind, with the Eectus capitis anticus major, the
superior cervical ganglion of the sympathetic, and superior laryngeal nerve
externally, with the internal jugular vein and pneumogastric nerve; the nerve
lying on a plane posterior to the artery internally, with the pharynx, tonsil, the
superior laryngeal nerve, and ascending pharyngeal artery.

deep

fascia,

:

gland, being crossed

;

;

Plan, of the Eelations of the Internal Carotid
In front.
Skin, superficial and deep

Akteey

in

the Neck
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—

Petrous Portion. When the internal carotid artery enters the canal in the
petrous portion of the temporal bone, it first ascends a short distance, then
curves forwards and inwards, and again ascends as it leaves the canal to enter
the cavity of the skull between the lingula and petrosal process. In this canal,
from the latter
the artery lies at first in front of the cochlea and tympanum
;

separated by a thin, bony lamella, which is cribriform in the young
Farther forwards it is separated from
subject, and often absorbed in old age.
the Gasserian ganglion by a thin plate of bone, which is sometimes perforated
and forms the floor of the fossa for the ganglion and the roof of the horizontal
portion of the canal.
The artery is separated from the bony w-all of the carotid
canal by a prolongation of dura mater, and is surrounded by filaments of the
carotid plexus and a number of small veins.
Cavernous Portion. The internal carotid artery, in this part of its course, is
situated between the layers of the dura mater forming the cavernous sinus,
but covered by the lining membrane of the sinus. It at first ascends to the
posterior clinoid process, then passes forwards by the side of the body of the
sphenoid bone, and again curves upwards on the inner side of the anterior
In
clinoid process, and perforates the dura mater forming the roof of the sinus.
this part of its course it is surrounded by filaments of the sympathetic nerve, and
has in relation wdth it externally the sixth nerve.

cavity

it

is

—
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—

Cerebral Portion. Having perforated the dura mater, on the inner side of the
anterior cHnoid process, the internal carotid passes between the second and third
cranial nerves to the anterior perforated spot at the inner extremity of the fissure

This portion
it gives off its terminal or cerebral branches.
has the optic nerve on its inner side, and the third nerve externally.

of Sylvius, v^here
of the artery

.

Fig. 391.

— The internal carotid and vertebral arteries.

Right

side.

l^fAcrt ul-'''^

P6cidia'fities.--^Th.e length of the internal carotid varies according to the length of the
neck, and also according to the point of bifurcation of the common carotid. Its origin
sometimes takes place from the arch of the aorta in such rare instances, this vessel has
been found to be placed nearer the middle line of the neck than the external carotid, as
far upwards as the larynx, when the latter vessel crossed the internal carotid.
The course
of the vessel, instead of being straight, may be very tortuous. A few instances are recorded
in which this vessel was altogether absent in one of these the common carotid passed up
the neck, and gave off the usual branches of the external carotid the cranial portion of the
;

:

:
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internal carotid being replaced by two branches of the internal maxillary, which entered
the skull through the foramen rotiindum and ovale, and joined to form a single vessel.
Surgical Anatomy. The cervical jjart of the internal carotid is very rarely wounded.
Mr. Cripps, in an interesting paper in the Medico-Chirurgical Transactions,' compares the
rareness of a wouxid of the internal carotid with one of the external carotid or its branches.
It is, however, sometimes injured by a stab or gunshot wound in the neck, or even occasionally by a stab from within the mouth, as when a person receives a thrust from the end of
a parasol, or falls down with a tobacco-pipe in his mouth.
The relation of the internal
carotid with the tonsil should be especially remembered, as instances have occurred in
which the artery has been woimded during the operation of scarifying the tonsil, and fatal
haemorrhage has supervened. The indications for ligature are wounds, when the vessel
should be exposed by a carefol dissection and tied above and below the bleeding-point; and
aneurisnr, which if non-traumatic may be treated by ligature of the common carotid but
if traumatic in origin, by exposing the sac and tying the vessel above and below.
The
incision for ligature of the cervical portion of the internal carotid should be made along
the anterior border of the Sterno-mastoid, from the angle of the jaw to the upper border
of the thyroid cartilage.
The superficial structures being divided, and the Sterno-mastoid
defined and drawn outwards, the cellular tissue must be carefully separated and the
posterior belly of the Digastric and hypoglossal nerve sought for as guides to the vessel.
When the artery is found, the external carotid should be drawn inwards and the Digastric

—

'

;

muscle upwards, and the aneurism needle passed from without inwards.

Branches.

— The branches given

off

From

the Petrous portion

From

the

from the internal carotid are

Tympanic

:

(internal or deep).

Arteriae Receptaculi.
I

Cavernous portion

-

Anterior Meningeal.
(Ophthalmic.
/iVnterior Cerebral.

-^

From

7

.

,

7

Middle Cerebral.

•

7

,

the Cerebrai ^portion

-

Posterior n
Communicating.
-n

•

j.

4.-

'^Anterior Choroid.

The cervical portion of the internal carotid gives off no branches.
The tympanic is a small branch which enters the cavity of the tympanum,
through a minute foramen in the carotid canal, and anastomoses with the
tympanic branch of the internal maxillary, and with the stylo-mastoid artery.
The arterise receptaculi are numerous small vessels, derived from the internal
they supply the pituitary body, the Gasserian
carotid in the cavernous sinus
Some of
ganglion, and the walls of the cavernous and inferior petrosal sinuses.
these branches anastomose with branches of the middle meningeal.
The anterior meningeal is a small branch which passes over the lesser wing
it anastomoses
of the sphenoid to supply the dura mater of the anterior fossa
with the meningeal branch from the posterior ethmoidal artery.
The Ophthalmic Artery arises from the internal carotid, just as that vessel
is emerging from the cavernous sinus, on the inner side of the anterior clinoid
process, and enters the orbit through the optic foramen, below and on the outer
side of the optic nerve.
It then passes over the nerve to the inner wall of the
orbit, and thence horizontally forwards, beneath the lower border of the Superior
oblique muscle to a point behind the internal angular process of the frontal bone,
;

;

two terminal branches, the frontal and nasal.
may be divided into an orbital group, which are
and an ocular group, which supply
distributed to the orbit and surrounding parts
the muscles and globe of the eye.

where

it

divides into

The branches

of this vessel

;

Orbital Group.

Ocular Group.

Posterior Ethmoidal.

Muscular.
Anterior Cihary.
Short Ciliary.

Anterior Ethmoidal.
Internal Palpebral.

Long Cihary.
Arteria Centralis Retinae.

Lachrymal.
Supra-orbital.

Frontal.

Nasal.

PP

'
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The lachrymal is the first, and one of the largest branches derived from the
not unfrequently it is given off
ophthahxiic, arising close to the optic foramen
from the artery before it enters the orbit. It accompanies the lachrymal nerve
;

along the upper border of the External rectus muscle, and is distributed to the
lachrymal gland. Its terminal branches, escaping from the gland, are distributed
of those supplying the eyelids, two are of
to the eyelids and conjunctiva
considerable size and are named the external ])alpehral they run inwards in the
upper and lower lids respectively and anastomose with the internal palpebral
The lachrymal artery gives
arteries, forming an arterial circle in this situ.ation.
off one or two malar branches, one of which passes through a foramen in the
malar bone, to reach the temporal fossa, and anastomoses with the deep temporal
the other appears on the cheek, and anastomoses with the transarteries
verse facial. A branch is also sent backwards, through the sphenoidal fissure, to
the dura mater, which anastomoses with a branch of the middle meningeal artery.
:

;

;

—

PecuUa/rities.
The lachrymal artery is sometimes derived from one of the anterior
branches of the iniddle meningeal artery.

The supra-orhital artery arises from the ophthalmic as that vessel is crossing
over the optic nerve. Ascending so as to rise above all the muscles of the orbit,
Fig.

393^^,

—The ophthalmic artery and

its

branches, the roof of the orbit having

been removed.
Nasal
Pal^ieliral
Supra-orhital

interior ethmoidal

Posterior ethmoidal

;

J

—

)

Temporal branches

/

"

Muscular

of lachrymal

Ophthalmic

Internal carotid

passes forwards, with the supra-orbital nerve, between the periosteum and
Levator palpebrse and, passing through the supra-orbital foramen, divides into a
superficial and deep branch, which supply the integument, the muscles, and the
pericranium of the forehead, anastomosing with the frontal, the anterior branch

it

;

and the artery of the opposite side. This artery in the orbit
supplies the Superior rectus and the Levator palpebrse, and sends a branch
inwards, across the pulley of the Superior oblique muscle, to supply the parts at
of the temporal,

the inner canthus.

At the supra-orbital foramen

it

frequently transmits a branch

to the diploe.

The ethmoidal branches

are

two

in

number:

posterior

and

anterior.

The

OPHTHALMIC
former, which

is

which descend

into the nose
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the smaller, passes through the posterior ethmoidal foramen,
supplies the posterior ethmoidal cells, and, entering the cranium, gives
off a
meningeal branch, which supphes the adjacent dura mater and nasal
;

FiG.

393.— The

through apertures in the cribriform

branches

plate, anasto-

arteries of the base of the

bram. The right half of the cerebellum
and pons have been removed.

—

N-B. It will be noticed that in the illustration the two anterior cerebral arteries
have been drawn at a considerable distance from each other this makes the anterior
communicating artery appear very much longer than it really is.
;

mosing with branches of the spheno-palatine. The anterior ethmoidal artery
accompanies the nasal nerve through the anterior ethmoidal foramen, supplies
p p
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the anterior ethmoidal cells and frontal sinuses, and, entering the cranium, gives
and nasal
off a meningeal branch, which supplies the adjacent dura mater
branches, which descend into the nose, through the slit by the side of the
crista galli and running along the groove on the under surface of the nasal bone
;

;

supplies the skin of the nose.
The palpebral arteries, two in number, superior and inferior, arise from
ophthalmic, opposite the pulley of the Supex'ior oblique muscle they leave
orbit to encircle the eyelids near their free margin, forming a superior and
inferior arch, which lie between the Orbicularis muscle and tarsal plates
;

;

the
the

an
the

superior palpebral inosculating, at the outer angle of the orbit, with the orbital
branch of the temporal artery, and with the upper of the two external palpebral
branches from the lachrymal artery the infei-ior palpebral inosculating, at the
outer angle of the orbit, with the lower of the two external palpebral branches
from the lachrymal and with the transverse facial artery, and, at the inner side
:

Fig. 394.

—Vascular areje of the internal surface of the cerebrum.
,---"""

(After Charcot.)

F'4'TjRe OF "ROLANDO

The regions marked ofi: by the Hue (
) represent the area of distribution of the anterior cerebral artery.
I. Anterior and internal frontal
arteries.
11. Middle and internal frontal arteries,
m. Posterior and internal
frontal arteries. The regions marked off by the line C
) represent the area of distribution of the
posterior cerebral arteries: iv. to the temporo-sphenoidal lobe; v. to the cuneus and occipital lobe; a third
branch supplies the uncinate gyrus.

with a branch from the angular artery. From this last anastomosis a
branch passes to the nasal duct, ramifying in its mucous membrane, as far as
the inferior meatus.
The frontal artery, one of the terminal branches of the ophthalmic, passes
from the orbit at its inner angle, and, ascending on the forehead, supplies the
integument, muscles, and pericranium, anastomosing with the supra-orbital
artery, and with the artery of the opposite side.
The nasal artery, the other terminal branch of the ophthalmic, emerges from
the orbit above the tendo oculi, and, after giving a branch to the upper part of
the lachrymal sac, divides into two branches, one of which crosses the root of
the nose, the transverse nasal, and anastomoses with the angular artery the
other, the dorsalis nasi, runs along the dorsum of the nose, supplies its outer
surface, and anastomoses with the artery of the opposite side, and with the
lateral nasal branch of the facial.
The ciliary arteries are divisible into three groups, the short, long, and
anterior.
The short ciliary arteries, from six to twelve in nu.mber, arise from the
of the lid,

;

—
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ophthalmic, or some of its branches they smTound the ox3tic nerve as they pass
forwards to the posterior part of the eyeball, pierce the sclerotic coat around the
entrance of the nerve, and supply the choroid coat and ciliary processes. The
;

long ciliary arteries, two in number, also pierce the posterior part of the sclerotic,
and run forwards, along each side of the eyeball, between the sclerotic and
choroid, to the ciliary muscle, where they divide into two branches
these form
an arterial circle around the circumference of the iris, from which numerous
radiating branches pass forwards, in its substance, to its free margin, where they
form a second arterial circle around its pupillary margin. The anterior ciliary
arteries are derived from the muscular branches
they pass to the front of the
eyeball in company w^ith the tendons of the recti muscles, form a vascular zone
beneath the conjunctiva and then pierce the sclerotic a short distance from the
cornea and terminate in the great arterial circle of the iris.
The arteria centralis retina is one of the smallest branches of the ophthalmic
artery.
It arises from the ophthalmic as that vessel is about to cross over the
optic nerve; it pierces the optic nerve obliquely, and runs forward in
the centre of its substance, and enters the globe of the eye through the porus
opticus.
Its mode of distribution will be described in the account of the anatomy
;

;

of the eye.

The muscular branches, two in number, superior and inferior, supply the
muscles of the eyeball. The superior, the smaller, often wanting, supplies the
Levator palpebrae, Superior rectus, and Superior oblique. The inferior, more
constant in its existence, passes forwards, between the optic nerve and
and is distributed to the External, Internal, and Inferior
and Inferior oblique. This vessel gives off most of the anterior ciliary

Inferior rectus,
recti,

arteries.

The

anterior cerebral arises from the internal carotid, at the inner extremity

of the fissure of Sylvius.

It

perforated space, between the

ment

passes forwards and inwards across the anterior
first and second cranial nerves, to the commence-

of the great longitudinal fissure.

Here

it

comes

into close relationship

with the artery of the opposite side, and the two vessels are connected together
by a short anastomosing trunk, about two lines in length, the anterior communicating artery.
From this point, the two vessels run side by side in the
longitudinal fissure, curve round the anterior border of the corpus callosum, and
turning backwards continue along its upper surface to its posterior part, where
they terminate by anastomosing with the posterior cerebral arteries. In their
course they give off the following branches
:

Antero-median Ganglionic.
Anterior and Internal Frontal.

The antero-median ganglionic is a group
commencement of the anterior cerebral
perforated space and lamina cinerea, and
nucleus.

The

anterior

convolutions.

Middle and Internal Frontal.
Posterior and Internal Frontal.
of small arteries

artery;
supx^ly

which

they pierce
the

head

of

arise at the

the
the

anterior

caudate

and internal frontal branches supply the two inferior frontal
The middle and internal frontal branches supply the corpus

callosum, the convolution of the corpus callosum, the inner surface of the first
and the upper part of the ascending frontal convolution.
The posterior and internal frontal branches supply the lobus quadratus.

frontal convolution,

anterior communicating artery is a short branch about two lines in
but of moderate size, connecting together the two anterior cerebral
Sometimes this vessel is wanting,
arteries across the longitudinal fissure.
the two arteries joining together to form a single trunk, which afterwards
divides.
Or the vessel may be wholly, or partially, divided into two frequently,
it is longer and smaller than usual.
It gives off some of the antero-median
ganglionic group of vessels, which are, however, principally derived from the

The

length,

;

anterior cerebral.

—

;
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The middle cerebral artery
carotid, passes obliquely

island of Eeil, divides into

cerebral artery are

(fig.

395), the largest branch of the internal
of Sylvius, and, opposite the

outwards along the fissure
its

terminal branches.

The branches

of the

middle

:

Ascending Frontal.
Ascending Parietal.

Antero-lateral Ganglionic.
External and Inferior Frontal.

Parieto-sphenoidal.

The

branches are a group of small arteries which
the middle cerebral artery they pierce the anterior

antero-lateral ganglionic

arise at the

commencement of

;

perforated space and supply the greater part of the caudate nucleus, the lenticular
One artery of this
nucleus, the internal capsule, and a part of the optic thalamus.
group, distributed to the lenticular nucleus, is of larger size than the rest, and is

being the artery in the brain most frequently ruptured
artery of cerebral hcemorrhage.'
The
has been termed by Charcot, the
external and inferior frontal supplies the third or inferior frontal convolution
(Broca's convolution).
The ascending frontal supplies the ascending frontal
convolution.
The ascending parietal supplies the ascending parietal convolution.
The parieto-sphenoidal supplies the superior temporo-sphenoidal convolution and
the angular gyrus.
of special importance, as

'

it

Fig. 395.

—The distribution of the raiddle cerebral artery.

(After Charcot.)

MIODLE CEkEBKA_
ftRTERY

The

communicating artery arises from the back part of the internal
runs directly backwards, and anastomoses with the posterior cei^ebral, a
branch of the basilar. This artery varies considerably in size, being sometimes
small, and occasionally so large that the posterior cerebral may be considered as
arising from the internal carotid rather than from the basilar.
It is frequently
larger on one side than on the other side.
From the posterior half of this vessel
are given off a number of small branches, \he postero-median ganglionic branches,
which, with similar vessels from the posterior cerebral, pierce the posterior
perforated space and supply the internal surfaces of the optic thalami and the
posterior

carotid,

walls of the third ventricle.
The anterior choroid is a small but constant branch, which arises from the
back part of the internal carotid, near the posterior communicating artery.

Passing backwards and outwards between the temporal lobe and the crus
cerebri, it enters the descending horn of the lateral ventricle through the transverse fissure and ends in the choroid plexus. It is distributed to the hippocampus major, corpus fimbriatum, velum interpositum, and choroid plexus.

OF THE BRAIN

583

THE BLOOD VESSELS OE THE BRAIN
Recent investigations have tended to show that the mode of distribution of
the vessels of the brain has an important bearing upon a considerable number
of the anatomical lesions of which this part of the nervous system may be the
it therefore becomes important to consider a little more in detail the way
which the cerebral vessels are distributed.
The cerebral arteries are derived from the internal carotid and the vertebral,
which at the base of the brain form a remarkable anastomosis known as the
It is formed in front by the anterior cerebral arteries,
circle of Willis.
branches of the internal carotid, which are connected together by the anterior
communicating behind by the two posterior cerebrals, branches of the basilar
which are connected on each side with the internal carotid by the posterior
communicating (fig. 393, p. 579). The parts of the brain included within this
arterial circle are the lamina cinerea, the commissure of the optic nerves, the
infundibulum, the tuber cinereum, the corpora albicantia, and the posterior

seat

;

in

;

perforated space.
Fig. 396.

— Diagram of the arterial circulation

at the

base of the brain.

(After Charcot.)

ANTERIOR CEREBRftL ARTERY

I.

group.
Antero-mediau group of gauglionic branches, ii. Postero-median group, m. Right and left antero-lateral
IT. Right and left postero-lateral group.
The dotted line shows the limit of the ganglionic circle.

the circle of WilKs arise the three trunks which together supply each
From its anterior part proceed the two anterior cerebrals
from its antero-lateral part the middle cerebral, and from its posterior part the
posterior cerebrals.
Each of these principal arteries gives origin to two very

From

cerebral hemisphere.

;

systems of secondary vessels. One of these systems has been named
the central gct7iglionic system, and the vessels belonging to it supply the central
gangha of the brain the other has been named the cortical arterial system, and
subjacent
its vessels ramify in the pia mater and supply the cortex and
different

;

medullary matter. These two systems, though they have a common origin, do
not communicate at any point of their peripheral distribution, and are entirely
independent of each other. Though some of the arteries of the cortical system
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approach, at their terminations, the regions supphed by the central gangHonic
system, no communication between the two sets of vessels takes place, and there
is between the parts supplied by the two systems a borderland of diminished
nutritive activity, where, it is said, softening is especially liable to occur in the
brains of old people.
The central ganglionic system.

— All the vessels belonging

to this

system are

given off from the circle of Willis, or from the vessels immediately after their
So that if a circle is drawn at a distance of about an inch from
origin from it.
the circle of Willis, it will include the origin of all the arteries belonging to this

system

(fig.

The

396).

vessels of this system form six principal groups

:

(i)

The

antero-median group, derived from the anterior cerebrals and anterior communicating (11) the postero-median group, from the posterior cerebrals and
(iii) the right and left antero-lateral group from the
posterior communicating
middle cerebrals and (iv) the right and left postero -lateral group from the
The vessels
posterior cerebrals, after they have wound round the crura cerebri.
;

;

;

Fig. 397.

—Distribution of the cortical
/

Medullary
situated

arteries,

among

i'.

arteries.

(After Charcot.)

2

Group of medullary arteries iu the sulcus between two adjacent convolutions,
commissural fibres. 2, 2. Cortical arteries, a. CapiUary network with

Gratiolet's

i". Arteries
fairly wide

meshes, situated beneath the pia mater. 6. Network with more compact, polygonal meshes, situated in the cortex.
d. Capillary network in the white matter.
c. Transitional network with wider meshes,

belonging to this system are larger than those of the cortical system, and are
what Cohnheim has termed 'terminal' arteries that is to say, vessels which
from their origin to their termination neither supply nor receive any anastomotic branch, so that, by one of the small vessels, only a limited area of the
central ganglia can be injected, and the injection cannot be driven beyond the
area of the part supplied by the particular vessel which is the subject of the
experiment.
The cortical arterial system. The vessels forming this system are the
terminal branches of the anterior, middle, and posterior cerebral arteries,
described above. These vessels divide and ramify in the substance of the pia
mater, and give off nutrient arteries which penetrate the cortex perpendicularly.
These nutrient vessels are divisible into two classes, the long and short. The
long, or, as they are sometimes called, the medullary arteries pass through the
grey matter to penetrate the centrum ovale to the depth of about an inch and a

—

—
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half, without mtercommunicatmg otherwise than by very fine capillaries, and
thus constitute so many independent small systems. The sJwrt vessels are confined to the cortex, where they form with the long vessels a compact network in
the middle zone of the grey matter, the outer and inner zones being sparingly
supplied with blood (fig. 397). The vessels of the cortical arterial system are
not so strictly terminal as those of the central ganglionic system, but they
approach this type very closely, so that injection of one area from the vessel of
another area, though it may be possible, is frequently very difficult, and is only
As a result of this, obstruction of one
effected through vessels of small calibre.
of the main branches, or its divisions, may have the effect of producing softening
in a very limited area of the cortex.*
'

'

AETEEIES OF THE UPPER EXTREMITY
The

which supplies the upper extremity continues

as a single trunk
but different portions of it have
received different names, according to the region through which it passes. That
part of the vessel which extends from its origin to the outer border of the first
beyond this point to the lower border of the axilla,
rib, is termed the subclavian
and from the lower margin of the axillary space to the
it is termed the axillary
bend of the elbow, it is termed brachial here, the single trunk terminates by
dividing into two branches, the radial and ulnar, an arrangement precisely similar
to what occurs in the lower limb.

from

artery

its

commencement down

elbow

to the

;

;

;

;

'""

Subclavian Aktebies

(fig.

398)

The subclavian artery on the right side arises from the innominate artery
opposite the right sterno-clavicular articulation on the left side it arises from the
arch of the aorta. It follows, therefore, that these two vessels must, in the first
;

part of their course, differ in their length, their direction,

and

their relation with

neighbouring parts.
In order to facilitate the description of these vessels, more especially from a
surgical point of view, each subclavian artery has been divided into three parts.
The first portion, on the right side, passes upwards and outwards from the origin
On the left side it
of the vessel to the inner border of the Scalenus anticus.
ascends nearly vertically, to gain the inner border of that muscle. The second
and the third part passes
part passes outwards, behind the Scalenus anticus
from the outer margin of that muscle, beneath the clavicle, to the outer border of
;

the

first rib,

where

vessels differs so
that

it

two

sides.

will

it

becomes the

much

The first portion of these two
and in its relation with neighbouring parts,
The second and third parts are alike on the

axillary artery.

in its course,

be described separately.

FiEST Part of the Eight Subclavian Aeteey

(figs.

383, 386, 398)

The right subclavian artery arises from the arteria innominata, opposite the
upper part of the right sterno-clavicular articulation, and passes upwards and
outwards to the inner margin of the Scalenus anticus muscle. In this part of
its course it ascends a httle above the clavicle, the extent to which it does so
varying in different cases. It is covered, in front, by the integument, superficial
fascia, Platysma, deep fascia, the clavicular origin of the Sterno-mastoid, the
Sterno-hyoid, and Sterno-thyroid muscles, and another layer of the deep fascia.
It is crossed by the internal jugular and vertebral veins, and by the pneumobranches of the sympathetic, and the phrenic nerve. Beneath,
and behind, it is separated by a cellular
invested by the pleura

gastric, the cardiac

the artery

is

;

* The student who desires further information on this subject is referred to Charcot's
Localisation of Cerebral and Spinal Diseases, p. 42 et seq., whence the facts above given

have been principally derived.
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from the Longus colli, the neck of the first rib, and the cord of the
the recurrent laryngeal nerve winds round the lov^er and
sympathetic nerve
back part of the vessel. The subclavian vein lies below the sul)clavian artery,
immediately behind the clavicle.
interval

;

Plan of Eelations of First Portion of the Eight Subclavian Artery
In front.
Skin, superficial fascia.

Platysma, deep

fascia.

Clavicular origin of Sterno -mastoid.
Sterno-hyoid, and Sterno-tliyroid.
Internal jugular and vertebral veins.
Pneumogastric, cardiac, and phrenic nerves.

Beneath.
Pleura.

Behind.
Recurrent laryngeal nerve.
Sympathetic.

Longus colli.
Neck of first rib.

First Part of the Left Subclavian x\rtery

(fig.

383)

The left subclavian artery arises from the end of the arch of the aorta,
opposite the fourth dorsal vertebra, and ascends nearly vertically to the inner
margin

of the Scalenus anticus muscle.
This part of the vessel is, therefore,
longer than the right, situated more deeply in the cavity of the chest, and directed
nearly vertically upwards instead of arching outwards like the vessel of the

opposite side.
It is in relation, in front,

with

the' pleura, the left lung, the

pneumogastric,

and phrenic nerves, which lie parallel with it, the left carotid artery, left
internal jugular and vertebral veins, and the commencement of the left innominate
vein, and is covered by the Sterno-thyroid, Sterno-hyoid, and Sterno-mastoid
cardiac,

muscles
is

;

it

has the

left

carotid in front

of,

but not in contact with

it

;

behind,

it

in relation with the cesophagus, thoracic duct, inferior cervical ganglion of the

sympathetic, Longus colli, and vertebral column. To its ifiner side are the
oesophagus, trachea, and thoracic duct to its outer side, the pleura.
;

Plan of Eelations of First Portion of the Left Subclavian Artery
In front.
Pleura and left lung.
Pneumogastric, cardiac, and phrenic nerves.
Left carotid artery.
Left internal jugular, vertebral, and innominate veins.
Sterno-thyroid, Sterno-hyoid, and Sterno-mastoid muscles.

Inner

side.

Trachea
/T-T

1

/

^^^^
Subclavian

\

Artery.

'

(Lsophagus.
Thoracic duct.

\

/

Outer

side.

Pleura.

Behind.
Qi^sophagus and thoracic duct.
Inferior cervical ganglion of sympathetic.
Longus colli and vertebral column.
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Second and Thied Paets of the Subclavian Aeteey

The Second Portion
muscle

;

it is

that vessel.

(fig.

386)

of the Subclavian Artery lies behind the Scalenus anticus

very short, and forms the highest part of the arch described by

—

Relations.
It is covered, in front, by the skin, superficial fascia, Platysma,
deep cervical fascia, Sterno-mastoid, and by the phrenic nerve, which is separated
from the artery by the Scalenus anticus muscle. Behind, it is in relation with
the pleura and the Middle scalenus. Above, with the brachial plexus of nerves.
Beloiv, with the pleura.
The subclavian vein lies below and in front of the
artery, separated from it by the Scalenus anticus.

Plan of Eelations of Second Poetion of the Subclavian Aeteey
In front.
Skin and superficial fascia.
Platysma and deep cervical

fascia.

Sterno-mastoid.
Phrenic nerve.
Scalenus anticus.
Subclavian vein.

Above.

/

Brachial plexus.

\

Subciaviau

\

Belo'W.

Artery.

Second Portion.

/

Pleura.

Belimd.
Pleura and Middle Scalenus.

The Third Portion of the Subclavian Artery passes downwards and outwards
from the outer margin of the- Scalenus anticus to the outer border of the first
rib, where it becomes the axillary artery.
This portion of the vessel is the most
superficial, and is contained in a triangular space, the base of which is formed
in front by the Sterno-mastoid, and the two sides by the Omo-hyoid above and
the clavicle below.

Plan of Eelations of Thied Poetion of the Subclavian Aeteey
In front.
Skin and superficial fascia.
Platysma and deep cervical fascia.
Descending branches of cervical plexus. Nerve to Siibclavius muscle.
Subclavius muscle, suprascapular artery, and vein.
The external jugular and transverse cervical veins.

The

clavicle.

/

Above.
^^^"^-

/

Brachial plexus.

\

.

Subclavian
^.^^S'^l-

Below.

\

Fu:st rib.
,

Omo-nyoid.

Behind.
Scalenus medius.
Lov^er cord of brachial plexus.

Relations.— It is covered, in front, by the skin, the superficial fascia, the
Platysma, deep cervical fascia by the clavicle, the Subclavius muscle, and the
the clavicular
suprascapular artery and vein, and the transverse cervical vein
descending branches of the cervical plexus and the nerve to the Subclavius
muscle pass vertically downwards iti front of the artery. The external jugular
;

;
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at its inner side, and receives the suprascapular and transverse
which occasionally form a plexus in front of it. The subclavian
vein is below the artery, lying close behind the clavicle. Behind, it lies on the
Middle Scalenus muscle and the lowest cord of the brachial plexus, formed by
the union of the last cervical and first dorsal nerves. Above it, and to its outer
Below, it rests on the upper
side, is the brachial plexus, and Omo-hyoid muscle.

vein crosses

it

cervical veins,

surface of the

first rib.

Peculiarities.
to

which they
Fig. 398.

—The subclavian arteries vary in their origin, their course, and the height

rise in the neck.

—The subclavian artery, showing
in the

Museum

of the

-

^

its relations.

(From a preparation

Eoyal College of Surgeons.)
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The origin of the right subclavian from the innominate takes place, in some cases,
above the sterno-clavicular articulation and occasionally, but less frequently, in the
cavity of the thorax, below that joint.
Or the artery may arise as a separate trunk from
the arch of the aorta. In such cases it maj^ be either the first, second, third, or even the
last brancli derived from that vessel
in the majority of cases, it is the first or last, rarely
the second or third. When it is the first branch, it occupies the ordinary position of the
innominate artery when the second or third, it gains its usual position by passing behind
the right carotid and when the last branch, it arises from the left extremity of the arch,
at its upper or back part, and passes obliquely towards the right side, usually behind the
oesophagus and right carotid, sometimes between the oesophagus and trachea, to the upper
border of the first rib, whence it follows its ordinary course. In very rare instances, this
;

;

;

;

SUBCLAVIAN
vessel arises from the thoracic aorta, as low
sionally, it perforates the anterior Scalenus
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down
more

as the fourth dorsal vertebra.
Occararely it passes in front of that muscle.
Sometimes the subclavian vein passes with the artery behind the Scalenus. The artery
sometimes ascends as high as an inch and a half above the clavicle, or any intermediate point between this and the upper border of the bone, the right subclavian usually
ascending higher than the left.
The left subclavian is occasionally joined at its origin with the left carotid.
Surface MarMng. The course of the subclavian artery in the neck may be mapped
out, by describing a curve, with its convexity upwards at the base of the posterior triangle.
The inner end of this curve corresponds to the sterno-clavicular joint, the outer end to
the centre of the lower border of the clavicle. The curve is to be drawn with such an
amount of convexity that its mid-point reaches half an inch above the upper border of the
clavicle.
The left subclavian artery is more deeply placed than the right in the first part
of its course, and, as a rule, does not reach quite as high a level in the neck.
It should
be borne in mind that the posterior border of the Sterno-mastoid muscle corresponds
to the outer border of the Scalenus anticus, so that the third portion of the artery, that
part most accessible for operation, lies immediately^ external to the posterior border of the
;

—

Sterno-mastoid.

—

Surgical Anatomy. The relations of the subclavian arteries of the two sides having
been examined, the student should direct his attention to a consideration of the best position in which compression of the vessel may be effected, or in what situation a ligature
may be best applied in cases of aneurism or wound.
Compression of the subclavian artery is required in cases of operations about the
shoulder, in the axilla, or at the upper part of the arm
and the student will observe that
there is only one situation in which it can be effectually applied, viz. where the artery
passes across the upper surface of the first rib. In order to compress the vessel in this
situation, the shoulder should be depressed, and the surgeon grasping the side of the neck
should press with his thumb in the angle formed by the posterior border of the Sternomastoid Avith the upper border of the clavicle, downwards, backwards, and inwards against
the rib if from any cause the shoulder cannot be sufficiently depressed, pressure may be
made from before backwards, so as to compress the artery against the Middle scalenus and
transverse process of the seA^enth cervical vertebra. In appropriate cases, a preliminary
incision may be made through the cervical fascia, and the finger may be pressed down
;

;

directly

upon the

artery.

Ligature of the subclavian artery may be required in cases of wounds, or of aneurism
in the axilla, or in cases of aneurism on the cardiac side of the point of ligature
and the
third part of the arterj- is that which is most favourable for an operation, on accoimt of its
being comparatively superficial, and most remote from the origin of the large branches.
In those cases where the clavicle is not displaced, this operation may be performed with
comparative facility but where the clavicle is pushed up by a large aneurismal tumour
in the axilla, the artery is placed at a great depth from the surface, which materially
increases the difficult}- of the operation.
Under these circumstances, it becomes a matter
of importance to consider the height to which this vessel reaches above the bone.
In
ordinary cases, its arch is about half an inch above the clavicle, occasionally as high as an
inch and a half, and sometimes so low as to be on a level with its upper border. If the
;

;

claAdcle is displaced, these variations will necessarily make the operation
difficult, according as the vessel is more or less accessible.

The

more

or less

chief points in the operation of tying the third portion of the subclavian artery are
the patient being placed on a table in the supine position, with the head
drawn over to the opposite side, and the shoulder depressed as much as possible, the
integument should be drawn downwards over the clavicle, and an incision made through
it, upon that bone, from the anterior border of the Trapezius to the posterior border of the
Sterno-mastoid, to which may be added a short vertical incision meeting the preceding in
its centre.
The object in drawing the skin downwards is to avoid any risk of wounding the
external jugular vein, for as it perforates the deep fascia above the clavicle, it cannot be
drawn downwards with the skin. The soft parts should now be allowed to glide up, and
the cervical fascia divided upon a director, and if the interval between the Trapezius and
Sterno-mastoid muscles be insufficient for the performance of the operation, a portion of
one or both may be divided. The external jugular vein will now be seen towards the inner
side of the wound
this and the suprascapiilar and transverse cervical veins which terminate in it should be held aside. If the external jugular vein is at all in the way and
exposed to injury, it should be tied in two places and divided. The suprascapular artery
should be avoided, and the Omo-hyoid muscle held aside if necessary. In the space
beneath this muscle, careful search must be made for the vessel a deep layer of fascia
and some connective tissue having been divided carefully, the outer margin of the Scalenus
anticus muscle must be felt for, and the finger being guided by it to the first rib, the pulThe sheath of the
sation of the subclavian artery will be felt as it passes over the rib.
vessels having been opened, the aneurism needle may then be passed aroimd the artery
from above downwards and inwards so as to avoid including any of the branches of the
brachial plexus.
If the clavicle is so raised by the tumour that the application of the
ligatm^e camiot be effected in this situation, the artery may be tied above the first rib, or
as follows

:

:

;
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even behind the Scalenus anticus nauscle the difficulties of the operation in such a case
will be materially increased, on account of the greater depth of the artery, and the alteration in position of the surrounding parts.
The second jsart of the subclavian artery, from being that portion which rises highest
in the neck, has been considered favourable for the application of the ligature, when it is
There are, however, nianj'
difficult to tie the artery in the third part of its course.
;

It is necessary to divide the Scalenus anticus
objections to the operation in this situation.
muscle, upon which lies the phrenic nerve, and at the inner side of which is situated the
mternal jugular vein and a wound of either of these structures might lead to the most
dangerous consequences. Again, the artery is in contact, below, with the pleura, which
must also be avoided and, lastly, the proximity of so many of its large branches arising
In cases, however,
internal to this point must be a still further objection to the operation.
where the sac of an axillary aneurism encroaches on the neck, it may be necessary to
divide the outer half or two-thirds of the Scalenus anticus muscle, so as to place the
The operation is performed
ligature on the vessel at a greater distance from the sac.
exactly in the same way as ligature of the third portion, until the Scalenus anticus is
exposed, when it is to be divided on a director (never to a greater extent than its outer
The operation is therefore merely an extension of
two-thirds), and it immediately retracts.
ligature of the third portion of the vessel.
In those cases of aneurism of the axillary or subclavian artery which encroach upon
the outer portion of the Scalenus muscle to such an extent that a ligature cannot be applied
in that situation, it may be deemed advisable, as a last resource, to tie the first portion of
On the left side, this operation is almost impracticable the great
the subclavian artery.
depth of the artery from the sm-face, its intimate relation with the pleura, and its close
proximity to the thoracic duct and to so many important veins and nerA-es, present a series of
On the right side, the operation is
difficulties which it is next to impossible to overcome.*
The main objection to
practicable, and has been performed, though never with success.
the operation in this situation is the smaUness of the interval which usually exists
between the commencement of the vessel and the origin of the nearest branch. The
The patient being placed on the
operation may be performed in the following manner
table in the supine position, with the neck extended, an incision should be made along
the upper border of the inner part of the clavicle, and a second along the inner border of
the Sterno-mastoid, meeting the former at an angle. The sternal attachment of the Sternomastoid must now be divided on a director, and turned outwards a few small arteries and
veins, and occasionally the anterior jugular, must be avoided, or, if necessary, ligatured in
two places and divided, and the Sterno-hj-oid and Sterno-thyroid muscles divided in the
same manner as the preceding muscle. After tearing through the deep fascia with the
this
finger-nail, the internal jugular vein will be seen crossing the subclavian artery
should be pressed aside, and the artery secured by passing the needle from below iipwards.
by which the pleura is more effectually avoided. The exact position of the vagus, the
recurrent laryngeal, the phrenic and sympathetic nerves should be remembered, and the
ligature should be applied near the origin of the vertebral, in order to afford as much
room as possible for the formation of a coagulum between the ligature and the origin of
the vessel. It should be remembered, that the right subclavian artery is occasionally
deeply placed in the first part of its course, when it arises from the left side of the
aortic arch, and passes in such cases behind the cesophagus, or between it and the
;

;

;

:

—

;

;

trachea.
Collateral Circulation. After ligature of the third part of the subclavian artery, the
collateral circulation is mainly established by three sets of vessels, thus described in a
dissection
I.
posterior set, consisting of the suprascapular and posterior scapular branches of
the subclavian, anastomosing with the median branch fL'om the subscapular from the

—

:

'

A

axillary.
2. An internal set produced b.y the connection of the internal mammary on the one
hand, with the superior and long thoracic arteries, and the branches from the subscapular on
the other.
3. A middle or axillary set, which consisted of a number of small vessels derived
from branches of the subclavian, above and, passing through the axilla, terminated either
in the main trunk, or some of the branches of the axillary below.
This last set presented
most conspicuously the peculiar character of newly-formed or, rather, dilated arteries,
being excessively tortuous, and forming a complete plexus.
'The chief agent in the restoration of the axillary artery below the tumom was the
subscapular artery, which commimicated most freely with the internal mammary, suprascapular, and posterior scapular branches of the subclavian, from all of which it received
so great an influx of blood as to dilate it to three times its natural size.' f
'

'

;

* The operation was. however, performed in New York by Dr. J. K. Eodgers, and the
case is related in A System of Surgery, edited by T. Holmes, 2nd ed. vol. iii. pp. 620, &c.
Case of axillary aneurism, in which Mr. Aston
t Guy's Hosjntal Eejoo^'ts, vol. i. 1 836.
Key had tied the subclavian artery on the outer edge of the Scalenus muscle, twelve years
previously.
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When

a ligature is applied to the first part of the subclavian artery, the collateral
is carried on by
i
the anastomosis between the superior and inferior thyroid
2, the anastomosis of the two vertebrals
3, the anastomosis of the internal mammary
Avith the deep epigastric and the aortic intercostals
4, the superior intercostal anastomosing with the aortic intercostals; 5, the profunda cervicis anastomosing with the
princeps cervicis 6, the scapular branches of the thyroid axis anastomosing with the
branches of the axillary and 7, the thoracic branches of the axillary anastomosing with
the aortic intercostals.
circulation

:

,

;

;

;

;

Branches.

— The branches given

off

from the subclavian artery are

Vertebral.

mammary.

Internal

On

Thyroid

:

axis.

Superior intercostal.

side all four branches generally arise from the first portion of the
but on the right side, the superior intercostal usually arises from the
second portion of the vessel. On both
sides of the body, the first three branches
Fig. 399.— Plan of the branches of the

vessel

tlie left

;

arise close togetlier at the inner
of the

Scalenus lanticus

margin

right subclavian artery.

in the majority

;

an inch
an inch existing between the com-

of cases, a free interval of half
to

mencement

and the origin
branch
in a smaller
number of cases, an interval of more
than an inch exists, never exceeding an
inch and three-quarters. In a very few
instances, the interval had been found
to be less than half an inch.
The vertebral artery arises from the upper part
of the artery, slightly behind the middle
line
the internal mammary from the
lower part of the artery the thyroid axis from in front, and the superior intercostal
from behind.
The Vertebral Artery (fig. 391) is generally the first and largest branch of the
subclavian
it arises from the upper and back part of the first portion of the
vessel, and, passing upwards, enters the foramen in the transverse process of the
sixth cervical vertebra,* and ascends through the foramina in the transverse
processes of all the vertebree above this. Above the upper border of the axis,
it inclines outwards and upwards to the foramen in the transverse process of the
atlas, through which it passes
it then winds backwards behind its articular
process, runs in a deep groove on the upper surface of the posterior arch of this
bone, and, passing beneath the posterior occipito-atlantal ligament, pierces the
dura mater and arachnoid, and enters the skull through the foramen magnum.
It then passes forwards and upwards, and inclining to the middle line to the
front of the medulla oblongata, it unites with the vessel of the opposite side at
the lower border of the pons Varolii to form the basilar artery.
Relations.
At its origin, it is situated behind the internal jugular and vertebral
veins, and is crossed by the inferior thyroid artery
it lies between the Longus
colli and Scalenus anticus muscles, having the thoracic duct in front of it on the
left side.
It rests on the transverse process of the seventh cervical vertebra
and the sympathetic nerve. Within the foramina formed by the transverse
processes of the vertebrae, it is accompanied by a plexus of nerves from the
inferior cervical ganglion of the sympathetic, and is surrounded by a dense
plexus of veins which unite to form the vertebral vein at the lower part of the
neck. It is situated in front of the cervical nerves, as they issue from the intervertebral foramina.
Whilst winding round the articular process of the atlas, it
of

of the artery

the nearest

;

;

;

;

;

—

:

*

The vertebral artery sometimes

enters the foramen in the transverse process of the
Dr. Smyth, who tied this artery in the living subject, found it, in one of
his dissections, passing into the foramen in the seventh vertebra.

fifth vertebra.
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contained in a triangular space [suboccipital triangle) formed by the Rectus
and the Inferior obHque muscles and at
The suboccipital nerve here
this point is covered by the Complexus muscle.
Within the skull, as it winds round the
lies between the artery and the bone.
medulla oblongata, it is placed between the hypoglossal nerve and the anterior
root of the suboccipital nerve, beneath the first digitation of the ligamentum
denticulatum, and finally lies between the dura mater and arachnoid covering
the basilar process of the occipital bone and the anterior surface of the medulla

is

capitis posticus major, the Superior

;

oblongata.

The branches given off from this vessel may be divided into two sets
given off in the neck, and those within the cranium.

— those

Cranial Branches.

Cervical Branches.

Lateral Spinal.

Posterior Meningeal.

Muscular.

Anterior Spinal.
Posterior Spinal.
Posterior Inferior Cerebellar.

The lateral spinal branches enter the spinal canal through the intervertebral
Of these, one passes along the roots of
foramina, and divide into two branches.
the nerves to supply the spinal cord and its membranes, anastomosing with the
the other divides into an ascending and a
other arteries of the spinal cord
descending branch, which unite with similar branches from the artery above and
,

;

below, so that two lateral anastomotic chains are formed on the posterior surface
From these
of the bodies of the vertebras, near the attachment of the pedicles.
anastomotic chains branches are given off, to supply the periosteum and the
bodies of the vertebrae, and to communicate with similar branches from the
opposite side from these latter small branches are given off which join similar
branches above and below, so that a central anastomotic chain is formed on the
;

posterior surface of the bodies of the vertebras.
Muscular branches are given off to the deep muscles of the neck,

vertebral artery curves round the articular process of the atlas.

where the

They anastomose

with the occipital, and with the ascending and deep cei^vical arteries.
The posterior meningeal are one or two small branches given off from the
They ramify between the bone and
vertebral opposite the foramen magnum.
dura mater in the cerebellar fossae, and supply the falx cerebelli.
The anterior spinal is a small branch, though larger than the posterior spinal
which arises near the termination of the vertebral, and, descending in front of
the medulla oblongata, unites with its fellow of the opposite side at about the
One of these vessels is usually of much larger
level of the foramen magnum.
size than the other, but; occasionally they are about equal in size.
The single
trunk, thus formed, descends on the front of the spinal cord, and is reinforced
by a succession of small branches which enter the spinal canal through the
these branches are derived from the vertebral and
intervertebral foramina
ascending cervical of the inferior thyroid in the neck from the intercostal in
the dorsal region and from the lumbar, ilio-lumbar, and lateral sacral arteries
They unite, by means of ascending and descendin the lower part of the spine.
ing branches, to form a single anterior median artery, which extends as far as
This vessel is placed in the pia mater along
the lower part of the spinal cord.
it supplies that membrane, and the substance of
the anterior median fissure
the cord, and sends off branches at its lower part to be distributed to the cauda
equina, and ends on the central fibrous prolongation of the cord.
;

;

;

;

The posterior spinal arises from the vertebral, at the side of the medulla
passing backwards to the posterior aspect of the spinal cord, it
oblongata
descends on each side, lying behind the posterior roots of the spinal nerves
and is reinforced by a succession of small branches, which enter the spinal canal
through the intervertebral foramina, and by which it is continued to the lower
part of the cord, and to the cauda equina. Branches from these vessels form a
;

;

—
BASILAE

593

anastomosis round the posterior roots of the spinal nerves, and communicate,
by means of very tortuous transverse branches, with the vessel of the opposite
At its commencement it gives off an ascending branch, which terminates
side.
free

at the side of the fourth ventricle.

The

posterior inferior cerebellar artery

(fig. 393), the largest branch of the
winds backwards round the upper part of the medulla oblongata, passing
between the origin of the pneumogastric and spinal accessory nerves, over the
restiform body to the under surface of the cerebellum, where it divides into two
branches an internal one, which is continued backwards to the notch between
the two hemispheres of the cerebellum and an external one, which supplies the
under surface of the cerebellum, as far as its outer border, where it anastomoses
with the anterior inferior cerebellar and the superior cerebellar branches of the
basilar artery.
Branches from this artery supply the choroid plexus of the fourth

vertebral,

:

;

ventricle.

—

Surgical Anatomy. The vertebral ai'tery has been tied in several instances i, for
or traumatic aneurism
2, after ligature of the innominate, either at the same
time to prevent haamorrhage, or later on to arrest bleeding where it has occurred at the
seat of ligature; and 3, in epilepsy.
In these latter cases the treatment has been recommended by Dr. Alexander, of Liverpool, in the hope that by diminishing the supply of
blood to the posterior part of the brain and the spinal cord, a diminution or cessation of
the epileptic fits would result. The operation of ligature of the vertebral is performed by
making an incision along the posterior border of the Sterno-mastoid muscle, just above
the clavicle. The muscle is pulled to the inner side and the anterior tubercle of the
transverse process of the sixth cervical vertebra sought for. A deep layer of fascia being
now divided, the interval between the Scalenus anticus and the Longus colli, just below
their attachment to the tubercle, is defined, aiiJ the artery and vein found in the interspace.
The vein is to be drawn to the outer side, ancTthe aneurism needle passed from without
inwards. Drs. Ramskill and Bright have pointed out that severe pain at the back of the
head maj^ be symptomatic of disease of the vertebral artery just before it enters the skull.
This is explained by the close connection of the artery with the suboccipital nerve in the
groove on the posterior arch of the atlas. Disease of the same artery has been also said
to affect speech, from pressure on the hypoglossal, where it is in relation with the vessel,

wounds

:

;

leading to paralysis of the nuiscles of the tongue.
(fig. 393), so named from its position at the base of the
trunk formed by the junction of the two vertebral arteries it
extends from the posterior to the anterior border of the pons Varolii, lying in
its median groove, under cover of the arachnoid.
It ends by dividing into two
branches, the posterior cerebral arteries. Its branches are, on each side, the

The

Basilar Artery

skull, is a single

following

;

:

Transverse.
Anterior Inferior Cerebellar.

The transverse branches supply the pons

Superior Cerebellar.
Posterior Cerebral.
Varolii

and adjacent parts

of the

one branch, the internal auditory, accompanies the auditory nerve into
the internal auditory meatus.
The anterior inferior cerebellar artery passes backwards across the crus
cerebelli, to be distributed to the anterior border of the under surface of the
cerebellum, anastomosing with the posterior inferior cerebellar branch of the
brain

;

vertebral.

The superior cerebellar arteries arise near the termination of the basilar.
They pass outwards, immediately behind the third nerve, which separates them
from the posterior cerebral, wind round the crus cerebri, close to the fourth
nerve, and arriving at the upper surface of the cerebellum, divide into branches
which ramify in the pia mater and, reaching the circumference of the cerebellum,
anastomose with the loranches of the inferior cerebellar arteries. Several branches
are given to the pineal gland, the valve of Vieussens, and the velum interpositum.

The

two terminal branches of- the basilar, are
from which they are separated near their origin by

posterior cerebral arteries, the

larger than the preceding,

the third nerves.

Passing outwards, parallel to the superior cerebellar artery

QQ
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and receiving the posterior communicating, they wind round the crura cerebri,
and pass to the under surface of the occipital lobes of the cerebrum, and break
up into branches for the supply of the temporo-sphenoidal and occipital lobes.

The branches

of the posterior cerebral artery are

:

Postero-median Ganglionic.

Postero-lateral Ganglionic.

Posterior Choroid.

Three Terminal.

The postero-median ganglionic branches
arise at the commencement of the

which

(fig. 396) are a group of small arteries
these, with
posterior cerebral artery
;

from the posterior communicating, pierce the posterior perforated space, and supply the internal surfaces of the optic thalami and the walls
similar branches

The

the third ventricle.

of

posterior choroid enters the interior of the brain

beneath the posterior border of the corpus callosum, and supplies the velum
interpositum and the choroid plexus. The postero-lateral ganglionic branches
are a group of small arteries which arise from the posterior cerebral artery, after
they supply a considerable portion of the
it has turned round the crus cerebri
The terminal branches are distributed as follows the first to
optic thalamus.
and the third
the uncinate gyrus the second to the temporo-sphenoidal lobe
to the cuneus or the occipital lobule.
The remarkable anastomosis which exists between the
Circle of "Willis.
branches of the internal carotid and vertebral arteries at the base of the brain
It is formed, in front, by the anterior cerebral
constitutes the circle of Willis.
arteries, branches of the internal carotid, which are connected together by the
anterior communicating; behind, by the two posterior cerebrals, branches of the
basilar, which are connected on each side with the internal carotid by the posIt is by this anastomosis that the
terior communicating arteries (fig. 393).
;

:

;

;

—

cerebral circulation

is

equalised,

and provision made

for effectually carrying

it

one or more of the branches are obliterated. The parts of the brain
included within this arterial circle are the lamina cinerea, the commissure of
the optic nerves, the infundibulum, the tuber cinereum, the corpora albicantia,
and the posterior perforated space.
The Thyroid Axis (fig. 386) is a short t*hick trunk, which arises from the fore
part of the first portion of the subclavian artery, close to the inner border of the
Scalenus anticus muscle, and divides, almost immediately after its origin, into

on

if

:

three branches, the inferior thyroid, siipirascapular, and transversalis colli.
The Inferior Thyroid Artery passes upwards, in front of the vertebral artery,

recurrent laryngeal nerve and

Longus

muscle then turns inwards behind
and internal jugular vein, and also
behind the sympathetic nerve, the middle cervical ganglion resting upon the
vessel, and reaching the low^er border of the lateral lobe of the thyroid gland it
divides into two branches, which supply the posterior and under part of the organ,
and anastomose in its substance with the superior thyroid, and with the

the sheath of the

common

colli

;

carotid artery

corresponding artery of the opposite

side.

Its

branches

are, the

Inferior Laryngeal.

Oesophageal.

Tracheal.

Ascending Cervical.
Muscular.

The

branch ascends upon the trachea to the back part of
company with the recurrent laryngeal nerve, and supplies the
muscles and mucous membrane of this part, anastomosing with the branch
inferior laryngeal

the larynx, in

from the opposite

side,

and with the laryngeal branch from the superior thyroid

artery.

The tracheal branches are distributed upon the trachea, anastomosing below
with the bronchial arteries.
The oesophageal branches are distributed to the oesophagus, and anastomose
with the oesophageal branches of the aorta.
The ascending cervical is a small branch which arises from the inferior
.

-
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thyroid, just where that vessel is passing behind the common carotid artery, and
runs up on the anterior tubercles of the transverse processes of the cervical
vertebrae in the interval between the Scalenus anticus and Eectus capitis anticus
major. It gives branches to the muscles of the neck, which anastomose with
branches of the vertebral, and sends one or two branches into the spinal canal
through the intervertebral foramina to be distributed to the spinal cord and its
membranes, and to the bodies of the vertebrae in the same manner as the lateral
spinal branches from the vertebral.
It anastomoses with the
ascending
pharyngeal and occipital arteries.
The muscular branches supply the depressors of the hyoid bone, the Longus
colli, the Scalenus anticus, and the Inferior constrictor of the pharynx.

—

Siirgical Anatomy.
This artery is sometimes tied, in conjunction with the superior
thyroid, in capes of bronchocele.
An incision is made along the anterior border of the
Sterno-mastoid down to the clavicle. After the deep fascia has been divided, the Sternomastoid and carotid vessels are drawn outwards, and the carotid (Chassaignac's) tubercle
sought for. The vessel will be found just below this tubercle, between the carotid sheath
on the! outer side and tlie trachea and cesophagas on the inner side. In passing the
ligature, great care must be exercised to avoid including the recurrent laryngeal nerve,
which is occasionally found crossing in front of the vessel.

The Suprascapular Artery (transversalis humeri), smaller than the transversaHs colH, passes obhquely from within outwards, across the root of the neck.
It at first lies on the lower
part of the Scalenus antiFig. 400. Tlie scapular and circumflex arteries.
cus, being covered by the
Posterior scapular
Acromial branch
Suprascapular
of Thoracico-acromialis
Sterno-mastoid
it
then
crosses
the
subclavian
artery and runs outwards,
behind and parallel with
mflex

—

;

the

and Suband be-

clavicle

muscle,

clavius

neath the posterior belly
of the

Omo-hyoid,

superior

border

to the

the
passes
over the transverse ligament of the scapula, to the
supraspinous fossa.
In
scapula,

where

this situation

it

of

it

lies close

and ramifies
between it and the Supra
spinatus muscle, to which
it
is
mainly distributed,
giving off a communicating branch, which crosses
the neck of the scapula, to reach the infraspinous fossa, where it anastomoses
with the dorsal branch of the subscapular artery. Besides distributing branches
to the Sterno-mastoid, Subclavius, and neighbouring muscles, it gives off a suprasternal branch, which crosses over the sternal end of the clavicle to the skin
of the upper part of the chest
and a supra-acromial branch, which, piercing the
Trapezius muscle, supplies the cutaneous surface of the acromion, anastomosing
with the acromial thoracic artery.
As the artery passes over the transverse
ligament of the scapula, a branch descends into 4;he subscapular fossa, ramifies
beneath that muscle, and anastomoses with the posterior and subscapular arteries.
It also sends branches to the acromio-clavicular joint and the shoulder- joint, and

to the bone,

;

a nutrient artery to the clavicle.

The Transversalis

Colli passes transversely outwards, across the upper part
subclavian triangle, to the anterior margin of the Trapezius muscle,
beneath which it divides into two branches, the suioerficial cervical and the

of the

Q Q

2
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In its passage across the neck, it crosses in front of the
brachial plexus, between the divisions of which it somethe
and
muscles
Scaleni
times passes, and is covered by the Platysma, Sterno-mastoid, Omo-hyoid, and
Trapezius muscles.
The superficial cervical ascends beneath the anterior margin of the Trapezius, distributing branches to it, and to the neighbouring muscles and glands in
the neck, and anastomoses with the superficial branch of the arteria princeps

posterior scapular.

•

cervicis.

The posterior scapular passes beneath the Levator anguli scapulae to the
It now descends along the posterior border of
superior angle of the scapula.
that bone as far as the inferior angle, where it anastomoses with the subscapular
branch of the axillary. In its course it is covered by the Rhomboid muscles,
supplying them and the Latissimus dorsi and Trapezius, and anastomosing with
and with the posterior branches of

the suprascapular and subscapular arteries,

some

of the intercostal arteries.

—

The superficial cervical frequently arises as a separate branch from the
Peculiarities.
thyroid axis ; and the posterior scapular, from the third, more rarely from the second, part
of the subclavian.

The Internal Mammary

(fig.

401) arises from the under surface of the

tion of the subclavian artery, opposite the thyroid axis.

It

first

por-

descends behind the

costal cartilage of the first rib to the inner surface of the anterior wall of the

costal cartilages about half an inch from the margin
sternum and, at the interval between the sixth and seventh cartilages,
divides into two branches, the musculo-phrenic and superior epigastric.
Relations.
At its origin it is covered by the internal jugular and subclavian
In the upper part of the thorax, it lies
veins, and crossed by the phrenic nerve.
against the costal cartilages and Internal intercostal muscles in front, and is
covered by the pleura behind. At the lower part of the thorax, the Triangularis
It has two venae comites, which
sterni separates the artery from the pleura.
unite into a single vein before joining the innominate vein of its own side.
The branches of the internal mammary are

chest, resting against the
of the

;

—

Comes Nervi Phrenici

(Superior Phrenic).

Anterior Intercostal.

Mediastinal.

Perforating.

Pericardiac.

Musculo-phrenic.
Superior Epigastric.

Sternal.

The comes nervi phrenici (superior phrenic) is a long slender branch, which
accompanies the phrenic nerve, between the pleura and pericardium, to the
Diaphragm, to which it is distributed anastomosing with the other phrenic
arteries from the internal mammary, and abdominal aorta.
The mediastinal branches are small vessels, which are distributed to the areolar
tissue and lymphatic glands in the anterior mediastinum, and the remains of the
;

thymus gland.
The pericardiac branches supply the upper part
of the pericardium, the

of

the

anterior surface

lower part receiving branches from the musculo-phrenic

artery.

The

sternal branches are distributed to the Triangularis sterni,

and

to the

posterior surface of the sternum.

The mediastinal, pericardiac, and sternal branches, together with some twigs
from the comes nervi phrenici, anastomose with branches from the intercostal
and bronchial arteries, and form a minute plexus beneath the pleura which has
been named by Turner the suhp)leural mediastinal pilexus.
The anterior intercostal arteries supply the five or six upper intercostal
spaces.
The branch corresponding to each space soon divides into two or the
two branches may come off separately from the parent trunk. These small vessels
pass outwards in the intercostal spaces, one lying near the lower margin of the
rib above, and the other near the upper margin of the rib below, and anastomose
;
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with the intercostal arteries from the aorta. They are at first situated between
the pleura and the Internal intercostal muscles, and then between the Internal
and External intercostal muscles. They supply the Intercostal muscles and, by
Fig. 401.

— The internal mammary artery and

its

branches.

Internal niammartj artery

Scalenus anticus

—

OT?^^"'

^7

^
Common
carotid
Innominate
" Internal

r

7

mammary

Perforating branches

Ant. intercostal branches -.zs"'

Superior epigastric artery

Musculo-phrenic artery

Deep epigastric artery

-Ext.

iliac artery

branches which perforate the External intercostal muscle, the Pectoral muscles

and the

mammary

The perforating

gland.
arteries correspond to the five or six

upper intercostal spaces.
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arise from the internal mammary, pass forwards through the intercostal
spaces, and, curving outwards, supply the Pectoralis major, and the integument.
Those which correspond to the second, third, and fourth spaces are distributed

They

to the

mammary

gland.

In females, during lactation, these branches are

of

large size.

The musculo-phrenic artery
behind the cartilages of the
eighth or ninth

rib,

is

downwards and outwards,

directed obliquely

perforating the Diaphragm at the
and terminating, considerably reduced in size, opposite
false

ribs,

It gives off anterior intercostal arteries to each
the last intercostal space.
these diminish in size as
of the intercostal spaces across which it passes
the spaces decrease in length, and are distributed in a manner precisely
;

similar

the

to

anterior

intercostals

from

the

internal

mammary.

The

musculo-phrenic also gives branches to the lower part of the pericardium, and
others which run backwards to the Diaphragm, and downwards to the abdominal
muscles.
The superior epigastric continues in the original direction of the internal
mammary it descends through the cellular interval between the costal and sternal
;

attachments of the Diaphragm, and -enters the sheath of the Rectus abdominis
muscle, at first lying behind the muscle, and then perforating it and supplying it,
and anastomosing with the deep epigastric artery from the external iliac. Some
vessels perforate the sheath of the Eectus, and supply the muscles of the abdomen and the integument, and a small branch, which passes inwards upon the
side of the ensiform appendix, anastomoses in front of that cartilage with the
artery of the opposite side.

— The course of the interaal

mammary artery may be defined by
upper intercostal spaces, half an inch from and parallel with
the sternum.
The position of the vessel must be remembered, as it is liable to be wounded
in stabs of the chest-wall.
It is most easily reached by a transverse incision in the second
Surgical Anatomy.

drawing a

line across the six

intercostal space.

The Superior Intercostal (fig. 391) arises from the upper and back part of the
subclavian artery, behind the x\nterior scalenus on the right side, and to the
inner side of the muscle on the left side.
Passing backwards, it gives off the
deep cervical branch, and then descends behind the pleura in front of the necks
of the first two ribs, and inosculates with the first aortic intercostal.
In the
intercostal space, it gives off a branch which is distributed in a manner
similar to the distribution of the aortic intercostals.
The branch for the second

first

from the aortic intercostals. Bacji interbranch to the posterior spinal muscles, and a small one. which
passes through the corresponding intervertebral foramen to the spinal cord and
its membranes.
The deep cervical branch {profunda cervicis) arises, in most cases, from the
superior intercostal, and is analogous to the posterior branch of an aortic intercostal artery
occasionally it arises as a separate branch from the subclavian
artery.
Passing backwards, between the transverse process of the seventh
cervical vertebra and the first rib, it runs up the back part of the neck, between
the Complexus and Semispinalis colli muscles, as high as the axis, supplying
these and adjacent muscles, and anastomosing with the deep branch of the
arteria princeps cervicis of the occipital, and with branches w^hich pass outw^ards
from the vertebral. It gives off a special branch which enters the spinal canal
through the intervertebral foramen between the seventh cervical and first dorsal

intercostal space usually joins with one
costal gives off a

:

vertebra.

Anatomy of the Axilla
The Axilla

is a pyramidal space, situated between the upper and lateral part
and the inner side of the arm.
Boundaries.
Its apex, which is directed upwards towards the root of
the neck, corresponds to the interval between the first rib, the upper edge of

of the chest

—
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through which the axillary vessels and nerves
is formed by the integument, and a
thick layer of fascia, extending between the lower border of the Pectoralis
major in front, and the lower border of the Latissimus dorsi behind
it is
broad internally, at the chest, but narrow and pointed externally, at the arm.
The anterior hoimclary is formed by the Pectoralis major and minor muscles,
the former covering the whole of the anterior wall of the axilla, the latter
covering only its central part. The posterior houndary, which extends somewhat lower than the anterior, is formed by the Subscapularis above, the Teres
On the inner side are the first four
major and Latissimus dorsi below.
ribs 'with their corresponding Intercostal muscles, and part of the Serratus
magnus. On the outer side, where the anterior and posterior boundaries conthe scapula,

pass.

The

and the

base,

clavicle,

directed downwards,

;

FiG. 402.

— The axillary artery and

its

branches.

\X
verge, the space is narrow,

and bounded by the humerus, the Coraco-brachialis

and Biceps muscles.

—

This space contains the axillary vessels, and brachial plexus
with their branches some branches of the intercostal nerves, and a
large number of lymphatic glands, all connected together by a quantity of fat
Contents.

of nerves,

and loose areolar

;

tissue.

—

Their Position. The axillary artery and vein, with the brachial plexus
of nerves, extend obliquely along the outer boundary of the axillary space, from
its apex to its base, and are placed much nearer the anterior than the posterior
wall, the vein lying to the inner or thoracic side. of the artery, and partially concealing it.
At the fore part of the axillary space, in contact with the Pectoral
muscles, are the thoracic branches of the axillary artery, and along the anterior
margin of the axilla the long thoracic artery extends to the side of the chest. At
the back part, in contact with the lower margin of the Subscapularis muscle, are
the subscapular vessels and nerves
winding around the lower border of this
;

;;
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muscle

is

the dorsalis scapulae artery and veins

of the muscle, the posterior circumflex vessels

and towards the outer extremity
and the circumflex nerve are seen
;

curving backwards to the shoulder.
Along the inner or thoracic side no vessel of any importance exists, the upper
part of the space being crossed merely by a few small branches from the superior
There are some important nerves, however, in this situation,
thoracic artery.
viz. the posterior thoracic or external respiratory nerve, descending on the surand perforating the
face of the Serratus magnus, to which it is distributed
upper and anterior part of this wall, the intercosto-humeral nerve or nerves,
passing across the axilla to the inner side of the arm.
The cavitji- of the axilla is filled by a quantity of loose areolar tissue, and a
large number of small arteries and veins, all of which are, however, of inconthese are from ten to twelve in
siderable size, and numerous lymphatic glands
number, and situated chiefly on the thoracic side, and lower and back part of
;

•

:

this space.

—

Surgical Anatomy. The axilla is a space of considerable surgical importance. It
transmits tlie large vessels and nerves to the upper extremity, and these may be the seat
it contains numerous lymphatic glands which may require removal
of injury or disease
when diseased in it is a quantity of loose connective and adipose tissue which may be
readily infiltrated with blood or inflammatory exudation, and it maj' be the seat of rapidly
growing tumours. Moreover, it is covered at its base by thin skin, largely supplied with
sebaceous and sweat glands, which is frequently the seat of small cutaneous abscesses and
boils, and of eruptions due to irritation.
In suppuration in the axilla, the arrangement of the fasciae plays a very important part
the direction which the pus takes. As described on page 470, the costo-coracoid
membrane, after covering in the space between the clavicle and the upper border of the
Pectoralis minor, splits to enclose this muscle, and, reblending at its lower border, becomes
incorporated with the fascia covering the Pectoralis major luuscle at the anterior fold of
the axilla. This is known as the clavi-pectoral fascia.
Suppuration may take place
either superficial to or beneath this laj'er of fascia
that is, either between the Pectorals or
below the Pectoralis minor in the former case, it would point either at the anterior border
of the axillary fold, or
the groove between the Deltoid and the Pectoralis major in the
latter, the pus would have a tendency' to surround the vessels and nerves, and ascend into
the neck, that being the direction in which there is least resistance.
Its progress towards
the skin is prevented by the axillary fascia its progress backwards, by the Serratus
magnus forwards, by the clavi-pectoral fascia inwards, by the waU of the thorax
and outwards, by the upper limb. The pus in these cases, after extending into the neck,
has been known to spread through the superior opening of the thorax into the mediastinum.
In opening an axillary abscess, the knife should be entered in the floor of the axilla,
midway between the anterior and postei-ior margins and near the thoracic side of the
space.
It is well to use a director and dressing forceps, after an incision has been made
through the skin and fascia, in the manner directed by the late Mr. Hilton.
The student should attentively consider the relation of the vessels and nerves in the
several parts of the axilla for it not unfrequently happens that the surgeon is called upon
to extirpate diseased glands, or to reiuove a tumour from this situation.
In performing
sach an operation, it will be necessary to proceed with much caution in the direction of
the outer wall and apex of the space, as here the axillary vessels will be in danger of
being woiuided. Towards the posterior wall, it will be necessary to avoid the subscapular,
dorsalis scapulae, and posterior circumflex vessel.
Along the anterior wall, it will be
necessary to avoid the thoracic branches. It is only along the mner or thoracic wall, and
in the centre of the axillary cavity, that there are no vessels of any importance
a fortunate circumstance, for it is in this situation more especially that tumours requiring
removal are usually situated.
:

;

m

;

:

m

;

;

;

;

;

;

The Axillary Aeteey
The Axillary Artery, the continuation of the subclavian, commences at the
outer border of the first rib, and terminates at the lower border of the tendon of
the Teres major muscle, where it takes the name of brachial. Its direction
varies with the position of the limb when the arm lies by the side of the chest,
the vessel forms a gentle curve, the convexity being upwards and outwards
when it is directed at right angles with the trunk, the vessel is nearly straight
:

;

and when it is elevated still higher, the artery describes a curve, the concavity of
which is directed upwards. At its commencement the artery is very deeply
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situated, but near its termination is superficial, being covered only

and

by

.the fekin

The

description of the relations of this vessel is facilitated by its
division into three portions
the first portion being that above the Pectoralis
minor the second portion, behind and the third below, that muscle.
fascia.

:

;

;

The

first

portion of the axillary artery

is

in relation, in front, with the clavi-

membrane, the external
and the acromio-thoracic and cephalic veins behind,

cular portion of the Pectoralis major, the eosto-coracoid
anterior thoracic nerve,

with the

first

;

intercostal space, the corresponding Intercostal muscle, the second

and a portion

of the third

plexus, from which

it is

magnus, and the posterior

serration of the Serratus

thoracic and internal anterior thoracic nerves

separated by a

on

;

little

outer side, with th§ brachial

its

cellular, interval

;

on

its inner,

or

thoracic side, with the axillary vein.

Eelatioxs of the Fiest Portion of the Axillaby Arteey
In front.
Pectoralis major.

Costo-coracoid membrane.
External anterior thoracic nerve.
Acromio-thoracic and CephaKc veins.

Outer
Brachial

side.

/

plexiis.

I

Axillary

\

First Portion.

/

Inner

side.

Axillary vein.

Behind.
First intercostal space, and Intercostal muscle.
Second and third serrations of Serratus magnus.
Posterior thoracic and internal anterior tlioracic nerves.

The second

portion of the axillary artery lies behind the Pectoralis minor.
by the Pectoralis major and minor muscles behind, it is

It is covered, in front,

;

separated from the Subscapularis by a cellular interval on the inner side is the
axillary vein, separated from the artery by the inner cord of the plexus and the
internal anterior thoracic nerve.
The brachial plexus of nerves surrounds the
artery, and separates it from direct contact with the vein and adjacent muscles.
;

Eelations of the Second Portion of the Axillary Artery
In front.
Pectoralis major and minor.

Outer

/

side.

Outer cord of plexus.
[

\
\rt'er?'

Inner
I

side.

Axillary vein.
Inner cord of plexus.
Internal anterior thoracic nerve.

Behind.
Subscapularis.
Posterior cord of plexus.

The
is

third portion of the axillary artery lies below the Pectoralis minor.
It
with the lower part of the Pectoralis major above, being

in relation, in front,

covered only by the integument and fascia below, where it is crossed by the inner
head of the median nerve behind, with the lower part of the Subscapularis, and
the tendons of the Latissimus dorsi and Teres major on its outer side, with the
;

;
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The
Coraco-brachialis on its inner, or thoracic side, with the axillary vein.
nerves of the brachial plexus bear the following relation to the artery in this
part of its course on the outer side is the median nerve, and the musculocutaneous for a short distance on the inner side, the ulnar, the internal, and
and behind, the musculo-spiral and circumlesser internal cutaneous nerves
flex, the latter extending only to the lower border of the Subscapularis muscle.
;

:

;

;

Eelations of the Third Portion op the Axillary Artery
In front.
Integument and

fascia.

Pectoralis major.
Inner head of median nerve.

Outer

/

side.

Inner

\

Coraco-bracliialis.

Artery!'

Median nerve.

Third Portion,

I

\

Miiseulo-cutaneovTS nerve.

side.

Ulnar nerve.
j

/

Intei'nal cutaneous nerves.

Axillary veins.

Behind.
Subscapularis.

Tendons

of

Latissimus dorsi and Teres major.

Musculo-spiral, and circumflex nerves.

—

Peculiarities.
The axillary artery, in about one case out of every ten, gives off a large
branch, which forms either one of the arteries of the forearm, or a large muscular trunk.
In the first set of cases, this artery is most frequently the radial (l in t^^), sometimes the
ulnar (i in 72), and, very rarely, the interosseous (i in 506). In the second set of cases,
the trunk has been found to give origin to the subscapular, circumflex, and profunda
Sometiixies, only one of the circumflex, or one of the profunda
arteries of the arm.
arteries, arose from the trunk.
In these cases the brachial plexus surrounded the trunk
of the branches, and not the main vessel.
Surface MarMng. The course of the axillary artery may be marked out by raising
the arm to a right angle and drawing a line from the middle of the clavicle to the point
where the tendon of the Pectoralis major crosses the prominence caused by the Coracobrachialis as it emerges fi^om under cover of the anterior fold of the axilla.
The third
portion of the arterj^ can be felt pulsating beneath the skin and fascia, at the junction of
the anterior with the middle third of the space between the anterior and posterior folds
of the axilla, close to the inner border of the Coraco-brachialis.
Surgical Anatomy. The student, having carefully examined the relations of the
axillary artery in its various parts, should now consider in what situation compression of
this vessel may be inost easily effected, and the best position for the application of a
ligature to it when necessary.
Compression of the vessel may be required in the removal of tumours, or in amputation of the upper part of the arm
and the only situation in which this can be effectually
ixiade is in the lower part of its course
by pressing on it in this situation from within
outwards against the humerus, the chculation may be effectually arrested.
The axillary artery is perhaps more frequently lacerated than any other artery in the
body, with the exce]Dtion of the popliteal, by violent movements of the upper extremity,
especially in those cases where its coats are diseased.
It has occasionally been ruptured
in attempts to reduce old dislocations of the shoulder -joint.
This lesion is most likely
to occiu- during the preliminary breaking down of adhesions, in consequence of the
artery having contracted adhesions to the capsule of the joint. Aneurism of the axillary
artery is of frequent occurrence a large percentage of the cases being traumatic in their
origin, due to the violence to which it is exposed in the varied, extensive, and often violent

—

—

;

;

:

movement of the limb.
The application of a

ligature to the axillary artery may be required in cases of
aneurism of the upper part of the brachial, or as a distal operation for aneurism of the
subclavian and there are only two situations in which it can be secured, viz. in the first
and in the third parts of its course for the axillary artery at its central part is so deeply
seated, and, at the same time, so closely surrounded with large nervous trunks, that the
application of a ligature to it in that situation would be almost impracticable.
In the third p)art of its course the operation is most simple, and may be performed
in the following manner
The patient being placed on a bed, and the arm separated from
the side, with the hand supinated, an incision is made through the integument forming
the floor of the axilla, about two inches in length, a little nearer to the anterior than the
;

;

:

—

— —
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After carefully dissecting througli the areolar tissue and
median nerve and axillary vein are exposed the former having been displaced
the onter, and the latter to the inner side of the arm, the elbow being at the same

posterior fold of the axilla.
fascia, the

to

;

time bent, so as to relax the structures and facilitate their separation, the ligature may
be passed round the artery from the ulnar to the radial side. This portion of the artery
is occasionally crossed by a muscular slip derived fi'om the Latissimus dorsi, which may
mislead the surgeon during an operation. The occasional existence of this muscular
fasciculus was spoken of in the description of the muscles.
It may easily be recognised

by the transverse direction of its fibres.
The first portion of the axillary arterj' may be tied in cases of aneurism encroaching
so far upwards that a ligatiu'e cannot be applied in the lower part of its course.
Notwithstanding that this operation has been performed in some few cases, and with success, its
performance is attended with much difficulty and danger. The student wiJl remark that,
in this situation, it would be necessary to divide a thick muscle, and, after incising the
costo-coracoid membrane, the artery would be exposed at the bottom of a more or less
deep space, with the cephalic and axillary veins in such relation with it as must render
the application of a ligature to this part of the vessel particularly hazardous.
Under such
circumstances it is an easier, and, at the same time, more advisable operation, to tie the
subclavian artery in the third part of its coiu-se.
The vessel can be best secured by a curved incision with the convexity downwards
from a point half an inch external to the Sterno-clavicular jouit to a pomt half an inch
internal to the coracoid process.
The limb is to be well abducted and the head inclined
to the opposite side, and the incision carried through the superficial structures, care being
taken of the cephalic vein at the outer angle of the incision. The clavicular origin of the
Pectoralis major is then divided in the whole extent of the womid.
The arm is now to be
brought to the side, and the upper edge of the Pectoralis minor defined and drawn downwards. The costo-coracoid membrane is to be carefully divided on a director, close
to the coracoid process, and the axillary sheath exposed
this is to be opened with especial
care on accomit of the vein overlapping the artery.
The needle should be passed from
below, so as to avoid wounding the vein.
In a case of woimd of the vessel, the general practice of cutting down upon, and tying
it above and below the wounded point, should be adopted in all cases.
Collateral Circulation after Ligature of the Axillary Artery. If the artery be tied
above the origin of the acromial thoracic, the collateral circulation will be carried on by
the same branches as after the ligature of the subclavian if at a lower point, between the
acromial thoracic and subscapular arteries, the latter vessel, by its free anastomoses with
the other scapular arteries, branches of the subcla\'ian, will become the chief agent in
carrying on the circulation, to which the long thoracic, if it be below the ligature, will
materially contribute, by its anastomoses with the intercostal and internal mammary
arteries.
If the point included
the ligature be below the origin of the subscapular
artery, it wiU most probably also be below the origms of the two circumflex arteries.
The
chief agents in restoring the circulation will then be the subscapular and the two circumflex
arteries anastomosing with the superior profunda from the brachial, which will be afterwards referred to as performing the same office after ligature of the brachial. The cases
in which the operation has been performed are few in number, and no published account
of dissection of the collateral circulation appears to exist.
;

—

;

m
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Jb

rom

/;

,

of the axillary artery are
,

prst vart

f

<
L

Superior Thoracic.

^
mn
Acromial Thoracic.
.

.

•

,

r

From

-„

From

second7 part^

f
{

L

Lone

Thoracic.
.,
°„i
Alar Thoracic.

Subscapular.

third part s Anterior Circumflex.
L Posterior Circumflex.

The superior thoracic

which

from the axillary sepaEunning forwards and
inwards along the upper border of the PectoraUs minor, it passes between it and the
Pectoralis major to the side of the chest. It supplies these muscles, and the parietes
of the thorax, anastomosing with the internal mammary and intercostal arteries.
The acromial thoracic is a short trunk, which arises from the fore part of the
axillary artery.
Projecting forwards to the upper border of the Pectoralis minor,
it divides into three sets of branches
The
thoracic, acromial, and descending.
thoracic branches, two or three in number, are distributed to the Serratus magnus
and Pectoral muscles, anastomosing with the intercostal branches of the
internal mammary.
The acromial branches are directed outwards towards the
acromion, supplying the Deltoid muscle, and anastomosing, on the surface of'
the acromion, with the suprascapular, and posterior circumflex arteries.
The
rately, or

by a

is

a small artery,

arises

common trunk with the acromial thoracic.
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descending branch passes in the space between the PectoraUs major and Deltoid,
same groove as the cephahc vein, and suppHes both muscles. The artery
also gives off a very small branch, the clavicular, which passes upwards to the

in the

Subclavius muscle.
The long thoracic passes downwards and inwards along the lower border of
the Pectoralis minor to the side of the chest, supplying the Serratus magnus, the
Pectoral muscles, and mammary gland, and sending branches across the axilla
it
anastomoses with the internal
to the axillary glands and Subscapularis
;

mammary and
The

intercostal arteries.

alar thoracic

tissue of the axilla.

is

a small branch,

which supplies the glands and areolar
by branches from some of

Its place is frequently supplied

the other thoracic arteries.
The subscapular, the largest branch of the axillary artery, arises opposite the
lower border of the Subscapularis muscle, and passes downwards and backwards
along its lower margin to the inferior angle of the scapula, where it anastomoses
with the long thoracic and intercostal arteries and with the posterior scapular, a

branch of the transversalis colli, from the thyroid axis of the subclavian. About
an inch and a half from its origin it gives off a large branch, the dorsalis scapulce,
and terminates by supplying branches to the muscles in the neighbourhood.
The dorsalis scapulcB is given off from the subscapular about an inch and a half
from its origin, and is generally larger than the continuation of the vessel. It curves
round the axillary border of the scapula, leaving the axilla through the space
between the Teres minor above, the Teres major below, and the long head of the
Triceps externally

(fig.

400),

and enters the infraspinous

fossa,

where

it

anas-

tomoses with the posterior scapular and suprascapular arteries. In its course it
one enters the subscapular fossa beneath the
gives off two sets of branches
Subscapularis, which it su.pplies, anastomosing with the posterior scapular and
suprascapular arteries the other is continued along the axillary border of the
scapula, between the Teres major and minor, and, at the dorsal surface of the
In addition
inferior angle of the bone, anastomoses with the posterior scapular.
to these, small branches are distributed to the back part of the Deltoid muscle
and the long head of the Triceps, anastomosing with an ascending branch of the
superior profunda of the brachial.
The circumflex arteries wind round the neck of the humerus. The posterior
circumflex (fig. 400), the larger of the two, arises from the back part of the axillary opposite the lower border of the Subscapularis muscle, and, passing backwards with the circumflex veins and nerve through the quadrangular space
bounded by the Teres major and minor, the scapular head of the Triceps and
the humerus, winds round the neck of that bone and is distributed to the Deltoid
muscle and shoulder-joint, anastomosing with the anterior circumflex, and
acromial thoracic arteries, and with the superior profunda branch of the brachial
artery.
The anterior circumflex (figs. 400, 402), considerably smaller than the
preceding, arises just below that vessel, from the outer side of the axillary artery.
It passes horizontally outwards, beneath the Coraco-brachialis and short head of
the Biceps, lying upon the fore part of the neck of the humerus, and, on reaching
the bicipital groove, gives off an ascending branch which passes upwards along
the groove to supply the head of the bone and the shoulder- joint.
The trunk of
the vessel is then continued outwards beneath the Deltoid, which it supplies,
and anastomoses with the posterior circumflex artery.
:

;

Beachial Aeteey

The Brachial Artery commences

(fig.

403)

lower margin of the tendon of the
the inner and anterior aspect of the arm, termiat the

Teres major, and, passing down
nates about half an inch below the bend of the elbow, where it divides into the
radial and ulnar arteries.
At first the brachial artery Hes internal to the
humerus but as it passes down the arm it gradually gets in front of the bone,
and at the bend of the elbow it lies midway between the two condyles.
;

.
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throughout

superficial

its

entire extent, being

covered, in front, by the integument, the superficial and deep fascia the bicipital
fascia separates it opposite the elbow from the median basilic vein
the median
nerve crosses it at its middle. Behind, it is separated from the inner side of the
;

;

humerus above, by the long and inner heads of the Triceps, the musculo-spiral
nerve and superior profunda artery intervening and from the front of the bone
below, by the insertion of the Coraco-brachialis muscle, and by the Brachialis
anticus.
By its ottter side, it is in relation with the commencement of the
median nerve, and the Coraco-brachialis and Biceps muscles, w^hich slightly
;

overlap the artery. By its inner side, its upper half is in relation with the internal
cutaneous and ulnar nerves, its lower half with the median nerve. The basilic
vein lies on the inner side of the artery, but is separated from it in the lower
It is accompanied by two venae comites,
part of the arm by the deep fascia.
which lie in close contact with the artery, being connected together at intervals

by short transverse communicating branches.

Plan of the Eelations of the Beachial Aetery
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Coraco-brachialis.
Brachiahs anticus.

Anatomy of the Bend of the Elbow
x\t

the bend of the elbow the brachial artery sinks deeply into a triangular
base of which is directed upwards towards the humerus, and the

interval, the

of which are bounded, externally, by the Supinator longus
interby the Pronator radii teres its floor is formed by the Brachialis anticus
and Supinator brevis. This space contains the brachial artery, with its accompanying veins the radial and ulnar arteries the median and musculo-spiral
nerves and the tendon of the Biceps. The brachial artery occupies the middle
line of this space, and divides opposite the neck of the radius into the radial and
ulnar arteries; it is covered, in front, by the integument, the superficial fascia,
and the median basilic vein, the vein being separated from direct contact w^th
Behind, it lies on the Brachialis anticus, which
the artery by the bicipital fascia.
The median nerve lies on the inner side of
separates it from the elbow- joint.
the artery, close to it above but separated from it below by the coronoid origin
The tendon of the Biceps lies to the outer side of the
of the Pronator radii teres.
space, and the musculo-spiral nerve still more externally, lying upon the Supinator brevis, and partly concealed by the Supinator longus.

sides

;

nally,

;

;

;

;

;

•

—

Pecu Ha rities of the Brachial Artery as regards its Course. The brachial artery, accompanied by tlie median nerve, may leave the inner border of the Biceps, and descend towards
the inner condyle of the humerxTS, wliere it usually curves roxmd a prominence of bone, to
which it is connected by a fibrous band it then inclines outwards, beneath or through the
substance of tlie Pronator radii teres muscle, to tlie bend of the elbow. The A^ariation bears
considerable analogy with the normal condition of the artery in some of the carnivora it
has been referred to, above, in the description of the humerus (page 234).
;

:
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As regards its Division. Occasionally, the artery is divided for a short distance at its
upper part into two trunks, which are united above and below. A similar peculiarity
occurs in the main vessel of the lower limb.
The point of bifurcation may be above or below the usual point, the former condition
being by far the more frequent. Out of 481 examinations recorded by Mr. Quain, some
386 the artery bifurcated in
made on the right, and some on the left side of the body,
In one case only was the place of division lower than usual, being
its normal position.
two or three inches below the elbowIn 94 cases out of 48 1 or about
joint.
one in 5-J, there were two arteries inFig. 403. The brachial artery.
stead of one in some part, or in the
whole of the arm.'
There appears, however, to be no
correspondence between the arteries of
the two arms, with respect to their

m
'

,

—

irregular

bodies

it

division

;

for

in

sixty-one

occurred on one side only in

forty-three ; on both sides, in different
on both sides, in
positions, in thirteen
the same position, in five.
The point of bifurcation takes place
;

at different

j)arts

of the

arm, being

most frequent in the upper part, less
so in the lower part, and least so in the
middle, the most usual point for the
application of a ligature under any of
these circumstances, two large arteries
would be found in the arm instead of
one. The most frequent (in tliree out
;

Musculo.jnial nerve

of fomr) of these

peculiarities is

the

high division of the radial. That artery
often arises from the inner side of the
brachial, and runs parallel with the
main trunk to the elbow, where it
crosses it, lying beneath the fascia ; or
it may perforate the fascia, and pass

over the artery immediately beneath
the integument.

The ulnar sometimes

inastoviotica

arises

from

the brachial high wp, and then occasionally leaves that vessel at the lower part
of the arm, and descends towards the
inner condyle.
In the forearm it
generally lies beneath the deep fascia,
superficial to the flexor muscles occasionally between the uategument and
deep fascia, and very rarely beneath
the flexor muscles.
The interosseous artery sometimes
arises from the upper part of the brachial
or axillary as it passes down the arm,
it lies behind the main trunk, and at
the bend of the elbow regains its usual
;

magna

:

position.

In some cases of high division of
the radial, the remaining trunk (ulnarinterosseous) occasionally passes, together with the median nerve, along
the inner margin of the arm to the
inner condyle, and then passing from
within outwards, beneath or through the Pronator radii teres, regains its usual position at
the bend of the elbow.
Occasionally, the two arteries representing the brachial are connected at the bend of
the elbow by a short transverse branch, and are even sometimes reunited.
Sometimes, long slender vessels, vasa aherrantia, connect the brachial or axillary
arteries with one of the arteries of the forearm, or a branch from them.
These vessels
usually join the radial.
Varieties in Mtisculdr Belations*
The brachial artery is occasionally concealed, in
some part of its course, by muscular or tendinous slips derived from the Coraco-brachialis,
Biceps, Brachialis anticus, and Pronator radii teres muscles.

—

*

See Struthers's Anatomical and Physiological Observations

—

—
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Surface Marhing. The direction of the braclaial artery is raarked by a line drawn
along the inner edge of the Biceps from the insertion of the Tei'es major muscle to the
point midway between the condyles of the humerus.
Surgical Anatomy. Compression of the brachial artery is required in cases of amputation and some other operations in the arm and forearm and it will be observed that it
may be effected in almost any part of the com^se of the artery. If pressure is made in the
upper part of the limb, it should be directed from within outwards and if in the lower
part, from before backwards, as the artery lies on the inner side of the humerus above,
and in front of it below. The most favourable situation is about the middle of the arm,
where it lies on the tendon of the Coraco-brachialis on the inner flat side of the humerus.
The application of a ligature to the brachial arterj' may be required in cases of wound
of the vessel, and' in some cases of wound of the palmar arch.
It is also sometimes
necessary in cases of aneurism of the brachial, the radial, ulnar, or interosseous arteries.
The artery may be secured in any part of its coiu-se. The chief guides in determining its
position are the surface-markings produced by the inner margin of the Coraco-brachialis
and Biceps, the known course of the vessel, and its pulsation, which should be carefully
felt for before any operation is performed, as the vessel occasionally deviates from its usual
position in the arm.
In whatever situation the operation is performed, great care is
necessary, on account of the extreme thinness of the parts covering the artery, and the
intimate connection which the vessel has throughout its whole course with important
nerves and veins. Sometimes a thin layer of muscular fibre is met with concealing the
artery if such is the case, it must be cut across in order to expose the vessel.
In the upper third of the arm the artery may be exposed in the following mamier
The patient being placed supine upon a table, the affected Hmb should be raised from
the side, and the hand supinated. An incision about two inches in length should be made on
the inner side of the Coraco-brachialis muscle, and the subjacent fascia cautiously divided,
so as to avoid wounding the internal cutaneous nerve or basilic vein, which sometimes
runs on the surface of the artery as high as the axilla. The fascia having been divided, it
should be remembered that the ulnar and internal cutaneous nerves lie on the inner side
of the artery, the median on the outer side, the latter nerve being occasionally superficial
to the arterj^ in this situation, and that the venae comites are also in relation with the
These being carefully separated, the aneurism needle should
vessel, one on either side.
be passed round the artery from the inner to the outer side.
If two arteries are present in the arm, in consequence of a high division, they are
usually placed side by side and if they are exposed in an operation, the surgeon should
endeavour to ascertain, by alternately pressing on each vessel, which of the two communicates with the woTlnd or aneurism, when a ligature may be applied accordingly or if
pulsation or haemorrhage ceases onlj^ when both vessels are compressed, both vessels may
be tied, as it laiay be concluded that the two communicate above the seat of disease, or are

—

;

;

;

:

;

;

reunited.
It should also be remembered that two arteries may be present in the arm in a case
of high division, and that one of these may be fovmd along the inner intermuscular septum,
in a line towards the inner condyle of the humerus
or in the usual position of the brachial,
but deeply placed beneath the common trunk a knowledge of these facts will suggest
the precautions necessary in every case, and indicate the measures to be adopted when
anomalies are met with.
In the middle of the arm the brachial artery may be exposed by making an incision
along the inner margin of the Biceps muscle. The forearm being bent so as to relax
the muscle, it should be drawn slightly aside, and, the fascia being carefully divided,
this being
the median nerve will be exposed lying upon the artery (sometimes beneath)
;

;

;

drawn inwards and the muscle outwards, the arterj' should be separated from its accompanying veins and secured. In this situation the inferior profunda may be mistaken for
the main trunk, especially if enlarged, from the collateral circulation having become
established this maj' be avoided by directing the incision externally towards the Biceps,
rather than inwards or backwards towards the Triceps.
The loiver ^joj-^ of the brachial artery is of interest in a surgical point of view,
on account of the relation which it bears to the veins most commonly opened in venesection.
Of these vessels, the median basihc is the largest and most prominent, and,
consequently, the one usually selected for the operation. It should be remembered, that
this vein runs parallel with the brachial artery, fi'om which it is separated by the bicipital
fascia, and that care should be taken, in opening the vein, not to carry the incision too
;

deeply, so as to endanger the artery.
Collateral Circulation. After the apphcation of a ligature to the brachial artery in the
upper third of the arm, the circulation is carried on by branches from the circumflex and
subscapular arteries, anastomosing with ascending branches from the superior profunda.
If the brachial is tied below the origin of the profunda arteries, the circulation is maintained by the branches of the profundae, anastomosing with the recurrent radial, ulnar,
and interosseous arteries. In two cases described by Mr. South,* in which the brachial

—

* Chelius's Surgery, vol. ii. p. 254. See also "White's engi'aving, referred to by Mr. South,
of the anastomosing branches after ligature of the brachial, in White's Cases in Surgery.
Porta also gives a case (with drawings') of the circulation after ligature of both brachial
and radial. Alterazioni Patologiche delle Arterie.
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in one a long portion of the artery had been
descending on either side from above tlie obliteration,
In the other
to be received into others which ascend in a similar mamier from below it.
the obliteration is less extensive, and a single curved artery about as big as a crow-quill
passes from the upper to the lower open part of the artery.'

artery

had been
and

obliterated,

tied

some time previously

'

:

sets of vessels are

The branches yf the brachial artery

are, the

Inferior Profunda.
Anastomotica Magna.

Superior Profunda.
Nutrient.

'

'

-

Muscular.
arises from the inner and back part of the brachial,
below the lower border of the Teres major, and passes backwards to the
interval between 4;he outer and inner heads of the Triceps muscle, accompanied
by the musculo-apiral nerve it winds round the back pa-rt of the shaft of the
humerus in th^ spiral groove, between the Triceps and the bone, to the outer
side of the hm^^erus, just above the external condyle^ wher^i^it divides into two
terminal branches. Qneof these pierces the external intermuscular septum, and
descends to the space between the Brachialis ajaticus and Supinator longus,
where it anasto^poses with' the recurrent branch of the radial artery while the
other, the ijost'er^pr jtrticular^ .descends along the back of the external intermuscular septum' to t^e back of the elbow-joint, .where it anastomoses with the
posterior interosseous recurrent, and across the back of the humerus with the
posterior ulnar recurrent, the anastomotica magna, and inferior profunda (fig. 406).
The superior profunda supplies the Triceps nitiscl-e and gives off a nutrient
artery which enters the bone at the upper endof.fhe musculo-spiral groove.
Near its commencement it sends off a branch which passes upwards between
the external and long heads of the Triceps muscle, to anastomose with the
and, while in the groove, a small branch which
posterior circumflex artery
accompanies 'a branch of the musculo-spiral ner.y-e through the substance of the
Triceps muafcle and ends in the Anconeus below the outer condyle of the
humerus.
The nutrient artery of the shaft of the humerus arises from the brachial,
about the middle of the arm. Passing downwards, it enters the nutrient canal

The superior profunda

just

;

;

;

'

'^

•

.^,

of that bone,

The

near the insertion of the Coraco-brachialis muscle.

inferior profunda, of small size, arises

arm

from the brachial, a

little

below

piercing the internal intermuscular septum, it descends
on the surface of the inner head of the Triceps muscle, to the space between the
inner condyle and olecranon, accompanied by the ulnar nerve, and terminates
the middle of the

;

by anastomosing with the posterior ulnar recurrent and anastomotica magna.
It also supplies a branch to the front of the internal condyle, which anastomoses
with the anterior ulnar recurrent.
The anastomotica magna arises from the brachial, about two inches above the
elbow- joint. It passes transversely inwards upon the Brachialis anticus, and
piercing the internal intermuscular septum, winds round the back part of the
humerus between the Triceps and the bone, forming an arch above the olecranon
fossa, by its junction with the posterior articular branch of the superior profunda.
As this vessel lies on the Brachialis anticus, branches ascend to join the inferior
profunda and others descend in front of the inner condyle, to anastomose with
the anterior ulnar recurrent. Behind the internal condyle an offset is given off
which anastomoses with the inferior profunda and posterior ulnar recurrent
;

and supplies the Triceps.
The muscular are three or four

arteries

large branches, which are distributed to the
muscles in the course of the artery. They supply the Coraco-brachiahs, Biceps,
and Brachialis anticus muscles.
The Anastomosis around the Elbow-joint (fig. 406).— The vessels engaged in
this anastomosis may be conveniently divided into those situated in front and
behind the internal and external condyles. The branches anastomosing in front
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The anastomotica magna, the anterior ulnar
condyle are
Those
recurrent, and the anterior terminal branch of the inferior profunda.
the

of

internal

the

behind
are

:

:

internal

condyle

— The anastomotica magna.

Fig.

404.— The

radial

and ulnar

arteries,

the posterior tilnar recurrent,
and the posterior terminal

branch of the inferior profunda.
The branches anastomosing in
front of the external condyle
The radial recurrent and
are
one of the terminal branches of
:

—

Those

the superior profunda.

external condyle
more properly de-

the

heliind

(perhaps
scribed as

being situated be-

tween the external condyle and

Eadial
recurrent

—

The anastomotica magna, the interosseous recurrent, and one of the
terminal branches of the superior
profunda. There is also a large
arch of anastomosis above the
olecranon, formed by the interosseous recurrent joining with
the anastomotica magna and posterior ulnar recurrent (fig. 406).
the olecranon) are

From

:

this description

be observed

that

the

it

will

anasto-

motica magna is the vessel most
engaged, the only part of the
anastomosis in which it is not
employed being that in front of
the external condyle.

Eadial Artery

(fig.

404)

The Radial Artery appears,
from

its

direction, to be the con-

tinuation of the brachial, but,

smaller than the
at the
bifurcation of the brachial, just

in

size, it

ulnar.

It

is

commences

Su]perficialis
voT.ce

below the bend of the elbow,
and passes along the radial side
of the forearm to the wrist
it
then winds backwards, round
;

the outer side

of

the

carpus,

beneath the extensor tendons of

thumb

to the upper end of
space between the metacarpal bones of the thumb and
index finger, and, finally, passes
forwards between the two heads
of the First dorsal interosseous
muscle, into the palm of the
hand, where it crosses the metacarpal bones to the ulnar border of the hand, to form the deep palmar arch.
At its termination, it inosculates with the deep branch of the ulnar artery.
The

the
the

RE
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may thus be conveniently divided into three parts, viz. in
the forearm, at the back of the wrist, and in the hand.
In the forearm, this vessel extends from opposite the neck of the
Relations.
radius, to the fore part of the styloid process, being placed to the inner side of
the shaft of the bone above, and in front of it below. It is overlapped in the
upper part of its course by the fleshy belly of the Supinator longus muscle
throughout the rest of its course it is superficial, being covered by the integument, the superficial and deep fasciae. In its course downwards, it Hes upon the

relations of this vessel

;

Supinator brevis, the Pronator radii teres, the radial
sublimis
digitorum, the Flexor longus pollicis, the Pronator
Flexor
origin of the
quadratus, and the lower extremity of the radius. In the upper third of its
in its
course, it lies between the Supinator longus and the Pronator radii teres
Flexor
and
the
longus
Supinator
of
the
the
tendons
between
two-thirds,
lower
The radial nerve lies along the outer side of the artery in the
carpi radiahs.
middle third of its course and some filaments of the musculo-cutaneous nerve,
after piercing the deep fascia, run along the lower part of the artery as it winds
round the wrist. The vessel is accompanied by venae comites throughout its

tendon

of the Biceps, the

;

;

whole course.
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At the wrist, as it winds round the outer side of the carpus, from the styloid
process to the first interosseous space, it lies upon the external lateral ligament,
and then upon the scaphoid bone and trapezium, being covered by the extensor
tendons of the thumb, subcutaneous veins, some filaments of the radial nerve,
and the integument. It is accompanied by two veins, and a filament of the
musculo-cutaneous nerve.
In the hand, it passes from the upper end of the first interosseous space,
between the heads of the Abductor indicis or First dorsal interosseous muscle,
transversely across the palm, to the base of the metacarpal bone of the little
finger, where it inosculates with the communicating branch from the ulnar
artery, forming the deep palmar arch.
It lies upon the carpal extremities of the
metacarpal bones and the Interossei muscles, being covered by the Adductor
obliquus pollicis, the flexor tendons of the fingers, the Lumbricales, the Opponens
and Flexor brevis minimi digiti. Alongside of it is the deep branch of the ulnar
nerve, but running in the opposite direction, that is to say, from within outwards.

—

Peculiarities.
The origin of the radial artery, according to Quain, is, in nearly one
case in eight, higher than usual
more frequently arising from the axillary or upper part
of the brachial, than from the lower part of this vessel.
The variations in the position of
this vessel in the arm, and at the bend of the elbow, have been already mentioned.
In the
forearm it deviates less frequently from its position than the ulnar. It has been fomid
;
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It has also been observed on the surface of the
lying over the fascia instead of beneath it.
Supinator longus, instead of under its inner border and in tmniing roiuad the wrist, it has
been seen lying over, instead of beneath, the extensor tendons.
Surface Marliing. The position of the radial artery in the forearm is represented by
a line drawn from the outer border of the tendon of the Biceps in the centre of the hollow
in front of the elbow-joint with a straight course to the inner side of the fore part of the
styloid process of the radius.
Surgical Anatomy. The radial artery is much exposed to injury in its lower third,
and is frequently wounded by the hand being driven through a pane of glass, by the
slipping of a knife or chisel held in the other hand, and such-like accidents.
The injury
is often followed by a traumatic aneurism, for which the old operation of laying open the
sac and securing the vessel above and below is required.
The operation of tying the radial artery is required in cases of wounds either of its trunk,
and it will be observed, that the vessel may
or of some of its branches, or for aneurism
be exposed in any part of its course through the forearm without the division of any
muscular fibres. The operation in the ixiiddle or inferior third of the forearm is easily
performed but in the upper third, near the elbow, it is attended with some difficulty,
from the greater depth of the vessel, and from its being overlapped by the Supinator longus
;

—

—

:

;

muscle.

To tie the artery in the upper third, an incision three inches in length should be made
through the integument, in a line drawn from the centre of the bend of the elbow to the
front of the styloid process of the radius, avoiding the branches of the median vein
the
fascia of the arm being divided, and the Supinator longus drawn a little outwards, the
artery will be exposed. The venae comites should be carefully separated from the vessel,
and the ligature passed from the radial to the ulnar side.
In the middle third of the forearm the artery may be exposed by making an incision
In this situation, the
of similar length on the inner margin of the Supinator longus.
radial nerve lies in close relation with the outer side of the artery, and should, as well as
the veins, be carefully avoided.
In the lower third, the artery is easily secured by dividing the integument and fascia
in the interval between the tendons of the Supinator longus and Flexor carpi radialis
;

muscles.

The branches of the radial artery may be divided into three groups, corresponding with the three regions in wliich the vessel is situated.
In

Wrist.

the forearm.

Radial Recurrent.
Muscular.
Anterior Carpal.
Superficialis Volge.

Haiicl.

Posterior Carpal.

Princeps

Metacarpal.
Dorsales Pollicis.
Dorsalis Indicis.

Radialis Indicis.

Pollicis.

Perforating.

Interosseous.

Palmar Recurrent.

The radial recurrent is given off immediately below the elbow. It ascends
between the branches of the musculo-spiral nerve lying on the Supinator brevis,
and then between the Supinator longus and Brachialis anticus, supplying these
muscles and the elbow-joint, and anastomosing with one of the terminal branches
of the superior

profunda.

The muscular branches

are distributed to the muscles on the radial side of

the forearm.

The anterior carpal is a small vessel which arises from the radial artery near
the lower border of the Pronator quadratus, and, running inwards in front of the
In this
radius, anastomoses with the anterior carpal branch of the ulnar artery.

way an

arterial anastomosis, anterior carpal arch, is formed in front of the wrist
joined by branches from the anterior interosseous above, and by recurrent
branches from the deep carpal arch below, and gives off branches whicli descend
to supply the articulations of the wrist and carpus.
:

it is

The superficialis volae arises from the radial artery, just where this vessel is
about to wind round the wrist.
Running forwards, it passes between the
muscles of the thumb, which it supplies, and sometimes anastomoses with the
palmar portion of the ulnar artery, completing the superficial palmar arch. This
vessel varies considerably in size
usually it is very small, and terminates in
the muscles of he thumb
sometimes it is as large as the continuation of the
:

;

radial.

The

posterior carpal

is

a small vessel which arises from the radial artery

R E

2

AETEEIES

6l2

beneath the extensor tendons of the thumb crossing the carpus transversely to
the inner border of the hand, it anastomoses with the posterior carpal branch
of the ulnar, forming the posterior carpal arch, which is joined by the termination
From this arch are given off descending
of the posterior interosseous artery.
branches, the dorsal interosseous
;

\

Fig. 405.

— Ulnar and radial

arteries.

Deep view.

Anastomotica
viagna

arteries for the third and fourth
interosseous spaces, which run
forwards on the Third and
Fourth dorsal interossei mus-

and

cles

divide

dorsal

into

branches which supply

digital

the adjacent sides of the middle,
and little fingers respectively, communicating with the
digital arteries of the superring,

palmar arch.
At their
they anastomose with
the perforating branches from
the deep palmar arch.
ficial

Anterior ulnar
recurrent
r\ Posterior ulnar

recurrent

origin

The metacarpal

dorsal

(first

interosseous branch) arises be-

neath the extensor tendons of
the thumb, sometimes with the
carpal artery
running forwards on the Second
dorsal interosseous muscle, it
communicates, behind, with
the corresponding perforating
branch of the deep palmar
arch and, in front, it divides
posterior

;

;

Muscular

two dorsal digital brandies,
which supply the adjoining
sides of the index and middle
into

inosculating with the

fingers,
digital

branch

of the superficial

palmar arch.
Anterior cai_
Superficialis vo.

Ante)

KT

carpal

Deep hranch of
ulnar

The

dorsales pollicis are two

small vessels which run along
the sides of the dorsal aspect
of the thumb. They arise separately,

or

common

of the first

The

by a

occasionally

trunk, near the base

metacarpal bone.

dorsalis indicis, also a

small branch, runs along the
radial side of the back of the

index finger, sending a iew
branches to the Abductor indicis.

The princeps

pollicis arises

from the radial just as it turns inwards to the deep part of the hand it descends between the Abductor indicis and Adductor obliquus pollicis, then between
the Adductor transversus pollicis and Adductor obhquus polhcis, along the ulnar
side of the metacarpal bone of the thumb, to the base of the first phalanx
where it divides into two branches, which run along the sides of the palmar
aspect of the thumb, and form an arch on the under surface of the last phalanx,
from which branches are distributed to the integument and pulp of the thumb.
;
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The radialis indicis arises close to the preceding, descends between the
Abductor indicis and Adductor transversus poUicis, and runs along the radial
side of the index finger to its extremity, where it anastomoses w^ith the collateral
At the lower border of the
digital artery from the superficial palmar arch.
Adductor transversus pollicis, this vessel anastomoses with the princeps pollicis,
and gives a communicating branch to the superficial palmar arch.
The perforating arteries, three in number, pass backwards between the heads
of the last three Dorsal interossei muscles, to inosculate with the dorsal interosseous arteries.

The palmar interosseous, three or four in number, are branches of the deep
palmar arch they run forwards upon the Interossei muscles, and anastomose
at the clefts of the fingers with the digital branches of the superficial arch.
The palmar recurrent branches arise from the concavity of the deep palmar
;

arch.
They pass upwards in front of the wrist, supplying the carpal articulations
and anastomosing with the anterior carpal arch.

Ulnar Artery
The Ulnar Artery, the larger of the two terminal branches of the brachial,
commences a little below^ the bend of the elbow, and crosses obliquely the inner
it then runs along
side of the forearm, to the commencement of its lower half
;

ulnar border to the wrist, crosses the annular ligament on the radial side of
the pisiform bone, and immediately beyond this bone divides into two branches,
which enter into the formation of the superficial and deep palmar arches.
Relations in the Forearm. In its upper half, it is deeply seated, being
covered by all the superficial flexor muscles, excepting the Flexor carpi ulnaris
it is crossed by the median nerve, which lies to its inner side for about an inch,
and it lies upon the Brachialis anticus and Plexor profundus digitorum muscles.
In the loioer half of the forearm, it lies upon the Flexor profundus, being
covered by the integument, the superficial and deep fasciae, and is placed
between the Flexor carpi ulnaris and Flexor sublimis digitorum muscles. It is
accompanied by two venae comites the ulnar nerve lies on its inner side for the
lower two-thirds of its extent, and a small branch from the nerve descends on
the lower part of the vessel to the palm of the hand.
its

—

;

;

Plan of Eelations of the Ulnar Artery

the Forearm

in

In front.
Superficial layer of flexor muscles.

Median nerve.
Superficial and deep

Inner

side.

Flexor carpi ulnaris.
Ulnar nerve (lower two-thirds).

jj

-i

)

p

half.

Outer

\
in Forearm.

,

^^

Lower

fasciae.

/
[

1

/

side.

Flexor sublimis digitorum.

Behind.
Brachialis anticus.
Flexor profundus digitorum.

At the wrist (fig. 404) the ulnar artery is covered by the integument and
and lies upon the anterior annular ligament. On its inner side is the
pisiform bone.
The ulnar nerve lies at the inner side, and somewhat behind the
fascia,

artery.

—

Peculiarities.
The ulnar artery has been found to vary in its origin nearly in the
proportion of one in thirteen cases, in one case arising lower than usual, about two or three
inches below the elbow, and in all other cases much higher, the brachial being a more
frequent source of origin tlaan the axillary.

—

;
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Variations in the position of this vessel are more frequent than in the radial. When
When it arises higli up,
origin is normal, the course of the vessel is rarely changed.
muscles in the forearm, lying commonly
it is almost invariably superficial to the flexor
beneath the fascia, niore rarely between the fascia and integument. In a few cases, its
position was subcutaneous in the upper part of the forearm, subaponeurotic in the lower
its

part.

^On

account of the curved direction of the ulnar artery, the line on
Srirface Marking.
the surface of the body which indicates its course is somewhat complicated. First, draw
a line from the front of the internal condyle of the humerus to the radial side of the
pisiform bone the lower two-thirds of this hne represents the course of the middle and
lower third of the ulnar artery. Secondly, draw a line from the centre of the hollow in
front of the elbow-joint to the junction of the upper and middle third of the first line
this represents the course of the upper third of the artery.
Surgical Anatomy. The application of a ligature to this vessel is required in cases of
wound of the artery, or of its branches, or in consequence of aneurism. In the upper half
of the forearm, the' artery is deeply seated beneath the superficial flexor muscles, and the
;

;

—

An incision is
is attended with some difficulty.
in the course of a line drawn from the front of the internal condyle of the
humerus to the outer side of the pisiform bone, so that the centre of the incision is three
The skin and superficial fascia having been
fingers' breadth below the internal condyle.
divided, and the deep fascia exposed, the wliite line which separates the Flexor carpi
ulnaris from the other flexor muscles is to be sought for, and the fascia incised in this line.
appHcation of a ligature in this situation

made

to be

The Flexor carpi ulnaris is now to be carefully separated from the other muscles, when
Some little distance below the
the uhiar nerve will be exposed and must be drawn aside.
nerve, the artery will be found accompanied by its venae comites, and rnay be ligatured by
passing the needle from within outwards. In the middle and lower third of the forearm,
this vessel may be easil.y secured by making an incision on the radial side of the tendon of
the Flexor carpi ulnaris the deep fascia being divided, and the Flexor carpi ulnaris and
its companion muscle, the Flexor sublimis, being separated from each other, the vessel will
be exposed, accompanied by its venae comites, the ulnar nerve lying on its inner side. The
veins being separated from the artery, the ligature should be passed from the ulnar to the
radial side, taking care to avoid the ulnar nerve.
:

The branches

of the

ulnar artery

be arranged in the following groups

:

Anterior Ulnar Eecurrent.
Posterior Ulnar Eecurrent.

,

Forearm.

may

-!

^

interosseous

<

,

l

Anterior Interosseous,
^
-o
t
Posterior
interosseous.
•

j-

^Muscular.
(Anterior Carpal.

Wrist.

(Posterior Carpal.

Hand.

{

i

Deep Palmar or Communicating.
Superficial Palmar Arch.

The

anterior ulnar recurrent (fig. 405) arises immediately below the elbowpasses upwards and inwards between the Brachialis anticus and Pronator
radii tei'es, supplies those muscles, and, in front of the inner condyle, anastomoses with the anastomotica magna and inferior profunda.
The posterior ulnar recurrent is much larger, and arises somewhat lower
than the preceding. It passes backwards and inwards, beneath the Flexor
sublimis, and ascends behind the inner condyle of the humerus.
In the interval
between this process and the olecranon, it lies beneath the Flexor carpi ulnaris,
ascending between the heads of that muscle, in relation with the ulnar nerve
it
supplies the neighbouring muscles and joint, and anastomoses with the
inferior profunda, anastomotica magna, and interosseous recurrent arteries
joint,

(fig.

406).

The

(fig. 405) is a short trunk about an inch in length,
which arises immediately below the tuberosity of the
radius, and, passing backwards to the upper border of the interosseous membrane, divides into two branches, tlie anterior and posterior interosseous.
The anterior interosseous passes down the forearm on the anterior surface of
the interosseous membrane, to which it is connected by a thin aponeurotic arch.
It is accompanied by the interosseous branch of the median nerve, and overlapped by the contiguous margins of the Flexor profundus digitorum and Flexor

and

interosseous artery

of considerable size,

,
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muscular branches, and the
At the upper border of the Pronator
quadratus, a branch descends beneath the muscle, to anastomose in front of the
carpus with the anterior
Fict. 406.— Arteries of the back of the forearm and
The concarpal arch.
nutrient arteries of the radius

off in this situation

and

ulna.

hand.

tinuation of the artery
passes behind the Proand,
quadratus,
nator
piercing the interosseous
membrane, gets to the

back of the forearm, and
anastomoses with the posterior interosseous artery
It then de(fig. 406).
scends to the back of the

wrist to join the posterior

carpal arch.

The

interosseous

gives

Descending branch from
superior profunda

Anastomotica

magna

Posterior ulnar
recurrent

anterior
oft"

a

long, slender branch, the

median artery, which accompanies the median
nerve, and gives offsets to
its
is

sometimes much

larged.

Posterior interosseous

This artery

substance.

en-

also gives off

It

nutrient branches to the

and ulna about the
middle of the forearm.

radius

The

posterior interos-

seous artery passes back-

wards through the interval
between the oblique ligament and the upper border
of the interosseous

mem-

brane. It appears between

the contiguous borders of
the Supinator brevis and

Termination of anterior interosseous

the Extensor ossis metacarpi

and runs

pollicis,

down

the back part of the
forearm,
the
between
superficial
of

and deep layer

muscles,

to

both

of

Posterio7 cat pal
{ulna)

Posterior carpal
radial)

I

which

it

branches.

distributes

Radial

At the lower

part of the forearm

it

Dorsalis 'pollicis
Dorsalis indicis

anas-

tomoses with the termination "of the anterior inter-

osseous
artery.
Then,
continuing its course over
the head of the ulna, it
joins the posterior carpal

branch

of the ulnar artery.

This artery gives

off,

near

its origin,

the interosseous

rectitrent branch.

The interosseous recurrent artery is a large vessel which ascends to the
mterval between the external condyle and olecranon, on or through the fibres of
the Supinator brevis, but beneath the Anconeus, anastomosing with a branch
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from the superior profunda, and with the posterior uhiar recurrent and anastomotica magna.
The muscular branches are distributed to the muscles along the ulnar side of
the forearm.
The anterior carpal is a small vessel which crosses the front of the carpus
beneath the tendons of the Flexor profundus, and inosculates with a corresponding branch of the radial artery.
The posterior carpal arises immediately above the pisiform bone, and winds
backwards beneath the tendon of the Flexor carpi ulnaris it passes across the
;

dorsal surface of the carpus beneath the extensor tendons, anastomosing with a
corresponding branch of the radial artery, and forming the ijosterior carpal arch.
it gives off a small branch, which runs along the
the metacarpal bone of the little finger, forming one of the
metaca7yal arteries, and supplies the ulnar side of the dorsal surface of the little

Immediately

tilnar

side

after its origin,

of

finger.

The branch to the deep palmar arch or communicating branch (fig. 405) passes
deeply inwards between the Abductor minimi digiti and Flexor brevis minimi
it
anastomoses with the termination of the radial
digiti, near their origins
artery, completing the deep palmar arch.
The branch to the superficial palmar arch appears to be the direct continuation of the ulnar artery in the hand it forms the greater part of the
;

;

superficial

palmar arch.

The Superficial Palmae Arch
The Superficial Palmar arch is formed by the ulnar artery in the hand, and
completed on the outer side by this vessel anastomosing with a branch from
the radialis indicis, though sometimes the arch is completed by the ulnar anastomosing with the superfioialis volae branch of the radial artery. The arch passes
across the palm, describing a curve, with its convexity forwards, to the space
between the ball of the thumb and the index finger, where the above mentioned
anastomosis takes place.
Relations.
The superficial palmar arch is covered by the skin, the Palmaris
brevis, and the palmar fascia.
It lies upon the annular ligament, origin of the
muscles of the little finger, the tendons of the superficial flexor of the fingers,
and the divisions of the median and ulnar nerves.

is

—

Plan of Eelations of the Superficial Palmar Arch
In front.
Skin.

Palmaris brevis.
Pahiiar fascia.

Behind.

Annular

liga-ment.
Origin of muscles of little finger.
Superficial flexor tendons.
Divisions of median and ulnar nerves.

The branches of the
The digital branches

superficial
(fig.

palmar arch are the digital.
number, are given o& from the con-

404), four in

vexity of the superficial palmar arch.

They supply

the ulnar side of the httle

;
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and index fingers the
and thumb being supplied from the radial artery.

sides of the httle, ring, middle,

radial side of the index finger

;

The digital arteries at first lie superficial to the flexor tendons, but as they pass
forwards with the digital nerves to the clefts between the fingers, they lie between
them, and are there joined by the interosseous branches from the deep palmar
The digital arteries on the sides of the fingers lie beneath the digital
arch.
nerves and, about the middle of the last phalanx, the two branches for each
finger form an arch, from the convexity of "which branches pass to supply the
pulp of the finger.
;

—

Surface MarMng. The superficial palmar arch is represented by a curved line, starting
from the outer side of the pisiform bone, and carried downwards as far as the middle third
of the palm, and then curved outwards on a level with the upper end of the cleft between
the thumb and index finger.
The deep palmar arch is situated about half an inch nearer to the carpus.
Surgical Anatomy. Wounds of the palmar arches are of special interest, and are
always difficult to deal with. When the wound in the superficial tissues is extensive, it
may be possible to secure the bleeding ends of the vessel; but Avhen there is a small
punctured wound, as from a penknife or piece of glass, pressure systematically applied is

—

probably the best course of treatment, as there is difficulty in reaching the wounded vessel
without damaging important structures. At the same time it must be admitted that
pressui-e applied to the palm of the hand, to arrest haemorrhage from a wound of one of the
palmar arches, especially the deep arch, is apt to be followed by sloughing, owing to the
rigidity of the parts and the facility with which a considerable amount of pressure can be
applied.
In wounds of the deep palmar arch, a ligature niay be applied to the bleeding
points, from the dorsum of the hand, by resection of the upper part of the third metacarpal
bone. It is useless in these cases to ligature one of the arteries of the forearm alone,
and indeed simultaneous ligatiu'e of both radial and ulnar arteries above the wrist is often
unsuccessful, on account of the anastomosis carried on by the carpal arches.
Therefore,
upon the failure of pressure to arrest haemorrhage, it is expedient to apply a ligature to
the brachial artery.

AETEEIES OF THE TEUNK
The Descending Aorta
The Descending Aorta is divided into two portions, the thoracic and abdominal, in correspondence with the two great cavities of the trunk in which it
is

situated.

The Thoracic Aorta
The Thoracic Aorta commences at the lower border of the fourth dorsal vertebra,
left side, and terminates at the aortic opening in the Diaphragm, in front
of the lower border of the last dorsal vertebra.
At its commencement, it is
it approaches the median line as it
situated on the left side of the spine
descends and, at its termination, lies directly in front of the column. The
direction of this vessel being influenced by the spine, upon w'hich it rests, it
As the
describes a curve which is concave forwards in the dorsal region.

on the

;

;

from

it are small, the diminution in the size of the vessel is
contained in the back part of the posterior mediastinum.
Relations.
It is in relation, in front, from above downwards, with the left
pulmonary artery, the left bronchus, the pericardium, and the oesophagus
on the right
behind, with the vertebral column, and the vena azygos minor
side, with the vena azygos major, and thoracic duct
on the left side, with the

branches given
inconsiderable.

ofl^

It is

—

;

;

left

pleura and lung.

The oesophagus, with

right side of the aorta above
of the aorta,

and close

;

to the

its

accompanying nerves,

but at the lower part of the thorax

Diaphragm

is

situated to

it

its left side.

lies

on the

gets in front
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Plak of the Relations of the Thoracic Aorta
In front.
Left pulmonary artery.
Left bronchus.
Pericardium.

CEsophagus.

\

/

Biglit side.

CEsophagus (above).
Vena azygos major.

Tiioracic

/

Aorta.

\

Thoracic duct.

Left
I

CEsophagus (below).

/

\

side.

Pleura.
I^eh lung.

\

Beliind.

Vertebral column.
Vena azygos minor.

The aorta is occasionally found to be obliterated at a particular spot, viz. at the
junction of the arch with the thoracic aorta, just below the ductus arteriosus. Whether
this is the result of disease, or of congenital malformation, is immaterial to our present
piirpose it affords an interesting opportunity of observing the resources of the collateral
The com'se of the anastomosing vessels, hy which the blood is brought from
circulation.
the upper to the lower part of the arter3', will be fomad well described in an account of
two cases in the Pathological Transactions, vols. viii. and x. In the former (p. 162), Mr.
The
Sydney Jones thus sums up the detailed description of the anastomosing vessels
Firstly, the
principal communications by which the circulation was carried on, were
internal mammary, anastomosing with the intercostal arteries, with the phrenic of the
abdominal aorta by means of the musculo-phrenic and comes nervi phrenici, and largely
with the deep epigastric. Secondly, the superior intercostal, anastomosing anteriorly by
means of a large branch with the first aortic intercostal, and posteriorly with the posterior
branch of the same artery, Thirdly, the inferior th}'roid, by means of a branch about
the size of an ordinarj^ radial, formed a commimication with the first aortic intercostal.
Fourthly, the transversalis colli, by means of very large commmiications with the posterior
branches of the intercostals. Fiftlily, the branches (of the subclavian and axillary) going
to the side of the chest were large, and anastomosed freely with the lateral branches of the
intercostals.'
In the second case also (vol. x. p. 97), Mr. Wood describes the anastomoses
in a somewhat similar manner, adding the remark, that the blood which was brought
into the aorta through the anastomoses of the intercostal arteries appeared to be expended
principally in supplying the abdomen and pelvis while the supply to the lower extremities
had passed through the internal mammary' and epigastrics.'
Surgical Anatomy. The student should now consider the effects likely to be produced
by aneurism of the thoracic aorta, a disease of common occurrence. When we consider
the great depth of the vessel from the surface, and the number of important structures
which siu-round it on every side, it may easily be conceived what a variety of obscure
symptoms may arise from disease of this part of the arterial system, and how they may
be liable to be mistaken for those of other affections. Aneurism of the thoracic aorta
most usually extends backwards, along the left side of the spine, producing absorption of
the bodies of the vertebrte, with curvature of the spine whilst the irritation or pressure
on the cord will give rise to pain, either in ihe chest, back, or loins, with radiating pain
in the left upper intercostal spaces, from pressure on the intercostal nerves
at the same
time the tumour may project backwards on each side of the spine, beneath the integument, as a pulsating swelling, simulating abscess connected with diseased bone or it may
displace the oesophagus, and compress the lung on one or the other side.
If the tumomextend forward, it may press upon and displace the heart, giving rise to palpitation and
other symptoms of disease of that organ
or it may displace, or even compress, the
oesophagus, causing pain and difficulty of swallowing, as in stricture of that tube and
ultimately even open int9 it by ulceration, producing fatal h-aemorrhage. If the disease
extends to the right side, it may press upon the thoracic duct or it may burst into the
pleural cavity, or into the trachea or lung and lastly, it may open into the posterior
;

:

—

—

'

'

;

—

;

;

;

;

;

;

;

mediastinum.

Branches of the Thoracic Aorta
Pericardiac.

Bronchial.

(Esophageal.
-

Posterior Mediastinal.

Intercostal.

The pericardiac
to the pericardium.

are a few small vessels, irregular in their origin, distributed

—
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The bronchial arteries are the nutrient vessels of the lungs, and vary in
That of the right side arises from the first aortic
size, and origin.
intercostal, or by a common trunk with the left bronchial, from the front of the
Those of the left side, usually two in number, arise from the
thoracic aorta.
Each vessel is directed to the
thoracic aorta, one a little lower than the other.
back part of the corresponding bronchus along which it runs, dividing and subdividing upon the bronchial tubes, supplying them, the cellular tissue of the lungs,
the bronchial glands, and the oesophagus.
The cesoph.ag'eal arteries, usually four or five in number, arise from the front
of the aorta, and pass obliquely downwards to the oesophagus, forming a chain
number,

anastomoses along that tube, anastomosing with the oesophageal branches of
arteries above, and with ascending branches from the
phrenic and gastric arteries below.
The posterior mediastinal arteries are numerous small vessels which supply
the glands and loose areolar tissue in the mediastinum.
The Intercostal arteries arise from the back of the aorta. They are usually
ten in number on each side, the two superior intercostal spaces being supplied
by the superior intercostal, a branch of the subclavian. The second space usually
receives a considerable branch from the first aortic intercostal, which joins with
the branch from the superior intercostal of the subclavian.
The lowest or tenth
intercostal branch from the aorta runs along the lower border of the last rib, and
is named the subcostal artery.
The right intercostals are longer than the left, on
account of the position of the aorta on the left side of the spine they pass outwards, across the bodies of the vertebrae, to the intercostal spaces, being covered
by the pleura, the oesophagus, thoracic duct, sympathetic nerve, and the vena
azygos major the left passing outwards are crossed by the sympathetic the
upper two are also crossed by the superior intercostal vein, the lower by the
vena azygos minor. In each intercostal space the artery passes outwards, at
first lying upon the External intercostal muscle, covered in front by the pleura
and a thin fascia. It then passes between the two layers of Intercostal muscles,
and having ascended obliquely to the lower border of the rib above it is continued
forwards in the groove on its lower border and anastomoses with the anterior
intercostal branches of the internal mammary.
The first aortic intercostal
anastomoses with the superior intercostal, and the last three pass between the
abdominal muscles, inosculating with the epigastric in front, and with the
phrenic and lumbar arteries. Each intercostal artery is accompanied by a vein
and nerve, the former being above, and the latter below, except in the upper
intercostal spaces, where, the nerve is at first above the artery.
The arteries are
protected from pressure during the action of the Intercostal muscles, by fibrous
arches thrown across, and attached by each extremity to the bone. The lower
intercostal arteries are continued anteriorly from the intercostal spaces into the
abdominal wall, except the last, the subcostal, which lies throughout its whole
course in the abdominal wall, since it is placed below the last rib. They pass
behind the costal cartilages betw^een the Internal oblique and Transversalis
muscle to the sheath of the Rectus, where they anastomose with the internal
mammary and the deep epigastric arteries. Behind, the subcostal artery anastomoses with the first lumbar artery.
Each intercostal artery gives off the following branches
of

the inferior thyroid

:

;

;

.

:

Posterior or dorsal branch.

Spinal.

Collateral intercostal.

The posterior or dorsal branch of each intercostal artery passes backwards to
the inner side of the anterior costo-transverse ligament, and divides into an
external and internal branch, which are distributed to the muscles and integument
of the back.

The

spinal branch,

foramen,

is

which enters the spinal canal through the intervertebral
and its membranes, and to the bodies

distributed to the spinal cord
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of the vertebrae in the

same manner

as the lateral spinal branches from the

vertebral.

The collateral intercostal branch comes off from the intercostal artery near the
angle of the rib, and descends to the upper border of the rib below, along which it
courses to anastomose with the anterior intercostal branch of the internal

mammary.

—

in

Surgical Anatomy. The position of the intercostal vessels should be borne in mind
performing the operation of paracentesis thoracis. The puncture should never be made
Fig. 407.

— The abdominal aorta and

its

branches.

I

'

nearer the middle line than the angle of the rib, as the artery crosses the space internal to
this point.
In the lateral poition of the chest, where the puncture is usually made, the
artery lies at the upper part of the intercostal space, and therefore the pmicture should
be made just above the upper border of the rib forming the lower boundary of the space.

The Abdominal Aokta
The Abdominal Aorta commences
front of the lower border of the body

(fig.

at the aortic

407)

opening

of the

Diaphragm,

of the last dorsal vertebra, and,

in

descending

—

;
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a little to the left side of the vertebral column, terminates on the body of the
fourth lumbar vertebra, commonly a little to the left of the middle line,* where
It diminishes rapidly in size-, in
it divides into the two common iliac arteries.

many large branches which it gives off. As it lies upon the
the vertebrae, the curve which it describes is convex forwards, the
greatest convexity corresponding to the third lumbar vertebra, which is a little
above and to the left side of the umbilicus.

consequence of the
bodies

of

Relations.

—

It

covered,

is

in

front,

by the

behind which are the branches of the coeliac

lesser

omentum and stomach,

and the

below
solar plexus
by the splenic vein, the pancreas, the left renal vein, the transverse
portion of the duodenum, the mesentery, and aortic plexus. Behind, it is
separated from the lumbar vertebrae by the left lumbar veins, the receptaculum
chyli, and thoracic duct.
On the right side it is in relation with the inferior vena
cava (the right crus of the Diaphragm being interposed above), the vena azygos
major, thoracic duct, and right semilunar ganglion on the left side, with the
sympathetic nerve, and left semilunar ganglion.
axis,

:

these,

;

Plan of the Eelatioxs of the Abdominal Aorta
In front.
Lesser

omentum and stomach.

Branches

of the coeliac axis and solar plesns.
Splenic vein.
Pancreas.
Left renal vein.

Transverse duodenum.
Mesentery.
Aortic plexus.

Right

side.

Eight crus of Diaphragm.
Inferior

vena cava.

Vena azygos major.
Thoracic duct.
Eight semilunar ganglion.

/
/

-L^'^/f

\
Abdominal

|

Aorta.
1^

j

side.

Sympathetic nerve.
Ijeh semilunar ganglion.

Behind.
Left lumbar veins.

Receptaculum

chyli.

Thoracic duct.
Vertebral column.

—

Surface Marhing.- In order to map out the abdominal aorta on the surface of the
abdomen, a line must be drawn from the middle line of the bod.v, on a level with the distal
extremity of the seventh costal cartilage, downwards and slightly to the left, so that it just
skirts the mnbiUcus, to a zone drawn round the body opposite the highest point of the
crest of the ilium.
This point is generally hah an inch below and to the left of the
umbilicus, but as the position of this structure varies with the obesity of the individual,
it is not a reliable landmark as to the situation of the bifurcation of the aorta.
Surgical Anatomy. Aneurisms of the abdominal aorta near the coeliac axis communicate in nearly equal proportion with the anterior and posterior parts of the artery.
When an aneurismal sac is connected with the back part of the abdominal aorta, it
usually produces absorption of the bodies of the vertebrae, and forms a pulsating tumour,
that presents itself in the left hypochondriac or epigastric regions, and is accompanied by
symptoms of disturbance in the alimentary canal. Pain is invariably present, and is
usuaUy of two kinds a fixed and constant pain in the back, caused by the tumour pressing
on or displacing the branches of the solar plexus and splanclmic nerves; and a sharp
lancinating pain, radiating along those branches of the lumbar nerves which are pressed
on by the titmour hence the pain in the loins, the testes, the hypogastrium, and in
the lower limb (usually of the left side).
This form of aneurism usually bursts into
the peritoneal cavity, or behind tlie peritoneum, in the left hypochondriac region; or
it may form a large
aneurismal sac, extending down as low as Poupart's ligament

—

—

;

* Lord Lister, having accurately examined 30 bodies in order to ascertain the
exact point of termination of this vessel, found it either absolutely, or almost absolutely,
mesial in 15, while in 13 it deviated more or less to the left, and in 2 was slightly to the
right.'
System of Surgery, edited by T. Holmes, 2nd ed. vol. v. p. 652.
'
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hiemorrhage in these cases being generally very extensive, but slowly produced, and not
rapidly fatal.

When an aneurismal sac is connected with the front of the aorta near the cneliac axis,
forms a pulsating tumour in the left hypochondriac or epigastric regions, usually
attended with symptoms of disturbance of the alimentary canal, as sickness, dyspepsia,
or constipation, and accompanied by pain, which is constant, but nearly always fixed, in
the loins, epigastrium, or some part of the abdomen the radiating pain being rare, as
the lumbar nerves are seldom implicated. This form of aneurism may burst into the
peritoneal cavity, or behind the peritoneum, between the layers of the mesentery, or, more
it rarely extends backwards so as to affect the spine.
rarely, into the duodenum
The abdominal aorta has been tied several times, and although none of the patients
permanently recovered, still, as one of them lived as long as ten days, the possibility of
the re-establishment of the circulation may be considered to be proved. In the lower
animals this artery has been often successfully tied. The vessel may be reached in
In the original operation, performed by Sir A. Cooper, an incision was
several ways.
made in the linea alba, the peritoneum opened in front, the finger carried down amongst the
intestines, towards the spine, the peritoneum again opened behind, by scratching through
Or either of the operations, described below,'
the mesentery, and the vessel thus reached.
for securing the common iliac artery, may, by extending the dissection a sufficient distance
upwards, be made use of to expose the aorta. The chief difficulty in the dead subject
but in the living subject,
consists in isolating the artery, in consequence of its great depth
the embarrassment resulting from the proximity of the aneurismal tumour, and the great
probability of disease in the vessel itself, add to the dangers and difficulties of this
formidable operation so greatly, that it is very doubtful whether it ought ever to be
performed.
The collateral circulation would be carried on by the anastomosis between the internal
mammary and the deep epigastric by the free communication between the superior and
inferior mesenteries, if the ligature were placed above the latter vessel
or by the anastomosis between the inferior mesenteric and the internal pudic, when (as is more common)
and possibly by the
the point of ligature is below the origin of the inferior mesenteric
anastomoses of the lumbar arteries with the branches of the internal iliac.
The circulation through the abdominal aorta may be commanded, in thin persons, by
firm pressure with the fingers. A tourniquet has been invented for this purpose, which is
sometimes used in amputation at the hip-joint and some other operations.
it

;

;

;

;

;

;

Beanches of the Abdominal

Renal.
Spermatic in male.

Phrenic.
C Gastric.

Ovarian in female.

Coeliac axis.< Hepatic.
I

Inferior Mesenteric.

Splenic.

Lumbar.

Superior Mesenteric.
Suprarenal.

The branches may be divided
2.

Those distributed

x\.orta

Sacra Media.
into

two sets i
abdomen.
:

.

Those supplying the

viscera.

to the walls of the

Visceral Branches.

Renal.

Spermatic or Ovarian.

r Gastric.

Coeliac Axis.< Hepatic.

Parietal Branches.

L Splenic.

Superior Mesenteric.
Inferior Mesenteric.
Suprarenal.

Phrenic.

Lumbar.
Sacra Media.

Coeliac Axis

To expose

this artery, raise the liver,
the layers of the lesser omentum.

(fig.

408)

draw down the stomach, and then

tear through

The
arises

Coeliac Axis is a short thick trunk, about half an inch in length, which
from the aorta, close to the margin of the opening in the Diaphragm, and

passing nearly horizontally forwards (in the erect posture), divides into three
large branches, the gastric, heiKitic, and splenic, occasionally giving off one of the
phrenic arteries.
Relations.

—

It is

covered by the lesser omentum.

On

the right side,

it

is

in
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and the lobiis Spigehi on the leftside
with the left semilunar ganglion and cardiac end of the stomach. Belotv, it rests
upon the upper border of the pancreas.
The Gastric or Coronary Artery, the smallest of the three branches of the
coeliac axis, passes upwards and to the left side, to the cardiac orifice of the
stomach, distributing branches to the oesophagus, which anastomose with the
others supply the cardiac end of the stomach, inoscuaortic oesophageal arteries
it then passes from left to right, along
lating with branches of the splenic artery
the lesser curvature of the stomach to the pylorus, lying in its course between
the layers of the lesser omentum, and giving branches to both surfaces of the
organ at its termination it anastomoses with the pyloric branch of the hepatic.
relation with the riglit semikinar ganghon,

;

;

:

:

Fig.

408.

-The

cceliac axis

and

its

the lesser

branches, the liver having been raised, and

omentum removed.

Ci/sfic arteiij

^3""™i!i

The Hepatic Artery in the adult is intermediate in size between the gastric
and splenic in the foetus, it is the largest of the three branches of the coeliac
axis.
It is first directeti forwards and to the right, to the upper margin of the
pyloric end of the stomach, forming the lower boundary of the foramen of
Winslow^. It then passes upwards between the layers of the lesser omentum,
and in front of the foramen of Winslow, to the transverse fissure of the liver,
where it divides into two branches, right and left, w^hich supply the corresponding lobes of that organ, accompanying the ramifications of the vena portge and
;

duct.
The hepatic artery, in its course along the right border of the
omentum, is in relation with the ductus communis choledochus and portal
the duct lying to the right of the artery, and the vena portse behind.

hepatic
lesser

veins,
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Its

branches

are, the

Pyloric.

Gastro-duodenaHs

[ Gastro-epiploica Dextra.
\ Pancreatico-duodenahs superior.

Cystic.

The pyloric branch arises from the hepatic, above the pylorus, descends to
the pyloric end of the stomach, and passes from right to left along its lesser curvature, supplying it with branches, and inosculating with the gastric artery.
The gastro-duodenalis (fig. 409) is a short but large branch, which descends,
near the pylorus, behind the first portion of the duodenum, and divides at the
Fig. 409.

-The

and its branches, the stomach having been raised
the transverse meso-colon removed.

coeliac axis

and

lower border of this viscus into two branches, the gastro-epiploica dextra and
the pancreatico-duodenalis superior. Previous to its division, it gives off two
or three small inferior pyloric branches to the pyloric end of the stomach and
pancreas.

The

g-astro-epiploica dextra runs from right to left along the greater curvature
stomach, between the layers of the great omentum, anastomosing about
the middle of the lower border of the stomach with the gastro-epiploica sinistra
from the splenic artery. This vessel gives off numerous branches, some of which
ascend to supply both surfaces of the stomach, whilst others descend to supply
of the

omentum.
The pancreatico-duodenalis

the great

superior descends between the contiguous margins
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of the duodenum and pancreas.
It supplies both these organs, and anastomoses
with the inferior pancreatico-duodenal branch of the superior mesenteric artery,
and with the pancreatic branches of the splenic.
The cystic artery (fig. 408), usually a branch of the right hepatic, passes
upwards and forwards along the neck of the gall-bladder, and divides into two
branches, one of which ramifies on its free surface, the other between it and the
substance of the liver.
The Splenic Artery, in the adult, is the largest of the three branches of the
coeliac axis, and is remarkable for the extreme tortuosity of its course.
It passes
horizontally to the left side along the upper border of the pancreas, accompanied
by the splenic vein, which lies below it and, on arriving near the spleen, divides
into branches, some of which enter the hilum of that organ to be distributed to
its structure, whilst others are distributed to the great end of the stomach.
Its
branches are, the
;

Pancreaticse Parvae.

Gastric (Vasa Brevia).

Pancreatica Magna.

Gastro-epiploica Sinistra.

The pancreatic are numerous small branches derived from the splenic as it
runs behind the upper border of the pancreas, supplying its middle and left parts.
One of these, larger than the rest, is given o& from the splenic near the left
extremity of the pancreas it runs from left to right near the posterior surface of
the gland, following the course of the pancreatic duct, and is called the pancreatica
magna. These vessels anastomose with the pancreatic branches of the pancreatico-duodenal arteries, derived from the hepatic on the one hand and superior
mesenteric on the other.
The gastric (vasa brevia) consist of from five to seven small branches, which
arise either from the termination of the splenic artery, or from its terminal
branches and, passing from left to right, between the layers of the gastro-splenic
omentum, are distributed to the great curvature of the stomach anastomosing
with branches of the gastric and gastro-epiploica sinistra arteries.
The gastro-epiploica sinistra, the largest branch of the splenic, runs from left
to right along the great curvature of the stomach, between the layers of the great
omentum, and anastomoses with the gastro-epiploica dextra. In its course it
distributes several branches to the stomach, which ascend upon both surfaces
others descend to supply the omentum.
;

;

;

;

Superior Mesenteric Artery

(fig.

410)

In order to expose this vessel, raise the great omentum and transverse colon, draw
down the small intestines, and cut through the peritoneum where the transverse mesocolon and mesenterj' join the arterj' will then be exposed, just as it issues from beneath
the lower border of the pancreas.
:

The Superior Mesenteric Artery supplies the whole length of the small intesexcept the first part of the duodenum it also supplies the caecum, ascending and transverse colon it is a vessel of large size, arising from the fore part

tine,

;

;

about a quarter of an inch below the coeliac axis being covered at
by the splenic vein and pancreas. It passes forwards, between the
pancreas and transverse portion of the duodenum, crosses in front of this portion
of the intestine, and descends between the layers of the mesentery to the right
In its course
iliac fossa, where it terminates, considerably diminished in size.
it forms an arch, the convexity of which is directed forwards and downwards to
It is accomthe left side, the concavity backwards and upwards to the right.
panied by the superior mesenteric vein, and is surrounded by the superior
of the aorta,
its

;

origin

mesenteric plexus of nerves.

Its

branches

are, the

Inferior Pancreatico-duodenal.

Ileo-colic.

Vasa

Colica Dextra.

Intestini Tenuis.

Colica Media.

S S
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is given off from the superior mesenteric
courses to the right between the head of the pancreas
and duodenum, and then ascends to anastomose with the superior pancreaticoduodenal artery. It distributes branches to the head of the pancreas and to the

The

Inferior pancreatico-duodenal

behind the pancreas.

It

transverse and descending portions of the duodenum.
The vasa intestini tenuis arise from the convex side of the superior mesenteric
They are usually from twelve to fifteen in number, and are distributed to
artery.
the jejunum and ileum. They run parallel with one another between the layers
each vessel dividing into two branches, which unite with a
of the mesentery
;

similar branch on each side, forming a series of arches, the convexities of which
are directed towards the intestine. Prom this first set of arches branches arise,
Fig. 410.

— The superior mesenteric artery and

its

branches.

which again unite with similar branches from either side, and thus a second series
of arches is formed
and from these latter, a third, and a fourth, or even fifth
series of arches is constituted, diminishing in size the nearer they approach the
intestine.
From the terminal arches numerous small straight vessels arise which
encircle the intestine, upon which they are distributed, ramifying between its
coats.
Throughout their course small branches are given off to the glands and
other structures between the layers of the mesentery.
The ileo-colic artery is the lowest branch given off from the concavity of the
superior mesenteric artery.
It descends between the layers of the mesentery to
;

INFEEIOE MESENTEEIC
the right ihac fossa,

where

it
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divides into two branches.

Of these, the inferior
from

division inosculates with the lowest branches of the vasa intestini tenuis,

the convexity of which branches proceed to supply the termination of the ileum,
The superior division
the caecum and appendix cseci, and the ileo-csecal valve.
inosculates with the colica dextra, and supplies the commencement of the colon.

The

colica dextra arises

from about the middle

of

the concavity of the

superior mesenteric artery, and, passing behind the peritoneum to the rniddle of

the ascending colon, divides into two branches a descending branch, which
and an ascending branch, which anastomoses
inosculates with the ileo-colic
with the colica media. These branches form arches, from the convexity of which
:

;

The branches of this vessel are
covered with peritoneum only on their anterior aspect.
The colica meiia arises from the upper part of the concavity of the superior
mesenteric, and, passing forwards between the layers of the transverse meso-colon,
the one on the right side inosculating with the colica
divides into two branches
dextra that on the left side with the colica sinistra, a branch of the inferior
mesenteric. From the arches formed by their inosculation, branches are distributed
The branches of this vessel lie between two layers of
to the transverse colon.
peritoneum.

vessels are distributed to the ascending colon.

:

;

Inferige Mesenteeic Aeteey

(fig.

411)

In order to expose this vessel, draw the small intestines and mesentery over to the
right side of the abdomen, raise the transverse colon towards the thorax, and divide the
peritoneum covering the left side of the aorta.

The

Inferior Mesenteric Artery supplies the descending and sigmoid flexure

and the greater part of the rectum. It is smaller than the superior
mesenteric and arises from the left side of the aorta, between one and two
inches above its division into the common iliacs. It passes downwards to the
left iliac fossa, and then descends, between the layers of the meso-rectum, into
It lies at
the pelvis, under the name of the siiperior licemorrlioidal artery.
first in close relation with the left side of the aorta, and then passes as the
Its branches
superior haemorrhoidal in front of the left common iliac artery.
of the colon,
;

are, the

Sigmoid.

Colica Sinistra.

Superior Haemorrhoidal.

The colica sinistra passes behind the peritoneum, in front of the left kidney,
reach the descending colon, and divides into two branches an ascending
and a descending branch, which
branch, which inosculates with the colica media
anastomoses with the sigmoid artery. From the arches formed by these inosculations, branches are distributed to the descending colon.
The sigmoid artery runs obliquely downwards across the Psoas muscle to the
sigmoid flexure of the colon, and divides into branches which supply that part of
and below, with the
the intestine anastomosing above, with the colica sinistra
This vessel is sometimes replaced by three or four
superior hasmorrhoidal artery.
small branches.
The superior hsemorrlioidal artery, the continuation of the inferior mesenteric,
descends into the pelvis between the layers of the meso-rectum, crossing, in its
It divides into two branches,
course, the ureter and left common iliac vessels.
which descend one on each side of the rectum, and about five inches from the
anus break up into several small branches, which pierce the muscular coat of
the bowel and run downwards, as straight vessels, placed at regular intervals
from each other in the wall of the gut between its muscular and mucous coat,
here they form a series of loops around
to the level of the internal sphincter
the lower end of the rectum, and communicate with the middle hgemorrhoidal
arteries, branches of the internal iliac, and with the inferior hyemorrhoidal
branches of the internal pudic.

to

:

;

;

;

;

s s 2
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Suprarenal Arteries

The Suprarenal Arteries

are

(fig.

407)

two small vessels which

arise,

one on each

They pass obliquely
side of the aorta, opposite the superior mesenteric artery.
upwards and outwards, over the crura of the Diaphragm, to the under surface
the suprarenal capsules, to which they are distributed, anastomosing with
capsular branches from the phrenic and renal arteries. In the adult these
in the foetus they are as large as the renal arteries.
arteries are of small size

of

;

Eenal Arteries
The Renal Arteries

are

(fig.

407)

two large trunks, which

arise

the aorta, immediately below the superior mesenteric artery.
Fig. 41

1.

— The inferior mesenteric and

its

from the sides

Each

is-

of

directed

branches.

Inferior hcemorrhoiclaJ

outwards, across the crus of the Diaphragm, so as to form nearly a right
angle with the] aorta. The right is longer than the left, on account of the
position of the aorta it passes behind the inferior vena cava.
The left is somewhat higher than the right. Previously to entering the kidney, each artery
divides into four or five branches which are distributed to its substance.
At the
hilum, these branches he between the renal vein and ureter, the vein being in
front, the ureter behind.
Each vessel gives off some small branches to the
suprarenal capsule, the ureter, and the surrounding cellular tissue and muscles.
Frequently there is a second renal artery, which is given off from the abdominal
aorta at a lower level and supplies the lower portion of the kidney.
It is termed
the inferior renal artery.
;

SPEEMATIC, PHEENIC, AND
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Speematic Aeteeies

The Spermatic

Arteries are distributed to

vessels, of considerable length,

which

arise

tlie

They

testes.

from the front

are

two slender

of the aorta, a little

below the renal arteries. Each artery passes obliquely outwards and downwards, behind the peritoneum, resting on the Psoas muscle, the right spermatic
lying in front of the inferior vena cava, the left behind the sigmoid flexure of
the colon.
It then crosses obliquely over the ureter and the lower part of the
external iliac artery to reach the internal abdominal ring, through which it
passes, and accompanies the other constituents of the spermatic cord along
the inguinal canal to the scrotum, where it becomes tortuous, and divides into
several branches, two or three of which accompany the vas deferens, and
supply the epididymis, anastomosing wdth the artery of the vas deferens others
pierce the back part of the tunica albuginea, and supply the substance of the
;

testis.

The Ovarian Arteries

(tig. 413) are the corresponding arteries in the female
spermatic in the male. They supply the ovaries, are shorter than the
spermatic, and do not pass out of the abdominal cavity.
The origin and course
of the first part of the artery are the same as the spermatic in the male, but on
arriving at the margin of the pelvis the ovarian artery passes inwards, between
the two layers of the broad ligament of the uterus, to be distributed to the ovary.
One or two small branches supply the Fallopian tube another passes on to the
side of the uterus, and anastomoses with the uterine arteries.
Other offsets are
continued along the round ligament, through the ingviinal canal, to the integument of the labium and groin.
At an early period of foetal life, when the testes or ovaries lie by the side of
the spine, below the kidneys, the spermatic or ovarian arteries are short
but as
these organs descend from the abdomen into the scrotum or pelvis, the arteries
become gradually lengthened.

to the

;

;

Pheenic Aeteeies
The Phrenic Arteries are two small vessels, which present much variety in
They raay arise separately from the front of the aorta, immediately
above the coeliac axis, or by a common trunk, which may spring either from
Sometimes one is derived from the aorta,
the aorta or from the coeliac axis.
and the other from one of the renal arteries. In only one out of thirty-six cases
examined did these arteries arise as two separate vessels from the aorta. They
diverge from one another across the crura of the Diaphragm, and then pass
obliquely upwards and outwards upon its under surface.
The left phrenic passes
behind the oesophagus, and runs forwards on the left side of the oesophageal
opening. The right phrenic passes behind the inferior vena cava, and ascends
along the right side of the aperture for transmitting that vein.
Near the back
part of the central tendon each vessel divides into two branches.
The internal
branch runs forwards to the front of the thorax, supplying the Diaphragm, and
anastomosing with its fellow of the opposite side, and with the musculo-phrenic
and comes nervi phrenici, branches of the internal mammary.
The external
branch passes towards the side of the thorax, and inosculates with the intercostal arteries.
The internal branch of the right phrenic gives off a few vessels
to the inferior vena cava
and the left one some branches to the oesophagus.
Each vessel also sends capsular branches to the suprarenal capsule of its own
side.
The spleen on the left side, and the liver on the right, also receive a few
their origin.

;

branches from these vessels.
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The Lumbar Arteries are analogous to the intercostal. They are usually four
number on each side, and arise from the back part of the aorta, nearly at right
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angles with that vessel. They pass outwards and backwards, around the sides of
the bodies of the lumbar vertebrae, behind the sympathetic nerve and the Psoas
magnus muscle those on the right side being covered by the inferior vena cava,
and the two upper ones on each side by the crura of the Diaphragm. In the
;

between the transverse processes of the vertebrae each artery divides into
and an abdominal branch.
The dorsal branch gives oti', immediately after its origin, a spinal branch,
which enters the spinal canal it then continues its course backwards, between
the transverse processes, and is distributed to the muscles and integument of
the back, anastomosing with the similar branches of the adjacent lumbar arteries,
and with the posterior branches of the intercostal arteries. The spinal branch
enters the spinal canal through the intervertebral foramen, to be distributed
to the spinal cord and its membranes and to the bodies of the vertebrae in the
same manner as the lateral spinal branches from the vertebral (see page 592).
The abdominal branches pass outwards, having a variable relation to the
Quadratus lumb'orum muscle. Most frequently the first branch passes in front
sometimes the order is reversed and the
of the muscle and the others behind it
lowest branch passes in front of the muscle. At the outer border of the Quadratus
they are continued between the abdominal muscles, anastomose with branches
front, the intercostals above, and those
of the epigastric and internal mammary
of the ilio-lumbar and circumflex iliac beloiv.
interval

a dorsal

;

;

m

Middle Sacral Artery
which arises from the back part
descends upon the last lumbar vertebra,
and along the middle line of the front of the sacrum, to the upper part of the
coccyx, where it anastomoses with the lateral sacral arteries, and terminates in
a minute branch, which runs down to the situation of the body immediately to be
described as Luschka's gland.' From it, branches arise w^hich run through the
meso-rectum, to supply the posterior surface of the rectum. Other branches are
given off on each side, which anastomose with the lateral sacral arteries, and
send off small offsets, which enter the anterior sacral foramina.
The artery is the representative of the caudal prolongation of the aorta of
animals, and its lateral branches correspond to the intercostal and lumbar arteries

The Middle Sacral Artery

is

a small vessel,

of the aorta, just at its bifurcation.

It

'

in the dorsal

and lumbar regions.

—

Coccygeal Gland, or Luschka's Gland. Lying near the tip of the coccyx in a
small tendinous interval formed by the u.nion of the Levator ani muscle of each
side, and just above the coccygeal attachment of the Sphincter ani, is a small
conglobate body, about as large as a lentil or a pea, first described by Luschka,*
and named by him the coccygeal gland. Its most obvious connections are with
the arteries of the part.
Structure.
It consists of a congeries of small arteries, with little aneurismal
dilatations, derived from the middle sacral, and freely communicating with each

—

These vessels are enclosed in one or more layers of polyhedral granular
and the whole structure is invested in a capsule of connective tissue w^hich
sends in trabeculge, dividing the interior into a number of spaces in which the
vessels and cells are contained.
Nerves pass into this little body from the
sympathetic, but their mode of termination is unknown. Macalister believes the
glomerulus of vessels 'consists of the condensed and convoluted metameric
dorsal arteries of the caudal segments embedded in tissue which is possibly a
other.
cells,

small persisting fragment of the neurenteric canal.'
*

Der Hirnanhang und
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die Steissdriise des Menschen, Berlin, i860;
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left side of

common iliac

The

arteries.

bifurca-

the body of the fourth lumbar vertebra.
inches in length
diverging from the

The common iliac arteries are about tvi^o
termination of the aorta, they pass downwards and outwards to the margin of
the pelvis, and divide opposite the intervertebral substance, between the last
lumbar vertebra, and the sacrum, into two branches, the external and internal
iliac arteries : the former supplying the lower extremity
the latter, the viscera
;

;

and parietes

The

of the pelvis.

right

common

somewhat

iliac is

larger than the

left,

and passes more

obliquely across the body of the last lumbar vertebra.

In front of it are the
peritoneum, the small intestines, branches of the sympathetic nerve, and, at its
point of division, the ureter. Behind, it is separated from the fourth and fifth
lumbar vertebrae, with the intervening intervertebral disc, by the two common
iliac veins.
On its outer side, it is in relation with the inferior vena cava, and
the right common iliac vein, above and the Psoas magnus muscle below.
The left common iliac is in relation, in front, with the peritoneum, branches
and is crossed
of the sympathetic nerve, and the superior haemorrhoidal artery
at its point of bifurcation by the ureter.
It rests on the bodies of the fourth and
fifth lumbar vertebrae, with the intervening intervertebral disc.
The left common
iliac vein lies partly on the inner side, and partly beneath the artery
on its
outer side, the artery is in relation with the Psoas magnus muscle.
;

;

;

Plan of the Eelations of the Common Iliac Arteries
In front.

In front.
Peritoneum.
Small intestines.

Peritoneum.

Sym.patlietic nerves.

Superior hsemorrhoidal artery.
Ureter.

Sj^rapathetic nerves.

Ureter.

Outer

Vena
Eight

Inner

side.

Left

cava.

common

Outer

side.

side.

Psoas magnus
muscle.

common

iliac vein.

iliac vein.

Psoas muscle.

Behind.

BeJiind.

Fourth and fifth lumbar
Eight and left comraon

vertebrae.

Fourth and
Left

lumbar

vertebrae.

iliac

vein.

iliac veins.

Branches.

fifth

common

— The common

iliac arteries give off

small l^ranches to the peritoneum
tissue, and occasionally give

Psoas magnus, ureters, and the surrounding cellular
origin to the

ilio -lumbar,

or renal arteries.

—

Peculiarities.
The point of origin varies according to the bifurcation of the aorta. In
three-fourths of a large number of cases, the aorta bifurcated either upon tlie fourth
lumbar vertebra, or upon the intervertebral disc between it and the fifth the bifurcation
In ten out
being, in one case out of nine below, and in one out of eleven above this point.
of every thirteen cases, the vessel bifurcated within half an inch above or below the level
of the crest of the ihum more frequently below than above.
mae jpoint of division is subject to great variety. In two-thirds of a large number of
cases it was between the last lumbar vertebra and the upper border of tlie sacrum being
above that jjoint in one case out of eiglrt, and below it in one case out of six. The left
common ihac artery divides lower down more frequently than the right.
The relative length, also, of the two common iliac arteries varies. The right common iliac
was the longer
sixty-three cases
the left in fifty-two whilst they were both equal in
fifty-three.
The length of the arteries varied in five-sevenths of the cases examined, from
an inch and a half to three inches in about lialf of the remaining cases, tlie artery was
longer, and in the other half, shorter
the minimum length being less than half an inch,
;

:

;

m

;

;

;

:

AETEEIES

632

maximum

four and a half inches. In two instances, the right common ihac has been
and internal iliacs arising directly from the aorta.
Surface MarMng. Draw a zone round the body opposite the highest part of the crest
of the ilium in this line take a point half an inch to the left of the middle line.
From this
draw two lines to points midway between the anterior superior spines of the ilium and the
symphysis pubis. These two diverging lines will represent the com-se Of the common and
external iliac arteries. Draw a second zone round the body corresponding to the level of
the anterior superior spines of the ilium the portion of the diverging lines between the two
zones will represent the course of the common iliac artery the portion below the lower
zone, that of the external iliac artery.
Surgical Anatomy. The application of a ligature to the common iliac artery may be
required on accoi^nt of aneurism or haemorrhage, implicating the external or internal

the

fotind wanting, the external

—

;

:

;

—

Fig. 412.

—Arteries

of the pelvis.

Ileo-liunha)

Gluteal

The artery may be tied by one of two incisions, i. An anterior or iliac incision,
by which the vessel is approached more directly from the front and 2. a posterior
abdominal or lumbar incision, by which the vessel is reached from behind. If the
surgeon select the iliac region, a curved incision, from five to eight inches in length
according to the amount of fat, is made, commencing just outside the middle of Poupart's
ligament and a finger's breadth above it, and carried outwards towards the anterior
superior iliac spine, then upwards towards the ribs, and finally curving inwards towards the
unibilicus.
The abdominal muscles and transversalis fascia are divided, and the peritoneum
raised upwards and inwards, until the Psoas is reached.
The artery will be found on the
inner side of this muscle, and is to be cleared with a director, especial care being taken on
the right side, as here the common iliac veins lie behind the artery.
The aneurism needle
is to be passed from within outwards.
But if the aneurismal tumoin^ should extend high
up in the abdomen, along the external iliac, it is better to select the posterior or lumbar
iliacs.

;

;
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by making an incision partly in the abdomen, partly in the loin. The incision is
conamenced at the anterior extremity of the last rib, proceeding directly downwards to the
ilium it is then curved forwards along the crest of the ilium, and a little above it, to the
The abdominal muscles having been cautiously
anterior superior spine of that bone.
divided in succession, the transversalis fascia must be carefully cut through, and the
peritoneum, together with the ureter, separated from the artery, and pushed aside the
sacro-iliac articulation must then be felt for, and upon it the vessel will be felt pulsating,
and may be fully exposed in close connection with its accompanying vein. On the right
side, both common iliac veins, as well as the inferior vena cava, are in close connection
with the artery, and must be carefully avoided. On the left side, the vein usually lies on
the inner side, and behind the artery but it occasionally happens that the two common
iliac veins are joined on the left instead of the right side, which would add imuch to
the difficulty of an operation in such a case. The common iliac artery may be so short
that danger may be apprehended from secondary haemorrhage if a ligature is applied to it.
It would be preferable, in such a case, to tie both the external and internal iliacs near their
operation,

;

;

,

;

origin.

Collateral Circulation.

— The principal agents in carrying on the collateral

circulation
the anastomoses of the
the common iliac are
hsemorrhoidal branches of the internal iliac with the superior hsemorrhoidal from the
inferior mesenteric
the anastomoses of the uterine and ovarian arteries, and of the vesical
arteries of opposite sides
of the
of the lateral sacral with the middle sacral artery
epigastric with the internal mammary, inferior intercostal, and lumbar arteries
of the
circumflex iliac with the lumbar arteries of the ilio-lumbar with the last lumbar artery
of the obturator artery, by means of its pubic branch, with the vessel of the opposite side,
and with the deep epigastric.
Compression of the Common Iliac Arteries. The common iliac arteries are most
efficiently compressed by Davy's lever.
The instrument consists of a gum-elastic tube,
about two feet long, in which fits a round wooden lever considerably longer than the
tube.
A small quantity of olive oil having been injected into the rectum, the gum-elastic
tube, softened in hot water, is passed into the bowel sufficiently far to permit its pressing
upon the common iliac artery as it lies in the groove between the last lumbar vertebra
and the Psoas muscle. The wooden lever is then inserted into the tube, and the projecting
end carried towards the opposite thigh and raised, when it acts as a lever of the first order,
the anus being the fulcrum. In cases where the meso-rectura is abnormally short it may
be impossible, without unjustifiable force, to compress the artery on the right side.
after the application of a ligature to

:

;

;

;

;

;

—

'

Intebnal Iliac Artery

'

(fig.

412)

The internal iliac artery supplies the walls and viscera of the pelvis, the
generative organs, and inner side of the thigh. It is a short, thick vessel, smaller
in the adult than the external iliac, and about an inch and a half in length.
It

common iliac, and, passing downw^ards
upper margin of the great sacro-sciatic foramen, divides into two large
trunks, an anterior and posterior; from its point of bifurcation a partially
obliterated cord, the hypogastric artery, extends forwards to the bladder.
Relations.
In front, with the ureter, which separates it from the peritoneum.
Behind, with the internal iliac vein, the lumbo-sacral nerve, and Pyriformis
muscle. By its oiLter side, near its origin, with the Psoas magnus muscle.

arises at the point of bifurcation of the
to the

—

Plan of the Eelations of the Internal Iliac Artery
In front.
Peritoneum.
Ureter.

Outer

side.

Psoas magnus.

Behind.
Internal

iliac vein.

Lumbo-sacral nerve.
Pyriformis muscle.
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In the

twice as large as the
iliac.
Instead
of dipping into the pelvis, it passes forwards to the bladder, and ascends along
the sides of that viscus to its summit, to which it gives branches it then passes
upwards along the back part of the anterior wall of the abdomen to the umbilicus,
converging towards its fellow of the opposite side. Having passed through the
umbilical opening, the two arteries twine round the umbilical vein, forming with
it the umbilical cord
and, ultimately, ramify in the placenta.
The portion of
the vessel within the abdomen is called the kfijpogastric artery and that external
to that cavity, the umbilical artery.
At birth, when the placental circulation ceases, the upper portion of the
hypogastric artery, extending from the summit of the bladder to the umbilicus,
external

foetus,

iliac,

the internal

and appears

artery {hypogastric)

iliac

is

to be the continuation of the

common

;

;

;

and ultimately dwindles to a solid fibrous cord; but the lower portion,
extending from its origin (in what is now the internal iliac artery) for about an
inch and a half to the wall of the bladder, and thence to the summit of that
organ, is not totally impervious, though it becomes considerably reduced in size,
and serves to convey blood to the bladder, under the name of the superior vesical
contracts,

artery.

—

Peculiarities as regards Length. In two-thirds of a larg^e number of cases, the length
of the internaliliac varied between an inch and an inch and a half; in the remaining
third, it was more frequently longer than shorter, the maximum length being three inches,
tlie minimum half an inch.
The lengths of tlie common and internal iliac arteries bear an inverse proportion to
each other, the internal iliac artery being long when the common iliac is short, and vice
versa.

—

As regards its Place of Division. The place of division of the internal iliac varies
between the upper margin of the sacrum and the iipper border of the sacro-sciatic
foramen.

The arteries of the two sides in a series of cases often differed in
seemed constantly to exceed the other.
Surgical Anatomy. The apx^lication of a ligature to the internal

length, but neither

—

iliac artery may be
required in cases of aneurism or haemorrhage affecting one of its branches. The vessel
may be secm-ed by making an incision tlirough the abdominal parietes in the iliac region,
in a direction and to an extent similar to that for seciunng the common iliac
the transversalis fascia having been cautiously divided, and the peritoneum pushed inwards from
the iliac fossa towards the pelvis, the iinger may feel the pulsation of the external iliac at
the bottom of the wound and, by tracing this vessel upwards, the internal iliac is arrived
at, opposite the saero-iliac articulation.
It should be remembered that the vein lies
behind, and on the right side, a little external to the artery, and in close contact with it the
ureter and peritoneum, which lie in front, must also be avoided.
The degree of facility in
applying a ligature to this vessel will mainly depend upon its length. It has been seen that,
in the great majority of the cases examined, the arterj' was short, varying from an inch to
an inch and a half; in these cases, the artery is deeply seated in the pelvis when, on the
contrary, the vessel is longer, it is found partly above that cavity. If the artery is very
short, as occasionally happens, it would be preferable to apply a ligature to the common
iliac, or upon the external and internal iliacs at their origin.
Probably a better method of tying the internal iliac artery is by an abdominal section
This plan
in the median line and reaching the vessel through the peritoneal cavity.
has been advocated by Dennis, of New York, on the following grounds (i) It no way
increases the danger of the operation
(2) it prevents a series of accidents which have
occurred during ligature of the artery by the older methods
(3) it enables the surgeon to
ascertain the exact extent of disease in the main arterial trunk, and select his spot for the
application of the ligature and (4) it occupies much less time.
Collateral Circulation.
In Professor Owen's dissection of a case in which the internal
iliac artery had been tied by Stevens ten years before death, for aneurism of the sciatic artery,
tlie internal iliac was found impervious for about an inch above the point where the ligature had been applied but the obliteration did not extend to the origin of the external
iliac, as the ilio-lumbar artery arose just above this point.
Below the point of obliteration,
the artery resumed its natural diameter, and continued so for half an inch the obturator,
lateral sacral, and gluteal arising in succession from the latter portion.
The obturator
artery was entirely obliterated.
The lateral sacral artery was as large as a crow's quill,
and had a very free anastomosis with the artery of the opposite side, and with the middle
sacral artery.
The sciatic artery was entirely obliterated as far as its point of connection
with the aneurismal tumour but, on the distal side of the sac, it was continued down
along the back of the thigh nearly as large in size as the femoral, being pervious about an
inch below the sac by receiving an anastomosing vessel from the profunda.* The circulation
;

;

;

;

:

;

;

;

—

;

;

;

*

Medico-Chirurgical Trans.,

vol. xvi.

INTERNAL ILIAC

635

of the uterine and ovarian arteries
of the opposite
of the haemorrhoidal branches of the internal iliac with those from the
of the obtm-ator artery, bj- means of its pubic branch, with the vessel
inferior mesenteric
of the circumflex
of the opposite side, and with the epigastric and internal circumflex
and perforatins; branches of the profunda femoris with the sciatic of the gluteal with
the posterior branches of the sacral arteries of the iho-hunbar with the last lumbar of
the lateral sacral with the middle sacral and of the circumflex iliac with the ilio-lumbar

was carried on by the anastomoses

A-esical arteries

;

;

;

;

;

;

;

;

and

gluteal.

Branches of the Ixteexal Iliac

From

the Anterior Trunk.

Superior Vesical.

From

the Posterior Trunk.

Ilio-lumbar.

Middle Vesical.

Lateral Sacral.

Inferior Vesical.

Gluteal.

Middle Hgemorrhoidal.
Obturator.
Internal Pudic.
Sciatic.

In female

The

(

Uterine.

(Vaginal.

superior vesical

pervious after birth.
Fig. 413.

It

that part of the foetal hypogastric artery- which remains
extends to the side of the bladder, distributing numerous

is

— The arteries

of the internal organs of generation of the female,
seen from behind. (After Hyrtl.)

branches to the apex and body of the organ. From one of these a slender vessel
derived, which accompanies the vas deferens in its course to the testis, where
it anastomoses with the spermatic artery.
This is the artery of the vas deferens.
Other branches supply the ureter.
The middle vesical, usually a branch of the superior, is distributed to the base
of the bladder and under surface of the vesiculae seminales.
is

The inferior vesical arises from the anterior division of the internal iliac,
frequently in common with the middle hsemorrhoidal, and is distributed to the
base of the bladder, the prostate gland, and vesiculge seminales. The branches
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communicate with the corresponding vessel

distributed to the prostate

of the

opposite side.

The middle hsemorrhoidal artery usually arises together with the preceding
It supplies the anus and parts outside the rectum, anastomosing with the

vessel.

other haemorrhoidal arteries.
The uterine artery passes inwards from the anterior trunk of the internal
Ascending, in a tortuous course on the side of
iliac to the neck of the uterus.
this viscus, between the layers of the broad ligament, it distributes branches to
its substance, anastomosing, near its termination, with a branch from the ovarian
It gives off branches to the cervex uteri {cervical), and branches which
descend on to the vagina, and, joining with branches from the vaginal arteries,
form a median longitudinal vessel both in front and behind, which descend on

artery.

the anterior

and posterior surfaces

of

the vagina, and are

named

the azygos

arteries of the vagina.

The vaginal artery is analogous to the inferior vesical in the male it descends
upon the vagina, supplying its mucous membrane,, and sending branches to the
neck of the bladder and contiguous part of the rectum. It assists in forming
;

the azygos arteries of the vagina.

The obturator artery usually

arises from the anterior trunk of the internal
sometimes from the posterior. It passes forwards, below the brim of the
pelvis, to the upper part of the obturator foramen, and escaping from the pelvic
cavity through a short canal, formed by a groove on the under surface of the
ihac,

Fig. 414.

— Variations in origin

and course of

obtiu-ator artery.

ascending ramus of the os pubis, and the arched border of the obturator memIn the pelvic cavity
it divides into an internal and an external branch.
this vessel lies upon the pelvic fascia, beneath the peritoneum, and a little below
brane,

the obturator nerve.
Branches.
Within the pelvas, the obturator artery gives off an iliac branch to
the iliac fossa, which supplies the bone and the Iliacus muscle, and anastomoses

—

with the ilio-lumbar artery
a vesical branch, which runs backwards to supply
the bladder and a pubic branch, which is given off from the vessel just before it
leaves the pelvic cavity.
This branch ascends upon the back of the os pubis,
communicating with offsets from the deep epigastric artery, and with the
corresponding vessel of the opposite side. It is placed on the inner side of
the femoral ring. External to the pelvis, the obturator artery divides into an
internal and an external branch, which are deeply situated beneath the Obturator
externus muscle.
The internal branch curves downwards along the inner margin of the obturator
foramen, lying beneath the Obturator externus muscle it distributes branches
to the Obturator externus muscle, Pectineus, Adductors, and Gracilis, and
anastomoses with the external branch, and with the internal circumflex artery.
The external branch curves round the outer margin of the foramen, also lying
beneath the Obturator externus muscle, to the space between the Gemellus
inferior and Quadratus femoris, where it divides into two branches
one, the
smaller, courses inwards around the lower margin of the foramen and anastomoses
with the internal branch and with the internal circumflex the other inclines
outwards in the groove below the acetabulum, and supplies the muscles attached
;

;

;

:

;
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to the tuberosity of the ischium and anastomoses with the sciatic artery.
It
sends a branch to the hip-joint through the cotyloid notch, wliich ramifies on the
round hgament as far as the head of the femur.

—

Peculiarities.
In two out of every three cases the obturator arises from the internal
in one case in 3|- from the epigastric and in about one in seventy-two cases by two
It arises in about the same proportion fi'om the external iliac
roots from both vessels.
The origin of the obturator from the epigastric is not commonly found on both
artery.
sides of the same body.
"W^ien the obturator artery arises at the front of the pelvis from the epigastric, it descends
almost vertically to the upper part of the obtm-ator foramen. The artery in this course
usually lies in contact with the external iliac vein, and on the outer side of the femoral ring
in such cases it would not be endangered in the operation for femoral hernia.
(fig. 414, a)
Occasionally, however, it curves inwards along the free margin of Gimbernat's ligament
(fig. 414, b), and under such circumstances would almost completely encircle the neck of
a hernial sac (supposing a hernia to exist in such a case), and would be in great danger of
iliac

;

;

;

being wounded

if

an operation were performed.

The Internal Pudic
trunk of the internal
Fig. 415.

is

the smaller of the two terminal branches of the anterior
and supplies the external organs of generation.

iliac,

— The internal pudic artery and
SPINE OF

ORTUP°l^l^

.SCH.UM

its

branches in the male.

EXTERNAL
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INFERioR
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'NTERNAL
P""!'-

SMALL SCIATJC

same in the two sexes, the vessel is much
male, and the distribution of its branches
somewhat different. The description of its arrangement in the male will first be
given, and subsequently the differences which it presents in the female will be
mentioned.
The Internal Pudic Artery in the Male passes downwards and outwards to the
lower border of the great sacro-sciatic foramen, and emerges from the pelvis
between the Pyriformis and Coccygeus muscles it then crosses the spine of the
ischium, and re-enters the pelvis through the lesser sacro-sciatic foramen. The
artery now crosses the Obturator internus muscle, along the outer wall of the
ischio-rectal fossa, being situated about an inch and a half above the lower margin
of the ischial- tuberosity.
It is here contained in a sheath of the obturator fascia,
and gradually approaches the margin of the ramus of the ischium, along which it
passes forwards and upwards, pierces the superior layer of the deep perineal
fascia, and runs forwards along the inner margin of the ramus of the os pubis

Though the course

of the artery is the

smaller in the female than in the

:

;

—
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perforates the inferior layer of the deep perineal fascia, and divides
the penis and the artery of the

finally,

it

into its

two terminal branches, the dorsal artery of

corpus cavernosum.
In the first part of its course, within the pelvis, it lies in front of
Relations.
the Pyriformis muscle and sacral plexus of nerves, and on the outer side of the
rectum (on the left side). As it crosses the spine of the ischium, it is covered by
the Gluteus maximus. In the pelvis, it lies on the outer side of the ischio-rectal
fossa, upon the surface of the Obturator internus muscle, contained in a fibrous

—

canal (canal of Alcock) formed by the obturator fascia and the falciform process
It is accompanied by the pudic veins and
of the great sacro-sciatic ligament.
the internal pudic nerve.

—

The internal pudic is sometimes smaller than usual, or fails to give off
Peculiarities.
one or two of its usual branches in such cases the deficiency is supphed by branches
derived from an additional vessel, the accessory pudic, which general!}' arises froiu the
internal pudic artery before its exit from the great sacro-sciatic foramen. It passes forwards
along the lower part of the bladder and across the side of the prostate gland to the root
of the penis, where it perforates tlie triangrdar ligament, and gives off the branches usually
derived from the pudic artery. The deficiency most frequently met witli is that in which
the internal pudic ends as the artery of the bulb the artery of the corpus cavernosum
and arteria dorsalis penis being derived from the accessory pudic. Or the pudic may
terminate as the superficial perineal, the artery of the bulb being derived, with the other
two branches, from the accessory vessel. Occasionallj^ the accessory pudic artery is derived
from one of the other branches of the internal iliac, most frequently' the inferior vesical or
;

;

the obturator.

—

Surgical Anatomy. The relation of the accessory jiudic to the prostate gland and
urethra is of the greatest interest in a surgical point of view, as this vessel is in danger of
being wounded in the lateral operation of lithotomy. The student should also study the
position of the internal pudic artery and its branches, when running a normal course, with
regard to the same operation. The superficial and the transverse perineal arteries are, of
necessity, divided in this operation, but the htemorrhage from these vessels is seldom
should a ligature be required, it can readily be applied on account of their
excessive
The arterj' of the bulb may be divided if the incision be carried too far
superficial position.
forwards, and injury of this vessel may be attended with serious or even fatal consequences.
The main trunk of the internal pudic artery may be wounded if the incision be carried too
but, being bound down by tire strong obturator fascia, and under cover of
far outwards
the ramus of the ischium, the accident is not very likely to occur unless the vessel runs an
;

;

anomalous course.
Branches.

— The branches of the internal pudic artery are
Transverse Perineal.
Artery of the Bulb.
Artery of the Corpus Cavernosum.

Muscular.
Inferior Haemorrhoidal.
Superficial Perineal.

Dorsal Artery of the Penis.

The muscular branches

consist of

two

sets

other, as the vessel crosses the ischial spine.

:

one given

The former

off in

the pelvis

;

the

are several small offsets

which supply the Levator ani, the Obturator internus, the Pyriformis, and the
Coccygeus muscles. The branches given off outside the pelvis are distributed to
the adjacent part of the Gluteus maximus and External rotator muscles.
They
anastomose v/ith branches of the sciatic artery.
The inferior hcemorrhoidal are two or three small arteries which arise from
the internal pudic as

it

passes above the tuberosity of the ischium.

ischio-rectal fossa, they are distributed to the

Crossing the
muscles and integument of the anal

region.

The superficial perineal artery supplies the scrotum and muscles and integument of the peringeum. It arises from the internal pudic, in front of the preceding
branches, and turns upwards, crossing either over or under the Transversus
perinaei muscle, and runs forwards, parallel to the pubic arch, in the interspace
between the Accelerator urinse and Erector penis muscles, both of which it
supplies, and is finally distributed to the skin and dartos of the scrotum.
In its
passage through the perlnasum,

The

transverse perineal

is

it

lies

beneath the superficial perineal

fascia.

a small branch which arises either from the internal

—
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pudic, or from the superficial perineal artery as it crosses the Transversus perinsei
muscle. It runs transversely inwards along the cutaneous surface of the
Transversus perinaei muscle, which it supplies, as well as the structures between
the anus and bulb of the urethra, and anastomoses with the one of the opposite
side.

The

artery of the bulb is a large but very short vessel, which arises from the
between the two layers of the deep perineal fascia, and, passino-

internal pudic

nearly transversely inwards between the fibres of the Compressor urethrge muscle,
It gives off a small branch
it pierces the bulb of the urethra, in which it ramifies.
which descends to supply Cowper's gland.
Surgical Anatomy.— This artery is of considerable importance in a surgical point of
view, as it is in danger of being wounded in the lateral operation of lithotomy, an accident
usually attended in the adult with alarming haemorrhage. The vessel is sometimes "S'ery
It sometimes arises from the internal pudic
small, occasionally wanting, or even double.
earlier than usual, and crosses the periniEmn to reach the back part of the bulb.
In such
a case the vessel could hardly fail to be womided in the performance of the lateral operation
If, on the contrary, it should arise from an accessory pudic. it lies more
of lithotomy.
forward than usual, and is out of danger in the operation.

The artery of the cor^ms cavernosuvi, one of the terminal branches of the
internal pudic, arises from that vessel while it is situated between the crus
ramus of the os pubis piercing the crus penis obliquely, it runs
forwards in the centre of the corpus cavernosum, to which its branches are

penis and the

;

distributed.

The dorsal artery of the penis ascends between the crus and pubic symphysis,
and, piercing the suspensory ligament, runs forwards on the dorsum of the penis
where it divides into two branches, which supply the glans and predorsum of the penis, it lies immediate^ beneath the integument,
parallel with the dorsal vein and the corresponding artery of the opposite side.
It supplies the integument and fibrous sheath of the corpus cavernosum, sendinobranches through the sheath to anastomose with the preceding vessel.
The Internal Pudic Artery in the Female is smaller than in the male. Its
origin and course are similar, and there is considerable analogy in the distriThe superficial artery supplies the labia pudendi the
bution of its branches.
artery of the bulb supplies the bulbi vestibuli and the erectile tissue of the vagina
the artery of the corpus cavernosum supplies the cavernous body of the clitoris
and the arteria dorsalis clitoridis supplies the dorsum of that organ, and terminates
in the glans and in the membranous fold corresponding to the prepuce of the
to the glans,

puce.

On

the

;

;

;

male.

The Sciatic Artery (fig. 416), the larger of the two terminal branches of the
anterior trunk of the internal iliac, is distributed to the muscles at the back of
It passes down to the lower part of the great sacro-sciatic foramen,
behind the internal pudic artery, resting on the sacral plexus of nerves and
Pyriformis muscle, and escapes from the pelvis through this foramen between
the Pyriformis and Coccygeus.
It then descends in the interval between the

the pelvis.

trochanter major and tuberosity of the ischium, accompanied by the sciatic
nerves, and covered by the Gluteus maximus, and is continued down the back
of the thigh supplying the skin, and anastomosing with branches of the perforatinoarteries.

Within the pelvis,
Levator ani muscles

distributes branches to the Pyriformis, Coccygeus, and
some hsemorrhoidal branches, which supply the rectum,
and occasionally take the place of the middle haemorrhoidal artery and vesical
branches to the base and neck of the bladder, vesiculae -seminales, and prostate
it

;

;

gland.

The

External

to the pelvis, it

gives off the following branches

Coccygeal.

Comes Nervi

Inferior Gluteal.

Muscular.

Anastomotic.

x\rticular.

:

Ischiadici.

coccygeal branch runs inwards, pierces the great sacro-sciatic ligament

:
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and supplies the Gluteus maximus, the integument, and other structures on the
back of the coccyx.
The inferior gluteal branches, three or four in number, supply the Gluteus
maximus muscle, anastomosing with the gluteal artery in the substance of the
muscle.

The comes

nervi ischiadici

is

a long, slender vessel, which accompanies the
it then penetrates it, and runs in its

great sciatic nerve for a short distance

Fig. 416.

;

-The arteries of the gluteal and posterior
femoral regions.

substance to the
part of the thigh.

The

lower

viuscular branches

supply the Gluteus maximus, anastomosing with
the Gluteal artery in the
substance of the muscle
the

external

rotators,

anastomosing with the
internal pudic artery and
the muscles attached,to the
;

tuberosity of the ischium,

anastomosing with the external branch of the obturator and the internal

1

mination

of internal
circutiiflex

uperior

perforating

Middle
perforating
Inferior

perforating

circumflex arteries.
The alias tomo tic artery
is
directed
dowaiwards
across the external rotators

and

assists in

form-

ing the so-called crucial
anastomosis by anastomosing with the superior perforating and the internal
and external circumflex.
The articular branch,
generally derived from the
anastomotic, is distributed
to the capsule of the hipjoint.

The Ilio-lumbarArtery,
given off from the posterior
trunk of the internal iliac,
turns upwards and outwards between the obturator nerve and lumboSuperior muscular
sacral cord, to the inner
Psoas
margin of
the
muscle, behind which it
Tei mination
of profunda

Superior internal
articular

Superior external
articular

divides into a lumbar and

an

iliac

The

branch.

lumbar branch
the Psoas and
Quadratus lumborum musanastomosing with
cles,
the last lumbar artery, and
sends a small spinal branch through the intervertebral foramen, between the
last lumbar vertebra and the sacrum, into the spinal canal, to supply the spinal
cord and its membranes.
The iliac branch descends to supply the Iliacus muscle some offsets, running
Inferior muscular

supplies

;
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between the muscle and the bone, anastomose with the ihac branch of the
one of these enters an obHque canal to supply the diploe, whilst others
run along the crest of the ilium, distributing branches to the gluteal and
abdominal muscles, and anastomose in their course with the gluteal, circumflex
iliac, and external circumflex arteries.
The Lateral Sacral Arteries (fig. 412) are usually two in number on each side,
obturator

;

superior and inferior.

The superior, w^hich is of large size, passes inwards, and, after anastomosing
with branches from the middle sacral, enters the first or second anterior sacral
foramen, is distributed to the contents of the sacral canal in the same manner as
the lateral spinal branches from the vertebral, and escaping by the corresponding
posterior sacral foramen, supplies the skin and muscles on the dorsum of the
sacrum, anastomosing with the gluteal.
The inferior passes obliquely across the front of the Pyriformis muscle and
sacral nerves to the inner side of the anterior sacral foramina, descends on the
front of the sacrum, and anastomoses over the coccyx with the sacra media and
opposite lateral sacral artery.
In its course it gives off branches, which enter
the anterior sacral foramina these, after giving off branches to be distributed to
the contents of the sacral canal in the same manner as the lateral spinal branches
from the vertebral, escape by the posterior sacral foramina, and are distributed
to the muscles and skin on the dorsal surface of the sacrum, anastomosing with
;

the gluteal.

The Grliiteal Artery is the largest branch of the internal iliac, and appears to
be the continuation of the posterior division of that vessel. It is a short, thick
trunk, which passes out of the pelvis above the upper border of the Pyriformis
muscle, and immediately divides into a superficial and deep branch.
Within the
pelvis, it gives off a few muscular branches to the Iliacus, Pyriformis, and
Obturator internus, and just previous to quitting that cavity, a nutrient artery,
which enters the ilium.
The superficial branch passes beneath the Gluteus maximus, and divides
into numerous branches, some of which supply that muscle, whilst others perforate its tendinous origin, and supply the integument covering the posterior
surface of the sacrum, anastomosing with the posterior branches of the sacral
arteries.

The deep branch runs between the Gluteus medius and minimus, and

sub-

Of these, the superior division, continuing the original course
of the vessel, passes along the upper border of the Gluteus minimus to the
anterior superior spine of the ilium, anastomosing with the circumflex iliac and

divides into two.

ascending branches of the external circumflex artery.
The inferior division
crosses the Gluteus minimus obliquely to the trochanter major, distributingbranches to the Glutei muscles, and inosculates with the external circumflex
artery.
Some branches pierce the Gluteus minimus to supply the hip-joint.

—

The position of the three main branches of the internal iliac, the
internal pudic, and gluteal, wliicli may occasionally be the object of surgical interference, is indicated on the surface in the following way
a line is to be drawn from the
posterior superior ihac spine to the posterior superior angle of the great trochanter, with
the limb shglitly flexed and rotated inwards the point of emergence of the gluteal artery
from the upper part of the sciatic notch will correspond with the junction of the upper
with the middle third of this line.
second line is to be drawn from the same point to
the middle of the tuberosity of the ischium
the junctien of the lower with the middle
third marks the point of emergence of the sciatic and jpuclic arteries from the great
sciatic notch.
Surgical Anatomy. Any of these three vessels may require ligaturing for a wound or
for aneurism, which is generally traumatic, and the operation may be performed by an
incision, three or four inches long, in the direction of the fibres of the Gluteus maximus
muscle, the middle of the cut corresponding to the point mdicating their respective
Surface MarJiing.

sciatic,

:

:

A

;

—

positions.
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External Iliac Artery

(fig.

412)

The external iliac artery is larger in the adult than the internal iliac, and
passes obliquely downwards and outwards along the inner border of the Psoas
muscle, from the bifurcation of the common iliac to Poupart's ligament, where it
enters the thigh and becomes the femoral artery.
In front, with the peritoneum, subperitoneal areolar tissue, the
Eelations,
termination of the ileum on the right side, and the sigmoid flexure on the left,
and a thin layer of fascia, derived from the iliac fascia, which surrounds the
At its origin it is occasionally crossed by the ureter. The
artery and vein.
spermatic vessels descend for some distance upon it near its termination, and it
is crossed in this situation by the genital branch of the genito-crural nerve and
the vas deferens curves down along its inner side.
the circumflex iliac vein
Behmcl, it is in relation with the external iliac vein, w^hich, at Poupart's ligament,

—

;

lies at its

inner side

;

on the

left side

the vein

is

altogether internal to the artery.

Psoas muscle, from which it is separated by
the iliac fascia. The artery rests upon this muscle, near Poupart's ligament.
Numerous lymphatic vessels and glands are found lying on the front and inner
Externally,

it

rests against the

side of the vessel.

Plan of the Eelations of the External Iliac Artery
In front.
Near

/

Poupart's

Ligament

I

!

I

Outer

Peritoneum, intestines, and fascia.
Spermatic vessels.
Genito-criu-al nerve (genital branch).
Circumflex iliac vein.

Lymphatic

side.

vessels

and glands.

Inner

\

I

side.

External

Psoas magnus.
Iliac fascia.

\

I

1

iiiac.

I

External

/

\,

vein and vas deferens
at femoral arch.

iliac

Behind.
External iliac vein.
Psoas magnus.

—
—

Surface Marking. The surface line indicating the course of tlie external iHac artery
has been already' given (see page 632).
Surgical Anatomy. The apphcation of a ligature to the external iliac may be required
This vessel may
in cases of anetn-ism of the femoral artery, or for a wound of the artery.
be secured in anj^ part of its course, excepting near its upper end, whicli is to be avoided
on account of the proximity of the great stream of blood in the internal iliac, and near its
lower end, which should also be avoided, on account of the proximity of the epigastric and
circumflex iliac vessels. The patient having been placed in the supine position, an incision
sliould be made, commencing below at a point about three-quai-ters of an inch above
Poupart's ligament, and a little external to its middle, and running upwards and outwards, parallel to Poupart's ligament, to a point one inch internal and one inch above
the anterior superior spine of the ilium. "When tlie artery is deeply seated, more room will
be reqxiired, and maj' be obtained by curving the incision from the point last named
inwards towards the umbilicus for a short distance. Another mode of ligaturing tlie vessel
is the plan advocated by Sir Astley Cooper, by making an incision close to Poupart's ligament from about half an inch outside the external abdominal ring to one inch internal to
tlie anterior superior spine of the ilium.
This incision, being made in the course of the
fibres of the aponeurosis of the external oblique, is less likely to be followed hy a ventral
liernia, but there is danger of wounding the epigastric artery, and only the lower end of
the vessel can be ligatured. Abernethy, who first tied this artery, made his incision in the
course of tlie vessel.
The abdominal muscles and transversalis fascia having been
cautiously divided, the peritoneum should be separated from the iliac fossa and raised
towards the pelvis and on introducing the finger to the bottom of the wound the artery
may be felt pulsating along the inner border of the Psoas muscle. The external iliac vein
;
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generally found on the inner side of the artery, and must be cautiously separated from
by the finger-nail, or handle of the knife, and the aneurism needle should be introduced
on the inner side, between the artery and vein.
Ligature of the external iliac artery has recently been performed by a transperitoneal
method. An incision four inches in length is made in the semilunar line, commencing
about an inch below the umbilicus, and carried through the abdominal wall into the
The intestines are then pushed upwards and held out of the way by a
peritoneal cavity.
broad abdominal retractor, and an incision made through the peritoneima at the margin
the vessel is secured in any part of its course
of the pelvis in the course of the artery
which may seem desirable to the operator. The advantages of this operation appear to be,
is
it

;

found necessary the common iliac artery can be ligatured instead of the external
without extension or modification of the incision and secondly, that the vessel can
be ligatured without in any way interfering with the coverings of the sac. Possibly a
disadvantage may exist in the greater risk of hernia after this method.
Collateral Circulation. ^The principal anastomoses in carrying on the collateral
that

if it is

iliac

;

—

—

circulation, after the application of a ligature to the external iliac, are
the ilio-lumbar
with the circumflex iliac the gluteal with the external circumflex the obturator with the
internal circumflex the sciatic with the superior perforating and circumflex branches of
;

;

;

the profunda artery and the internal pudic with the external pudic. When the obturator
arises from the epigastric, it is supplied with blood by branches, either from the internal
iliac, the lateral sacral, or the internal pudic.
The epigastric receives its supply fi-om the
internal mammary and inferior intercostal arteries, and from the internal iliac by the
anastomoses of its branches with the obturator.
In the dissection of a limb, eighteen years after the successful ligature of the external
iliac artery, by Sir A. Cooper, which is to be found in Guy's Hospital Eeports, vol. i. p. 50,
the anastomosing branches are described in three sets An anterior set. -i.
very large
branch from the ilio-lumbar artei'y to the circumflex iliac 2. another branch from the
ilio-lumbar, joined by one from the obturator, and breaking up into numerous tortuous
branches to anastomose with the external circiunflex 3. two other branches from the
obturator, which passed over the brim of the pelvis, communicated with the epigastric,
and then broke up into a plexus to anastomose with the internal circumflex. An internal
set.
Branches given off from the obturator, after quitting the pelvis, which ramified
among the adductor muscles on the inner side of the hip-joint, and joined most freely with
i. Three large branches from the
branches of the internal circumflex.
j^osterior set.
gluteal to the external circumflex
2. several branches from the sciatic around the great
sciatic notch to the internal and external circumflex, and the perforating branches of the
profunda.
;

—

:

A

;

;

—

A

—

;

—

Branches. Besides several small branches to the Psoas muscle and the
neighbouring lymphatic glands, the external iliac gives off two branches of
considerable size, the

Deep Epigastric and Deep Circumflex

Iliac.

The Deep Epigastric Artery arises from the external iliac, a few lines above
Poupart's ligament. It at first descends to reach this ligament, and then ascends
obliquely along the inner margin of the internal abdominal ring, lying between
the transversalis fascia and peritoneum, and, continuing its course upwards, it
pierces the transversalis fascia, and, passing over the semilunar fold of Douglas,
enters the sheath of the Pectus muscle. It then ascends on the posterior surface
of the muscle, and finally divides into numerous branches, which anastomose,
above the umbilicus, with the terminal branches of the internal mammary and
(fig. 401).
The deep epigastric artery bears a very
important relation to the internal abdominal ring as it passes obliquely upwards
and inwards from its origin from the external iliac. In this part of its course
it lies along the lower and inner margin of the ring, and beneath the commencement of the spermatic cord. As it winds round the internal abdominal
ring, it is crossed by the vas deferens in the male and the round ligament in the

inferior intercostal arteries

female.

—

Branches. The branches of this vessel are the following the cremasteric,
which accompanies the spermatic cord, and supplies the Cremaster muscle
and other coverings of the cord, anastomosing with the spermatic artery a
imhic branch, which runs along Poupart's ligament, and then descends behind
the OS pubis to the inner side of the femoral ring, and anastomoses with offsets
from the obturator artery muscular branches, some of which are distributed to
:

;

;
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the abdominal muscles and peritoneum, anastomosing with the lumbar and
circumflex iliac arteries others perforate the tendon of the External oblique,
and supply the integument, anastomosing with branches of the superficiaJ
:

epigastric.

—

The origin of the epigastric may take place from any part of the external
between Poupart's ligament and two inches and a half above it or it may arise below
this ligament, from the femoral, or from the deep femoral.
Union ivith hranches. It frequently arises from the external iliac, by a common trunk
with the obturator. Sometimes the epigastric arises from the obturator, the latter vessel
being fiu-nished by the internal iliac, or the epigastric maybe formed of two branches, one
derived from the external iliac, the other from the internal ihac.
Surgical Anatomy. The deep epigastric artery follows a line drawn from the middle
of Poupart's ligament towards the umbilicus but shortly after this line crosses tiie linea
semilunaris, the direction changes, and the course of the vessel is directly upwards in the
It has
line of junction of the inner third witli the outer two-thirds of the Rectus muscle.
iinportant surgical relations, in addition to the fact that it is one of the principal means,
through its anastomosis with the internal mammary, in establishing the collateral
Peculiarities.

iliac

;

—

—

;

It lies close to
circulation after ligature of either the coinmon or external iliac arteries.
the internal abdominal ring, and is therefore internal to an oblique inguinal hernia, but
external to a direct inguinal hernia, as it einerges from the abdomen. It forms the outer
bormdary of Hesselbach's triangle. It is in close relationship with the spermatic cord,
which lies in front of it in the inguinal canal, separated only by the transversalis fascia.
The vas deferens hooks romid its outer side.

The Deep Circumflex

Iliac Artery arises from the outer side of the" external
nearly opposite the epigastric artery.
Its ascends obliquely outwards
behind Poupart's ligament, contained in a fibrous sheath formed by the junction
of the transversalis and iliac fascise, to the anterior superior spinous process of
the ilium.
It then runs along the inner surface of the crest of the ilium to
about its middle, where it pierces the Transversalis, and runs backwards
iliac

between that muscle and the Internal oblique, to anastomose with the iliolumbar and gluteal arteries. Opposite the anterior superior spine of the ilium
it gives off a large branch, which ascends between the Internal oblique and
Transversalis muscles, supplying them, and anastomosing with the lumbar and
epigastric arteries.

AETEEIES OF THE LOWEE EXTEEMITY
The

which supplies the greater part

of the lower extremity is the
continues as a single trunk from
Poupart's ligament to the lower border of the Popliteus muscle, and here divides
into two branches, the anterior and posterior tibial, an arrangement exactly
similar to what occurs in the upper limb.
For convenience of description, the
upper part of the main trunk is named femoral, the lower part popliteal.

artery

direct continuation of the external iliac.

It

Femoral Artery

(fig.

417)

The femoral artery commences immediately behind Poupart's ligament,
midway between the anterior superior spine of the ilium and the symphysis
pubis, and, passing down the fore part and inner side of the thigh, terminates
at the opening'in the iVdductor magnus, at the junction of the middle with the
lower third of the thigh, where it becomes the pophteal artery. The vessel, at
the upper pari; of the thigh, lies in front of the hip-joint, just on a line with the
innermost part of the head of the femur in the lower part of its course it is in
close relation with the inner side of the shaft of the bone, and between these
;

two

away from the bone. In the upper third of the
contained in a triangular space, called Scarpa's triangle. In the
middle third of the thigh it is contained in an aponeui'otic canal, called Hunter's
parts, the vessel is far

thigh

it

is

canal.

Scarpa's Triangle.

— Scarpa's

immediately below the fold

triangle corresponds to the depression

of the groin.

It is a triangular space, the

seen

apex

of

j

FEMOEAL
which

is
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directed downwards, and the sides formed externally by the Sartorius,
by the Adductor longus, and above by Poupart's ligament. The floor

internally

space is formed from without inwards by the Iliacus,
small part of the Adductor brevis and the Adductor longus
divided into tw^o nearly equal parts by the femoral vessels,
the middle of its base to its
apex: the artery giving off
Fig. 417.— The femoral
of the

Psoas, Pectineus, a

muscles and it is
which extend from
;

artery.

in this situation its cutaneous

and profunda branches, the
the
deep
receiving
vein
femoral and internal saphenous. On the outer side
of the femoral artery is the
anterior crural nerve divid-

ing into

its

branches. Beand nerves,

sides the vessels
this

space contains some

and lymphatics.

fat

—

Hunter's Canal. This is
the aponeurotic space in the
middle third of the thigh,
extending from the apex of
the
to
Scarpa's triangle

otiLin

femoral opening in the AdIt
ductor magnus muscle.
bounded, externally, by
is
interthe Vastus internus
nally, by the Adductor longus
;

and magnus muscles and
covered in by a strong
aponeurosis which extends
transversely from the Vastus
;

internus, across the femoral

ng saphenous

Adductor
longus and magnus muscles
lying on which aponeurosis
vessels

to

the

nerve

Anastomotica

;

magna

the Sartorius muscle. It
contains the femoral artery

is

and vein enclosed in their

own sheath

of areolar tissue,

the vein being behind and

on the

outer

side

of

the

Supetioi external

and the internal or
long saphenous nerve lying
artery

on the

outer

side

of

Anastoinotica

articioka

magna
Superior internal
articular

the

vessels.

For convenience

of

de-

Inferioi internal
aiticulai

scription and also in reference
to its surgical

femoral

Inferior internal
articular

anatomy, the

arter}^ is

divided into

a short trunk, about

Antei 101 tibial—
lecuiient

an inch

and a half or two inches
which is known as the common femoral

long,

artery,

and the remainder

of the

known

as the superficial femoral, to distinguish it from the deep femoral
(profunda femoris) a large branch given off from the common femoral at its

vessel,

;

termination, and

mencement

which by

its

of the superficial

derivation from the parent trunk

femoral artery.

marks the com-
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The common femoral artery

is

very superficial, being covered by the skin and

superficial fascia, superficial inguinal lymphatic glands, the iliac portion of the

and the prolongation downwards of the Transversalis fascia, which
forms the sheath of the vessels. It has in front of it filaments from the crural
branch of the genito-crural nerve, the superficial circumflex iliac vein, and
It rests on the inner margin of the
occasionally the superficial epigastric vein.
Psoas muscle, which separates it from the capsular ligament of the hip-joint, and
and crossing behind it is the branch to
a little lower on the Pectineus muscle
Separating the artery from the
the Pectineus from the anterior crural nerve.
Psoas and Pectineus muscles is the pubic portion of the fascia lata and the
prolongation from the fascia covering the Iliacus muscle which forms the
The anterior crural nerve lies about
posterior layer of the sheath of the vessels.
half an inch to the outer side of the common femoral artery, lying between the
Psoas and Iliacus muscles. To the inner side of the artery is the femoral vein,
between the margins of the Pectineus and Psoas muscles. The two vessels are
enclosed in a strong fibrous sheath, formed by the proper sheath of the vessels,
strengthened by the fascia lata (see page 512); the artery and vein are separated,
however, from one another by a thin fibrous partition.
fascia lata,

;

Plan of Eelations of the Common Femobal Artery
In front.
Skin and superficial fascia.
Siiperficial inguinal glands.

Iliac portion of fascia lata.

Prolongation of transversalis fascia.
Crural branch of genito-crural nerve.
Superficial circumflex iliac vein.
Superficial epigastric vein.

Inner
-n

side.
1

I

Common

\

Femoral.

•

p emorai vem.

I

Outer

side.

.

Artery.

I

Anterior crural nerve.

Behind.
Prolongation of fascia covering
Pubic portion of fascia lata.

Nerve

IliaciTS

muscle.

to Pectineus.

Psoas muscle.
Pectineus mviscle.
Capsule of hip-joint.

The

superficial femoral artery is

only superficial where it lies in Scarpa's
covered by the skin, superficial and deep fascia, and crossed
by the internal cutaneous branch of the anterior crural nerve. In Hunter's
canal it is more deeply seated, being covered by the integument, the superficial
and deep fascia, the Sartorius and aponeurotic covering of Hunter's canal. The
internal saphenous nerve crosses the artery from without inwards.
Behind, the
artery lies at its upper part on the femoral vein and the profunda artery and vein,
which separate it from the Pectineus muscle, and lower down on the Adductor
longus and Adductor magnus muscles. To the outer side is the long saphenous
nerve and the nerve to the Vastus internus the Vastus internus muscle and, at
its lower part, the femoral vein.
To the inner side is the Adductor longus above,
triangle.

Here

it is

;

and the Adductor magnus and Sartorius below.

;,
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Plan of Eelations of the Superficial Femoral Arteby
In front.
Skin, superficial and deep fasciae.
Internal cutaneous nerve.
Sartorius.
Aponeurotic covering of Hunter's canal.
Internal saphenous nerve.

Inner

Outer

side.

side.

Adductor longus.
Adductor magnus.

Long saphenous

Sartorius.

Vastus

Nerve

to

nerve.

Vastus internus.

interniTs.

Femoral vein

(below).

Behind.

Femoral vein.
Profunda artery and

vein.

Pectineus nauscle.

Adductor longus.
AddiTctor magnus.

The femoral vein
artery, separated

behind

it,

at Poupart's

from

and then

it

ligament

lies close to

by a thin fibrous partition

;

the inner side of the
but,

lower down,

it

is

to its outer side.

The internal saphenous nerve is situated on the outer side of the artery, in the
middle third of the thigh, beneath the aponeurotic covering of Hunter's canal
but not usually within the sheath of the vessels. The internal cutaneous nerve
passes obliquely across the upper part of the sheath of the femoral artery.

—

—

Double femoral reunited. Several cases are recorded in which the
Peculiarities.
femoral artery divided into two trunks below the origin of the profunda, and became
reunited near the opening in the Adductor magnus, so as to form a single popliteal artery.
One of them occurred in a patient operated upon for popliteal aneiirism.
Change of Position. A few cases have been recorded in which the femoral artery
was situated at the back of the thigh, the vessel being continuous above with the internal
iliac, escaping from tlie pelvis through the great sacro-sciatic foramen, and accompanying
the great sciatic nerve to the popliteal space, where its division occmred in the usual
manner. The external iliac in these cases was small, and terminated in the profi;nda.
Position of the Vein. The femoral vein is occasionally placed along the inner side of
or it may be slit so that a
the artery, throughout the entire extent of Scarpa's triangle
large vein is placed on each side of the arterj^ for a greater or less extent.
Orighi of the Profunda. This vessel occasionally arises from the inner side, and, more
but the more important peculiarity, in a
rarelj^ from the back of the common trunk
surgical point of view, is that which relates to the height at which the vessel arises from
the femoral. In three-fourths of a large number of cases it arose between one or two
inches below Poupart's ligament in a few cases the distance was less than an inch
more rarely, opposite the ligament and in one case above Poupart's ligament, from
the external iliac. Occasionally, the distance between the origin of the vessel and
Poupart's ligament exceeds two inches, and in one case it was found to be as much as four

—

—

;

—

;

;

;

;

inches.

—

Surface Marking. Tlie upper two-thirds of aline drawn from a point midway between
the anterior superior spine of the ilium and the symphysis pubis to the prominent tuberosity on the inner condyle of the femur, with the thigh abducted and rotated oiitwards
wiU indicate the course of the femoral artery.
Surgical Anatomy. Compression of the femoral arterj', which is constantly requisite
in amputations and other operations on the lower limb, and also for the cure of popliteal
aneurism, is most effectually made immediately below Poupart's ligament. In this
situation the artery is very superficial, a,nd is merely separated from the horizontal ramus
of the OS pubis by the Psoas miTscle
so that the surgeon, by means of his thumb or a
compressor, may effectually control the circulation through it. This vessel may also be
compressed in the middle third of the thigh by xjlacing a compress over the artery, beneath
the tourniquet, and directing the pressvire from within outwards, so as to compress the
vessel against the inner side of the shaft of the femur.
The apijlication of a ligature to the femoral artery may be required in cases of

—

;
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or aneurism of the arteries of the leg, the popliteal or femoral * and the vessel
be exposed and tied in anj' part of its course. The great depth of this vessel at its
lower part, its close connection with important structures, and the density of its sheath,
render the operation in this situation one of much greater difficulty than the application
of a ligature at its upper part, where it is more superficial.
Ligature of the common femoral artery is usually considered unsafe, on account of
the connection of large branches with it viz. the deep epigastric and the deep circumflex
iliac arising just above Poupart's ligament; on account of the number of small branches
which arise from it, in its short course, and on accotmt of the uncertainty of the origin of
the profunda femoris, which, if it arise high up, would be too close to the ligature for the
formation of a firm coagulum. The profunda sometimes arises higher than the point
above mentioned, and rarelj^ between two or three inches (in one case four) below
Poupart's ligament. It would appear, then, that the most favourable situation for the
application of a ligature to the femoral is between four and five inches from its point of
origin. In order to expose the artery in this situation, an incision, between three and four
inches long, should be made in the course of the vessel, the patient lying in the recumbent
position, with the limb slightly flexed and abducted, and rotated outwards. A large vein is
frequently met with, passing in the course of the artery to join the internal saphenous vein
this must be avoided, and the fascia lata having been cautiously divided, and the Sartorius
exposed, that muscle must be drawn outwards, in order to fully expose the sheath of the
The finger being introduced into the wound, and the pulsation of the artery felt,
vessels.
the sheath should be opened on the outer side of the vessel to a sufficient extent to allow
otherwise' the nutrition of the coats of
of the introduction of the ligatiu-e, but no further
the vessel may be interfered with, or muscular branches which arise from the vessel at
In this part of the operation the long saphenous nerve
irregular intervals may be divided.
and the nerve to the Vastus internus, which is in close relation with the sheath, should be
aA'oided.
The aneurism needle must be carefully introduced and kept close to the artery,
to avoid the femoral vein, which lies behind the vessel in this part of its course.
To expose the artery, in Hunter's canal, an incision should be made through the
integument, between three and four inches in length, a finger's breadth internal to the
i.e. midway between the groin and the
line of the artery, in the middle of the thigh
knee. The fascia lata having been divided, and the outer border of the Sartorius muscle
exposed, it should be drawn inwards, Avhen the strong fascia which is stretched across
from the Adductors to the Vastus internus will be exposed, and must be fi'eely divided
the sheath of the vessels is now seen, and must be opened, and the artery secured by
passing the aneurism needle between the vein and artery, in the direction from without
inwards. The femoral vein in this situation lies on the outer side of the artery, the long
saphenous nerve on its anterior and outer side.
It has been seen that the femoral artery occasionally divides into two trunks below the
origin of the profunda.
If, in the operation for tying the femoral, two A'essels are met
with, the surgeon should alternately compress each, in order to ascertain which vessel is
connected with the aneurismal tumour, or with the bleeding from the wound, and that
one only should be tied which controls the pulsation or haemorrhage. If, however, it is
necessary to compress both vessels before the circulation in the tumour is controlled, both
should be tied, as it would be probable that they became reunited, as in the instances
referred to above.
In wounds of the femoral arterj' the question of the mode of treatment is of considerable
importance. If the wound in the superficial structures is a large one, the injin-ed vessel
must be exposed and tied but if the wound is a punctured one and the bleeding has
ceased, the question will arise whether to cut down upon the artery or to trust to
pressure.
Mr. Cripps t advises, that if the wound is in the upper part of the thigh that
is to say,,in a position where the femoral artery is comparatively superficial
the surgeon
may enlarge the opening with a good prospect of finding the wounded vessel without an
extensive or prolonged operation. If the wound be in the lower half of the thigh, owmg
to the greater depth of the artery, and the possibilit.y of its being the popliteal that is
wounded, the search is rendered a far more severe and hazardous operation, and it should
not be undertaken until a thorough trial of pressure has proved ineffectual.'
Great care and attention are necessary for the successful application of pressure. The
limb should be carefully bandaged from the foot upwards to the wornid, which is not
covered, and then onwards to the groin.
The wound is then dusted with iodoform or
boracic powder, and a conical pad applied over it.
Kellers the thickness of the index
finger are then placed along the course of the vessel above and below the wound, and the
whole carefully bandaged to a back splint with a foot-piece.
Collateral Circidation. When the common femoral is tied, the main channels for
carrying on the circulation are the anastomoses of the gluteal and circumflex iliac arteries
above with the external circrtmflex below of the obturator and sciatic above with the
internal circumflex below and of the comes nervi ischiadici with the arteries in the ham.

wound

;

may

:

;

;

;

;

'

—

—

—

;

;

* Ligature of the femoral artery has been also recommended and performed for
elephantiasis of the leg and acute inflammation of the knee-joint.
Maimder, Clin. Soc.
Trans., vol. ii. p. 37.

—

t Heath's Dictionary of Practical Surgery, vol.

i.

p. 525.
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The

principal agents in carrying on the collateral circulation after ligature of the superfemoral artery are, according to Sir A. Cooper, as follows
The arteria profunda formed the new channel for the blood.'
The first artery sent
off passed down close to the back of the thigh-bone, and entered the two superior articular
branches of the popliteal artery.'
The second new large vessel, arising from the profunda at the same part with the
former, passed down hy The inner side of the Biceps muscle, to a branch of the popliteal
which was distributed to the Gastrocnemius muscle whilst a third artery, dividing into
several branches, passed down with the sciatic nerve behind the knee-joint, and some of
its branches united with the inferior articular arteries of the popliteal, with some recurrent
branches of those arteries, with arteries passing to the Gastrocnemius, and, lastly, with the
ficial

:

'

'

'

;

origin of the anterior and posterior tibial arteries.'
It appears then that it is those branches of the profunda Avhich accompany the sciatic
nerve that are the principal supporters of the new circulation.' *
In Porta's work t (tab. xii. xiii.) is a good representation of the collateral circulation
after ligature of the femoral artery.
The patient had survived the operation three
years.
The lower part of the artery, is at least as large as the upper; about two inches
of the vessel apj)ear to have been obliterated.
The external and internal circumflex
arteries are seen anastomosing by a great number of branches with the lower branches
of the femoral (muscular and anastomotica magna), and -^ith the articular branches
of the popliteal.
The branches from the external circumflex are extremely large and
numerous. One very distinct anastomosis can be traced between this artery on the outside
and the anastomotica magna on the inside, through the intervention of the superior
external articular artery, with which they both anastomose and blood reaches even the
anterior tibial recurrent from the external circumflex by means of anastomosis with the same
external articular arterJ^ The perforating branches of the profunda are also seen bringing
blood round the obliterated portion of the artery into long branches (muscular) which
have been given off just below that portion. The termination of the profunda itself
anastomoses most freely with the superior external articular.
long branch of anastomosis is also traced down from the internal iliac by means of the comes nervi ischiadici
of the sciatic which anastomoses on the popliteal nerves with branches from the popliteal
and posterior tibial arteries. In this case the anastomosis had been too free, since the
pulsation and growth of the aneurism recurred, and the patient died after ligatuxe of the
external iHac.
There is an interesting preparation in the Museum of the Eoyal College of Surgeons
of a limb on which John Hunter had tied the femoral arterj' fifty years before the imtient's
death.
The whole of the superficial femoral and popliteal arterj- seems 10 have been
obHterated. The anastomosis by means of the comes nervi ischiadici, which is shown
in Porta's plate, is distinctly seen: the external circumflex, and the termination of the
profunda artery, seem to have been the chief channels of anastomosis but the injection
has net been a very successful one.
'

;

A

;

Branches.

— The branches

of the

femoral artery

are, the

Superficial Epigastric.
Superficial Circumflex Iliac.

Profunda

Superficial External Pudic.

-

[External Circumflex.
Internal Circumflex.
(Three Perforating.

Deep External Pudic.

Muscular.
Anastomotica Magna.

The superficial epigastric arises from the femoral, about half an inch below
Poupart's ligament, and, passing through the saphenous opening in the fascia
lata, ascends .on to the abdomen, in the superficial fascia covering the External
obhque muscle, nearly as high as the umbilicus. It distributes branches to the
superficial inguinal glands, the superficial fascia, and the integument, anastomosing with branches of the deep epigastric.
The superficial circumflex iliac, the smallest of the cutaneous branches, arises
close to the preceding, and, piercing the fascia lata, runs outwards, parallel with
Poupart's ligament, as far as the crest of the ilium, dividing into branches which
supply the integument of the groin, the superficial fascia, and the superficial
inguinal lymphatic glands, anastomosing with the deep circumflex iliac, and with
the gluteal and external circumflex arteries.
The superficial external pudic (superior) arises from the inner side of the
femoral artery, close to the preceding vessels, and, after passing through the
saphenous opening, courses inwards, across the spermatic cord or round ligament,
to be distributed to the integument on the lower part of the abdomen, the penis
*
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and scrotum in the male, and the labium in the female, anastomosing with
branches of the internal pudic.
The deep external pudic (inferior), more deeply seated than the preceding,
passes inwards across the Pectineus and Adductor longus muscles, covered by
the fascia lata, which it pierces at the inner border of the thigh, its branches
being distributed, in the male, to the integument of the scrotum and perinaeum
and in the female to the labium, anastomosing with branches of the superficial
;

perineal artery.
Fig. 418.

—Femoral artery and

its branches, showing profunda.
(From a preparation
Hunterian Museum, Roj'al College of Surgeons.)

in the
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femoris
Ext. circum-
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The Profunda Femoris
of the superficial femoral.

{deep femoral artery)

(fig.

418) nearly equals the size

from the outer and back part of the femoral
artery, from one to two inches below Poupart's ligament.
It at first hes on the
outer side of the superficial femoral, and then passes behind it and the femoral
vein to the inner side of the femur, and, passing downwards beneath the Adductor longus, terminates at the lower third of the thigh in a small branch, which
It arises
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pierces the Adductor magnus (and from this circumstance is sometimes called
the fourth perforating artery), and is distributed to the Flexor muscles on the
back of the thigh, anastomosing with branches of the popliteal and inferior

perforating arteries.

—Behind,

it lies first upon the Iliacus, and then on the Pectineus,
and Adductor magnus muscles. In front, it is separated from
the femoral artery, above by the femoral and profunda veins, and below^ by the
Adductor longus. On its outer side, the origin of the Vastus internus separates
it from the femur.

Relations.

Adductor

brevis,

Plan of Eelations of the Pbofunda Artery
In front.

Femoral and profunda

veins.

Adductor longus.

Outer

side.

Vastus internus.

Behind.
Iliacus.

Pectineus.

Adductor brevis.
Adductor magnus.

The profunda

gives off the following

External circumflex.

named branches

:

Three perforating.

Internal circumflex.

The External Circumflex Artery supplies the muscles on the
thigh.

It arises

from the outer side

front of the

of the profunda, passes horizontally out-

wards, between the divisions of the anterior crural nerve, and behind the Sartorius
and Eectus muscles, and divides into three sets of branches, ascending, transverse,
and descending.
The ascending branches pass upwards, beneath the Tensor vaginae femoris
muscle, to the outer side of the hip, anastomosing with the terminal branches of
the gluteal and deep circumflex iliac arteries.
The desce^iding branches, three or four in number, pass downwards, behind
the Eectus, upon the Vasti muscles to which they are distributed, one or two
passing beneath the Vastus externus as far as the knee, anastomosing with the
superior articular branches of the popliteal artery.
These are accompanied by
the branch of the anterior crural nerve to the Vastus externus.
The transverse branches, the smallest and least numerous, pass outwards over
the Crureus, pierce the Vastus externus, and wind round the femur to its back
part, just below the great trochanter, anastomosing at the back of the thigh with
the internal circumflex, sciatic, and superior perforating arteries.
The Internal Circumflex Artery, smaller than the external, arises from the
inner and back part of the profunda, and winds round the inner side of the femur,
between the Pectineus and Psoas muscles. On reaching the upper border of the
Adductor brevis, it gives off two branches, one of which passes inwards to be
distributed to the Adductor muscles, the Gracilis, and Obturator externus, anastomosing with the obturator artery the other descends, and passes beneath the
Adductor brevis, to supply it and the great Adductor while the continuation of
the vessel passes backwards, between the Quadratus femoris and upper border
of the Adductor magnus, anastomosing with the sciatic, external circumflex, and
superior perforating arteries (' the crucial anastomosis ').
Opposite the hip- joint,
this branch gives off an articular vessel, which enters the joint beneath the
;

;
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transverse ligament and, after supplying the adipose tissue, passes along the
to the head of the bone.
The Perforating Arteries (fig. 416), usually three in number, are so called
from their perforating the tendon of the Adductor magnus muscle to reach the
back of the thigh. The first is given off above the Adductor brevis, the second
;

round ligament

and the third immediately below it.
The first or superior perforating artery passes backwards between the Pectineus
it then pierces the
and Adductor brevis (sometimes perforates the latter)
Adductor magnus close to the linea aspera, and divides into branches which
supply the Adductor brevis, the Adductor magnus, the Biceps, and Gluteus
maximus muscle anastomosing with the sciatic, internal and external circumin front of that muscle,

;

;

flex,

and middle perforating

The second

arteries.

or middle perforating artery, larger than the

first,

pierces the

tendons of the Adductor brevis and Adductor magnus muscles and divides into
ascending and descending branches, which supply the flexor muscles of the thigh,
anastomosing with the superior and inferior perforating. The nutrient artery of
the femur is usually given off from this branch.
The third or inferior perforating artery is given ofi' below the Adductor
brevis
it pierces the Adductor magnus, and divides into branches which supply
anastomosing above with the perforating arteries,
the flexor muscles of the thigh
and below with the terminal branches of the profu.nda and the muscular
branches of the popliteal.
Muscular branches are given off from the superficial femoral throughout its
entire course.
They vary from two to seven in number, and supply chiefly the
Sartorius and Vastus internus.
The Anastomotica Magna (fig. 419) arises from the femoral artery just before
it passes through the tendinous opening in the Adductor magnus muscle, and
immediately divides into a superficial and deep branch.
The siiioerfi^cial branch pierces the aponeurotic covering of Hunter's canal,
and accompanies the long saphenous nerve to the inner side of the thigh. It
passes between the Sartorius and Gracilis muscles, and, piercing the fascia lata,
is distributed to the integument of the upper and inner part of the leg, anastomosing with the inferior internal articular.
The deep branch descends in the substance of the Vastus internus, lying in
front of the tendon of the Adductor magnus, to the inner side of the knee, where
it anastomoses with the superior internal articular artery and anterior recurrent
branch of the anterior tibial. A branch from this vessel crosses outwards above
the articular surface of the femur, forming an anastomotic arch with the superior
external articular artery, and supplies branches to the knee-joint.
;

;

;

Popliteal Akteey

The popliteal artery commences at the termination of the femoral at the
opening in the Adductor magnus, and, passing obliquely downwards and outwards
behind the knee-joint to the lower border of the Popliteus muscle, divides into
the anterior and piosterior tibial arteries. A portion of the artery lies in the
popliteal space
but above and below, to a considerable extent, it is covered by
the muscles which form the boundaries of the space, and is therefore beyond the
;

confines of the hollow.

The Popliteal Space

(fig.

420)

—

Dissection.
A vertical incision about eight inches in length should be made along the
back part of the knee-joint, connected above and below by a transverse incision from
the inner to the outer side of the limb. The flaps of integument included between these
incisions should be reflected in the direction shown in fig. 366, p. 519.

Boundaries. The popliteal space, or the ham, is a lozenge-shaped space,
widest at the back part of the knee-joint, and deepest above the articular end of

POPLITEAL
bounded
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by the Biceps, and, below
and external head of the Gastrocnemius. Internally,
above the joint, by the Semimembranosus, Semitendinosus, Gracilis, and
Sartorius
below the joint, by the inner head of the Gastrocnemius.
Above, it is limited by the apposition of the inner and outer hamstring
muscles below, by the junction of the two heads of the Gastrocnemius. The
the femur.

It is

externally, above the joint,

the joint, by the Plantaris

;

;

Fig. 419.

— Side view of the popliteal artery.
Museum, Eoyal

(From a preparation in the Hiuiterian
College of Snrgeons.)

Femoral artery

hiastoinoiica

magna

Long'^japht nous
nerve

Long saphenous ^_
nerve

formed by the lower part of the posterior surface of the shaft of the femur,
the posterior ligament of the knee-joint, the upper end of the tibia, and the fascia,
covering the Pox^liteus muscle, and the space is covered in by the fascia lata.
Contents.
It contains the popliteal vessels and their branches, together with
the termination of the external saphenous vein, the internal and external popliteal
nerves and some of their branches, the loWer extremity of the small sciatic
floor is
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articular branch from the obturator nerve, a few small lymphatic
and a considerable quantity of loose adipose tissue.

nerve, the
glands,

—

The internal popliteal nerve descends in the
Position of contained parts.
middle line of the space, lying superficial and crossing the artery from without
inwards. The external popliteal nerve descends on the outer side of the space,
More deeply at the bottom of
lying close to the tendon of the Biceps muscle.
the space are the popliteal vessels, the vein lying superficial to the artery, to
it lies at first to the outer side
it is closely united by dense areolar tissue
sometimes the
of the artery, and then crosses it to gain the inner side below
vein is double, the artery lying betw^een the two venae comites, which are
More deeply, and, at its upper
usually connected by short transverse branches.

which

;

;

and passing off from
branch from the
and
obturator nerve descends upon the popliteal artery to supply the knee
occasionally there is found deep in the space an articular filament from the great
The popliteal lymphatic glands, four or five in number, are found
sciatic nerve.

part, close to the surface of the bone, is the popliteal artery,
it

at

right angles are its articular branches.

The

articular

;

one usually lies
and the bone and the

surrounding the artery

:

superficial to the vessel

;

another

is

on either side of it.
The Popliteal Artery, in its course downwards from the aperture in the
Adductor magnus to the lower border of the Popliteus muscle, rests first on the
inner surface of the femur, and is then separated by a little fat from the hollowed
in the middle of its course, it rests on the posterior
popliteal surface of the bone
ligament of the knee-joint and below, on the fascia covering the Popliteus
in the
muscle. Superficially, it is covered above by the Semimembranosus
middle of its course, by a quantity of fat, which separates it from the deep fascia
and integument and below, it is overlapped by the Gastrocnemius, Plantaris,
and Soleus muscles, the popliteal vein, and the internal popliteal nerve. The
popliteal vein, which is intimately attached to the artery, lies superficial and
it then crosses it and lies to its inner side.
The popliteal
external to it above
nerve is still more superficial and external above, but below the joint it crosses
the artery and lies on its inner side. Laterally, the artery is bounded by the
muscles which are situated on either side of the popliteal space.
situated between

it

;

rest are placed

;

;

;

:

;

Plan of Relations of the Popliteal Abteey
In front.
Femur.
Ligamentuni posticum.
Popliteus.

Inner

Older

side.

Semimembranosus.

side.

Biceps.
Outer condyle.

Internal condyle.
Gastrocnemius (inner head).

Gastrocnemius (outer head).
Plantaris.

Behind.

Semimembranosus.
Fascia.
Popliteal vein.
Internal popliteal nerve.

Gastrocnemius.
Plantaris.
Soleus.

Peculiarities in j^oint of Division.

maturely into
the l^nee-joint.

its

terminal branches

—

;

— Occasionally

this

the

popliteal

artery divides pre-

unusual division occurs most frequently opposite

Unusual Branches. The artery sometimes divides into the anterior tibial and peroneal,
the posterior tibial being wanting, or very small.
Occasionally the popliteal is found to
divide into three branches, the anterioi' and posterior tibial, and peroneal.
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Surface Mai'Jiing. The coui-se of the ripper part of the pophteal artery is indicated by
drawn from the outer border of the Semimembranosus muscle at the junction of the
middle and lower third of the thigh obliquely downwards to the middle of the popliteal
space exactlj^ behind the knee-jomt. From this point; it passes vertically downwards to
the level of a line drawn through the lower part of the tubercle of the tibia.
Surgical Anatomy. The popliteal arterj' is not infrequently the seat of injury. It
a Hne

—

may

be torn hj direct violence, as by the passage of a cart-wheel over the knee, or by
hyper-extension of the knee and in the dead body, at all events, the middle and internal
It may also be lacerated by fracture of the
coats may be ruptmed by extreme flexion.
lower part of the shaft of the femur, or by antero-posterior dislocation of the knee-joint.
It has been torn in breaking down adhesions in cases of fibrous ankylosis of the knee,
and is in danger of being wounded, and in fact has been wounded, in performing
Macewen's operation of osteotomy of the lower end of the femur for genu valgum. In
addition, Spencer records a ease in which the popliteal artery was woimded from in front
by a stab just below the knee, the knife passing through the interosseous space. The
popliteal artery is more fi'equently the seat of aneurism than is any other artery in the
This is due no doubt in a great measure
body, with the exception of the thoracic aorta.
to the amount of movement to which it is subjected, and to the fact that it is supported by
loose and lax tissue only, and not by muscles as is the case with most arteries.
Ligatme of the popliteal artery is required in cases of wound of that vessel, but for
aneiuism of the posterior tibial, it is preferable to tie the siiperficial femoral. The
pophteal may be tied in the upper or lower part of its course but in the middle of the
ham the operation is attended with considerable difficulty, from the great depth of the
artery, and from the extreme degree of tension of the lateral boundaries of the space.
In order to expose the vessel in the upper part of its course, the patient should be
placed in the prone position, with the limb extended. An incision about three inches in
length should then be made through the inte.girment, along the posterior margin of the
Semimembranosus, and the fascia lata having been divided, this muscle must be drawn
inwards. The internal pop)liteal nerve will be first exposed, lying very superficial and
external to the artery beneath this will be seen the popliteal vein, and still deeper, and
to its inner side, the artery.
The vein and nerve must be cautiously separated from the
artery, and the aneurism needle passed around the vessel fi-om without inwards.
To expose the vessel in the lower part of its course, where the artery lies between the
two heads of the Gastrocnemius, the patient should be placed in the same position as in
the preceding operation. i\.n incision should then be made through the integument in the
middle line, commencing opposite the bend of the knee-joint, care being taken to avoid the
external saphenous vein and nerve. After dividmg the deep fascia, and separating some
dense cellular membrane, the artery, vein, and nerve will be exposed, descending between
the tv."o heads of the Gastrocnemius.
Some muscular branches of the popliteal should be
avoided if possible, or, if divided, tied immediately. The leg being now flexed, in order
the more effectually to separate the two heads of the Gastrocnemius, the nerve should be
drawn inwards and the vein outwards, and the aneurism needle passed between the artery
and vein from without inwards.
In cases where the artery has been wounded during an osteotomy of the lower end of
the femiu", it would be most conveniently secured fi-om the front at the inner side of the
thigh.
The knee is flexed and the limb placed on its outer side. An incision, three
inches long, is made parallel to and immediately behind the tendon of the Adductor
magnus fi-om the junction of the middle and lower third of the thigh. Skm, superficial
and deep fascia are to be divided, care being taken of the internal saphenous vein the
Adductor magnus is to be drawn forwards, and the inner hamstring tendons backwards,
and the artery will be found surrounded by fat. The nerve and vein are usually not seen,
as they lie to the outer side of the arter.y.
;

;

;

;

The branches
yr

of the
1

,

pophteal artery

are, the

Superior Internal Articular.

/ Superior.
1

Azygos

Inferior or Sural.

The

xlrticular.

Inferior External Articular.

Cutaneous.
Superior External Articular.

Inferior Internal Articular,

superior muscular branches, two or three in number, arise from the upper
and are distributed to the lower part of the Adductor

part of the popliteal artery,

magnus and

anastomosing with the inferior perflexor muscles of the thigh
and terminal branches of the profunda.
The inferior muscular (sural) are two large branches, which are distributed
to the two heads of the Gastrocnemius and to the Plantaris muscle.
They arise
from the popliteal artery opposite the knee-joint.
The cutaneous branches arise separately from the popliteal artery or from
some of its branches they descend between the two heads of the Gastrocnemius
;

forating

;

'
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muscle, and, piercing the deep fascia, are distributed to the integument of the
One branch usually accompanies the short, or external, saphenous vein.

calf.

Fig. 420.

— The popliteal, posterior

tibial,

.
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superior articular arteries, two in number, arise one on each side of the
and wind round the femur immediately above its condyles to the front

popliteal,

The internal branch winds inwards beneath the hamstring
of the knee-joint.
muscles, to which it supplies branches, above the inner head of the Gastrocnemius, and passing beneath the tendon of the Adductor magnus, divides into
two branches, one of which supplies the Vastus internus, inosculating with the
anastomotica magna and inferior internal articular the other ramifies close to
the surface of the femur, supplying it and the knee-joint, and anastomosing with
;

The external branch passes above the
outer condyle, beneath the tendon of the Biceps, and divides into a superficial
and deep branch the superficial branch supplies the Vastus externus, and
anastomoses with the descending branch of the external circumflex, and the
the superior external articular artery.

:

the deep branch supplies the lower part of
the femur and knee-joint, and forms an anastomotic arch across the bone with
the anastomotica magna and the inferior internal articular arteries.
inferior external articular arteries

;

The azygos

articular is a small branch, arising from the popliteal artery oppothe bend of the knee-joint. It pierces the posterior ligament, and supplies
the ligaments and synovial membrane in the interior of the articulation.
site

The

inferior articular

two

arteries,

in

number,

arise

from the popliteal

beneath the Gastrocnemius, and wind round the head of the tibia, below the
joint.
The internal one first descends along the upper margin of the Popliteus
muscle, to which it gives branches it then passes below the inner tuberosity,
beneath the internal lateral ligament, at the anterior border of which it ascends
to the front and inner side of the joint, to supply the head of the tibia and the
articulation of the knee, anastomosing with the inferior external articular and
superior internal articular arteries.
The external one passes outwards above the
head of the fibula, to the front of the knee-joint, passing in its course beneath the
outer head of the Gastrocnemius, the external lateral ligament, and the tendon of
the Biceps muscle, and divides into branches, which anastomose with the
inferior internal articular artery, the superior external articular artery, and the
anterior recurrent branch of the anterior tibial.
Circumpatellar Anastomosis. ^Around and above the patella, and on the
contiguous ends of the femur and tibia, is a large network of vessels, forming a
superficial and deep plexus.
The superficial plexus is situated between the
the deep plexus, which forms a close
fascia and skin round about the patella
network of vessels, lies on the surface of the lower end of the femur and upper
end of the tibia around their articular surfaces, and sends numerous offsets into the
interior of the joint.
The arteries from which this plexus is formed are the two
the anastomotica
internal and two external articular branches of the popliteal
magna the terminal branch of the profunda the descending branch from the
external circumflex, and the anterior recurrent branch of the anterior tibial.
;

—

;

:

;

;

Anteeior Tibial Aetery

The

anterior tibial artery

commences

(fig.

421)

at the bifurcation of the popliteal, at

between the two heads
and through the large oval aperture above the upper
border of the irtterosseous membrane, to the deep part of the front of the leg it
here lies close to the inner side of the neck of the fibula it then descends on
the anterior smiace of the interosseous membrane, gradually approaching the
tibia
and, at the lower part of the leg, lies on this bone, and then on the
anterior ligament of the ankle, to the bend of the ankle-joint, where it lies more
superficially, and becomes the dorsalis 'pedis.
Relations.
In the upper two-thirds of its extent, it rests upon the interosseous
membrane, to which it is connected by delicate fibrous arches thrown across it.
In the lower third, upon the front of the tibia, and the anterior ligament of the
ankle-joint.
In the upper third of its course, it lies between the Tibialis anticus
the lower border of the Popliteus muscle, passes forwards
of the Tibialis posticus,

:

;

;

—
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and Extensor longus digitorum in the middle third, between tlie Tibiahs anticus
and Extensor proprius hallucis. At the bend of the ankle, it is crossed by the
tendon of the Extensor proprins hallucis, and lies between it and the innermost
tendon of the Extensor longus digitorum. It is covered, in the upper twothirds of its course, by the muscles which lie on either side of it, and by the deep
fascia in the lower third, by the integument, anterior annular ligament, and fascia.
The anterior tibial artery is accompanied by two veins (venae comites) which
the anterior tibial nerve, coursing round the
lie one on each side of the artery
outer side of the neck of the femur, gets into relation with the outer side of the
;

;

;

artery shortly after it has passed through the opening of the interosseous memabout the middle of the leg it is placed superficial to it at the lower part

brane

;

;

nerve

of the artery the

is

generally again on the outer side.

Plan of the Eelations of the Antebige Tibial Aetery
In front.
Integument, superficial and deep

fasciae.

Anterior tibial nerve.
Tibialis anticus (overlaps it in the upper part of the
Extensor longus digitorum
1
j)^ 't slie-htlv^
&
Extensor proprius liallucis )^
Anterior annular ligament.
I

Inner

/

side.

Tibialis anticus.

Extensor proprius hallucis
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Anterior
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side.

Anterior tibial nerve.
Extensor longus digitorum.
Extensor proprius hallucis.

/

\

.

Outer
\

Tibial.

I

leg).

,

Behind.
Interosseous membrane.
Tibia.

Anterior ligament of ankle-joint.

—

Peculiarities in Size. This vessel may be diminished in size, may be deficient to a
greater or less extent, or may be entirely wanting, its place being supplied by perforating
branches from the posterior tibial, or by the anterior division of the peroneal artery.
Course. The artery occasionally deviates in its course towards the fibular side of the
leg, regaining its usual position beneath the annular ligament at the front of the ankle.
In two instances the vessel has been found to approach the surface in the middle of the
leg, being covered merely by the integument and fascia below that point.
Surface Marking. ^A line drawn from the inner side of the head of the fibula to
midway between the two malleoli, will mark the course of the artery the point where the
artery comes in front of the interosseous membrane being in this line, one and a quarter
inch below the level of the head of the fibula.
Surgical Anatomy. The anterior tibial artery may be tied in the upper or lower part
of the leg.
In the upper part the operation is attended with great difficulty, on account
of the depth of the vessel from the surface.
An incision, about four inches in length,
should be made tlirough the integument, midway between the spine of the tibia and the
outer margin of the fibula, the fascia and intermuscular septiun between the Tibialis
anticus and Extensor longus digitorum being divided to the same extent. The foot must
be flexed to relax these muscles, and they must be separated from each other by the finger.
The artery is then exposed, deeply seated, lying upon the interosseous membrane, the
nerve lying externally, and one of the venae comites on either side these must be separated
from the artery before the aneurism needle is passed round it.
To tie the vessel in the lower third of the leg above the ankle-joint, an incision about
tbree inches in length should be made through the integument between the tendons of the
Tibialis anticus, and Extensor proprius hallucis muscles, the deep fascia being divided to
the same extent. Tlie tendon on either side should be held aside, when the vessel will be
seen lying upon the tibia, with the nerve on the outer side, and one of the venae comites on
either side.

—

—

;

—

;

The branches

of the anterior tibial artery are, the

Posterior Eecurrent Tibial.
Superior Fibular.

Muscular.

Anterior Eecurrent Tibial.

External Malleolar.

Internal Malleolar.

DOESALIS PEDIS
The

posterior recurrent tibial

is
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not a constant branch, and

is

given

off

from

It
the anterior tibial before that vessel passes through the interosseous space.
ascends beneath the Popliteus muscle, which it supplies, and anastomoses with

the lower articular branches of the popliteal artery, giving off an offset to the
superior tibio-fibular joint.
The superior fibular is sometimes given off from the anterior tibial, sometimes

from the posterior tibial.
through the Soleus, which

It
it

passes outwards, round the neck of the fibula,
and ends in the substance of the Peroneus

supplies,

longus muscle.
tibial arises from the anterior tibial, as soon
passed through the interosseous space it ascends in the
Tibiahs anticus muscle, and ramifies on the front and sides of the knee-joint,
anastomosing with the articular branches of the popliteal, and with the anastomotica magna assisting in the formation of the circumpatellar plexus.
The muscular branches are numerous they are distributed to the muscles
which lie on each side of the vessel, some piercing the deep fascia to supply the
integument, others passing through the interosseous membrane, and anastomosing with branches of the posterior tibial and peroneal arteries.
The malleolar arteries supply the ankle-joint. The internal arises about two
inches above the articulation, and passes beneath the tendons of the Extensor

The

recurrent

anterior

as that vessel has

;

:

proprius hallucis and Tibialis anticus, to the inner ankle, upon which it ramifies,
anastomosing with branches of the posterior tibial and internal plantar arteries

and with the internal calcanean from the posterior tibial. The external passes
beneath the tendons of the Extensor longus digitorum and Peroneus tertius, and
supplies the outer ankle, anastomosing with the anterior peroneal artery, and
with ascending branches from the tarsal branch of the dorsalis pedis.

DoRSALis Pedis Artery

The
the

(fig.

421)

dorsalis pedis, the continuation of the anterior tibial, passes forwards

bend

of the

ankle along the

intermetatarsal space, where

it

tibial side of

the foot to the back part of the

from
first

divides into two branches, the dorsalis hallucis

and communicating.

—

This vessel, in its course forwards, rests upon the astragalus,
and internal cuneiform bones and the ligaments connecting them, being
covered by the integument and fascia, anterior annular ligament, and crossed near
its termination by the innermost tendon of the Extensor brevis digitorum.
On
its tibial side is the tendon of the Extensor proprius hallucis
on its fibular side,
the innermost tendon of the Extensor longus digitorum, and the termination of
the anterior tibial nerve.
It is accompanied by two veins.
Relations.

navicular,

;

Plan of the Eelations of the Dorsalis Pedis

^^.rtery

In front.
Integument and

fascia.

Anterior annular ligament.

Innermost tendon of Extensor brevis digitorum.

Tibial side,
.

JiiXtensor

/

Fibular

\

I
.
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side.

Extensor longns digitorum.
Anterior tibial nerve.

Behind.
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Internal cuneiform,
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The dorsal artery of the foot may be larger than usual, to
Peculiarities in Size.
or it may be deficient in its terminal branches
coixipensate for a deficient plantar artery
or its place may be supplied
to the toes, which are then derived from the internal plantar
altogether by a large anterior peroneal artery
This artery frequently curves oucwards, lying external to the line between
Position.
the middle of the ankle and the back part of the first interosseous space.
Surface Marhing. The dorsalis pedis artery is indicated on the surface of the dorsum
of the foot by a line drawn from the centre of the space between the two malleoli to the
back of the first intermetatarsal space.
Surgical Anatomy. This artery may be tied, by making an incision through the
integument, between two and three inches in length, on the fibular side of the tendon of
the Extensor proprius hallucis, in the interval between it and the inner border of the short
Extensor muscle. The incision should not extend further forwards than the back part of
the first intermetatarsal space, as the artery divides in that situation. The deep fascia being
divided to the same extent, the artery will be exposed, the nerve lying upon its outer side.
;

;

—

—

—

Branches.

— The branches of the dorsalis pedis are, the
Tarsal.

Metatarsal

The

Dorsalis Hallucis.

—Interosseous.

Communicating.

from the dorsalis pedis, as that vessel crosses the
passes in an arched direction outwards, lying upon the tarsal
bones, and covered by the Extensor brevis digitorum it supplies that muscle
and the articulations of the tarsus, and anastomoses with branches from the
metatarsal, external malleolar, peroneal, and external plantar arteries.
The metatarsal arises a little anterior to the preceding it passes outwards to
the outer part of the foot, over the bases of the metatarsal bones, beneath the
tendons of the short Extensor, its direction being influenced by its point of
origin
and it anastomoses with the tarsal and external plantar arteries. This
vessel gives off three branches, the interosseous arteries, which pass forwards
upon the three outer Dorsal interossei muscles, and, in the clefts between the
At the
toes, divide into two dorsal collateral branches for the adjoining toes.
back part of each interosseous space these vessels rece ve the posterior perforating branches from the plantar arch
and at the fare part of each interosseous space, they are joined by the anterior perforating branches, from the
digital arteries.
The outermost interosseous artery gives off a branch which
supplies the outer side of the little toe.
The dorsalis hallucis, or first dorsal interosseous artery, runs forwards along
the outer border of the first metatarsal bone, and at the cleft between the first
and second toes divides into two branches, one of which passes inwards, beneath
the tendon of the Extensor proprius hallucis, and is distributed to the inner
border of the great toe the outer branch bifurcates, to supply the adjoining
sides of the great and second toes.
The communicating artery dips down into the sole of the foot, between the
two heads of the First dorsal interosseous muscle, and inosculates with the
termination of the external plantar artery, to complete the plantar arch. It here
gives off two digital branches one runs along the inner side of the great toe,
on its plantar surface the other passes forwards along the first interosseous
space, and bifurcates for the supply of the adjacent sides of the great and second
tarsal artery arises

navicular bone

;

it

;

;

;

;

;

:

;

toes.

Posterior Tibial Artery

The posterior tibial is an artery of large size, which extends obliquely downwards from the lower border of the Popliteus muscle, along the tibial side of the
leg, to the fossa between the inner ankle and the heel, where it divides beneath
the origin of the Abductor hallucis, on a level with a line drawn from the point
of the internal malleolus to the centre of the convexity of the heel, into the

and external plantar arteries. At its origin it lies opposite the interval
between the tibia and fibula as it descends, it approaches the inner side of the
leg, lying behind the tibia, and, in the lower part of its course, is situated midway between the inner malleolus and the tuberosity of the os calcis.
internal

;

POSTERIOE TIBIAL

—
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upon the Tibialis posticus, the Flexor longus
and the back part of the ankle-joint. It is covered by the
deep transverse fascia, which separates it above from the Gastrocnemius and
Soleus muscles at its termination it is covered by the Abductor hallucis muscle.
In the lov^er third, where it is more superficial, it is covered only by the
integument and fascia, and runs parallel with the inner border of the tendo
It is accompanied by two veins, and by the posterior tibial nerve,
AchilHs.
which lies at first to the inner side of the artery, but soon crosses it, and is, in the
greater part of its course, on its outer side.
Relations.

It lies successively

digitoriim, the tibia,

:

Plan of the Relations of the Postebiob Tibial Abteby
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Imier Ankle, the tendons and blood-vessels are arranged in the
First, the tendons of the Tibialis
from within outwards
posticus and Flexor longus digitorum, lying in the same groove, behind the inner
External to these is the posterior
malleolus, the former being the most internal.
and, still more externally, the
tibial artery, having a vein on either side
posterior tibial nerve.
About half an inch nearer the heel is the tendon of the
Plexor longus hallucis.

Behind

the

following order,

:

—

;

—

Peculiarities in Size.
The posterior tibial is not unfrequently smaller than usual, or
its place being su^Dplied hy a large peroneal artery, which passes inwards at the
lower end of the tibia, and either joins the smaU tibial artery, or continues alone to the
sole of the foot.
Surface Marhing. The course of the posterior tibial artery is indicated by a line drawn
from a pomt one inch below the centre of the popliteal space to midway between the tip
of the internal malleolus and the centre of the convexity of the heel.
Surgical Anatomy. The api^Ucdtion of a ligature to the posterior tibial may be required
in cases of wound of the sole of the foot, attended with great htemorrhage, when the vessel
should be tied at the inner ankle. In cases of wound of the posterior tibial, it will be
necessary to enlarge the opening so as to expose the vessel at the woiuided point, excepting
where the vessel is injured by a punctured wound h-orn the front of the leg. In cases of
the middle of
aneurism from wound of the artery low down, the vessel should be tied
the leg.
But in aneurism of the posterior tibial high up, it would be better to tie the
femoral artery.
To tie the posterior tibial artery at the ankle, a semilunar incision should be made
through the integument, about two inches and a half in length, midway between the heel
and inner ankle, or a little nearer the latter. The subcutaneous celhilar tissue having
been divided, a strong and dense fascia, the internal annular ligament, is exposed. This
ligament is continuous above with the deep fascia of the leg, covers the vessels and nerves,
and is intimately adherent to the sheaths of the tendons. This having been cautiously
divided upon a director, the sheath of the vessels is exposed, and, being opened, the artery
is seen with one of the venae comites on each side.
The aneurism needle should be passed
round the -\'essel from the heel towards the ankle, in order to avoid the posterior tibial
nerve, care being at the same time taken not to include the venae comites.
absent,

—

—

m
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The vessel may also be tied in the lower third of the leg by making an incision about
three inches in length, parallel with the inner margin of the tendo Achillis. The internal
saphenous vein being carefully avoided, the two layers of fascia must be divided upon a
director, when the artery is exposed along the outer margin of the Flexor longus digitorum,
with one of its venae comites on either side, and the nerve lying external to it.
To tie the posterior tibial in the middle of the leg is a very diificult operation, on account
of the great depth of the vessel from the surface. The patient being placed in the recumbent
position, the injured limb should rest on its outer side, the knee being partially bent, and
the foot extended, so as to relax the muscles of the calf. An incision about four inches in
length should then be made through the integument, a finger's breadth behind the inner
margin of the tibia, taking care to avoid the internal saphenous vein. The deep fascia
havmg been divided, the margin of the Gastrocnemius is exposed, and must be drawn aside,
and the tibial attachment of the Soleus divided, a director being previously passed beneath
it.
The artery may now be felt pulsating beneath the deep fascia, about an inch from the
margin of the tibia. The fascia having been divided, and the limb placed in such a
position as to relax the muscles of the calf as much as possible, the veins should be
separated from the artery, and the aneurism needle passed round the vessel from without
inwards, so as to avoid wounding^the posterior tibial nerve.

The branches

of the posteinor tibial artery are, the

Peroneal.

Nutrient.

Communicating.

Muscular.
Internal Calcanean.

The Peroneal Artery

Hes, deeply seated, along the back part of the fibular

from the posterior tibial, about an inch below the
lower border of the Popliteus muscle, passes obliquely outwards to the fibula,
and then descends along the inner border of that bone, contained in a fibrous
canal between the Tibialis posticus and the Flexor longus hallucis, to the lower
third of the leg, where it gives off the anterior i:)eroneal.
It then passes across
the articulation between the tibia and fibula to the outer side of the os calcis,
where it gives off its terminal branches, the external calcanean.
Relations.
This vessel rests at first upon the Tibialis posticus, and then, for
the greater part of its course, in a fibrous canal between the origins of the Flexor
longus hallucis and Tibialis posticus, covered or surrounded by the fibres of the
Flexor longus hallucis. It is covered, in the upper part of its course, by the Soleus
and deep transverse fascia heloic, by the Flexor longus hallucis.
side of the leg.

It arises

—

;

Plan of the Eelations of the Peroneal Aeteey
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fascia.

Flexor longus hallucis.
Feculiarities in Origin.— The -peroneal artery may arise three inches below the
Popliteus, or from the posterior tibial high up, or even from the popliteal.
Its size is more frequently increased than diminished
and then it either reinforces
the posterior tibial hj its junction with it, or altogether takes the place of the posterior
tibial in the lower pai't of the leg and foot, the latter vessel only existing as a short muscular branch.
In those rare cases where the peroneal artery is smaller than usual, a
branch from the posterior tibial supplies its place and a branch from the anterior tibial
compensates for the diminished anterior peroneal artery. In one case the peroneal artery
has been found entirely wanting.
;

;

PLANTAE
The anterior peroneal
of the foot.

The branches

is

of the

663

sometimes enlarged, and takes the place of the dorsal artery

peroneal are, the

Communicatmg.

Muscular.
Nutrient.

Posterior Peroneal.

Anterior Peroneal.

External Calcanean.

—

Muscular branches. The peroneal artery, in its course, gives off branches to
the Soleus, Tibialis posticus. Flexor longus hallucis, and Peronei muscles.
The nutrient artery supplies the fibula.

The Anterior peroneal pierces the interosseous membrane, about two inches
above the outer malleolus, to reach the fore part of the leg, and, passing down
beneath the Peroneus tertius, to the outer ankle, ramifies on the front and outer
side of the tarsus, anastomosing with the external malleolar and tarsal arteries.
The communicating is given off from the peroneal about an inch from its
lower end, and, passing inwards, joins the communicating branch of the posterior
tibial.

The

Posterior peroneal passes

down behind

the outer ankle to the back of the

external malleolus, to terminate in branches which ramify on the outer surface

and back of the os calcis.
The External calcanean are the terminal branches of the peroneal artery
they pass to the outer side of the heel, and communicate with the external
malleolar and, on the back of the heel, with the internal calcanean arteries.
The nutrient artery of the tibia arises from the posterior tibial, near its
origin, and after supplying a few muscular branches, enters the nutrient canal
This is the
of that bone,»vy,^hic-h-it traverses obliquely from above downwards.
largest nutrient artery of bone in the body.
The muscular branches of the posterior tibial are distributed to the Soleus and
;

deep muscles along the back of the

The communipating branch,

leg.

to join a similar

branch

of

the peroneal, runs

transversely acrt)ss the back of the tibia, about two jnches above
passing beneath the Flexor longus hallucis.

The

its lowei:

end,

calcanean are several large arteries, which arise from the
before its division
they are distributed to the fat and
integument behind the tendo Achillis and about the heel, and to the muscles on
the inner side of the sole, anastomosing with the peroneal and internal malleolar
and, on the back of the heel, with the external calcanean arteries.
The Internal Plantar Artery (figs. 422, 423), much smaller than the external,
passes forwards along the inner side of the foot. It is at first situated above*
the Abductor hallucis, and then between it and the Flexor brevis digitorum,
both of which it supplies. At the base of the first metatarsal bone, where it has
become much diminished in size, it passes along the inner border of the great
toe, inosculating with its digital branch.
The External Plantar Artery, much larger than the internal, passes obliquely
outwards and forwards to the base of the fifth metatarsal bone.
It then turns
obliquely inwards to the interval between the bases of the first and second metatarsal bones, where it anastomoses with the communicating branch from the
dorsalis pedis artery, thus completing the plantar arch.
As this artery passes
outwards, it is first placed between the os calcis and Abductor hallucis, and then
between the Flexor brevis digitorum and Flexor accessorius and as it passes
forwards to the base of the little toe, it lies more superficially between the Flexor
brevis digitorum and Abductor minimi digiti, covered by the deep fascia and
integument. The remaining portion of the vessel is deeply situated it extends
from the base of the metatarsal bone of the little toe to the back part of the
first interosseous space, and forms the plantar arch
it is convex forwards, lies
posterior

internal
tibial

just

;

;

;

;

"

This refers to the erect position of the body.
the artery is deeper than the muscle.

In the ordinary position

for dissection,

—
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upon the Interossei muscles, opposite the tarsal ends of the metatarsal bones,
and is covered by the Adductor obliquus hallucis, the flexor tendons of the toes,
and the Lumbricales.

—

The course of the internal plantar artery is represented by a line
mid -point between the tip of the internal malleolus and the centre of the
convexity of the heel to the middle of the under surface of the great toe. The external
plantar by a line from the same point to within a finger's breadth of the tuberosity of the
The plantar arch is indicated by a line drawn from this point i.e.
fifth metatarsal bone.
a finger's breadth internal to the tuberosity of the fifth metatarsal bone transversely across
the foot to the back of the first interosseous space.
Surgical Anatomy. Wounds of the plantar arch are always serious, on account of the
depth of the vessel and the important structures which must be interfered with in an
attempt to ligature it. Delorme has shown that it may be ligatured from the dorsum of
the foot in almost any part of its course hy removing a portion of one of the three middle
Surface Marking.

drawn from

tlie

:

—

metatarsal bones.

—

Branches. The plantar arch, besides distributing numerous branches to the
muscles, integument, and fasciae in the sole, gives off the following branches
:

Posterior Perforating.

The Posterior Perforating
back part

Digital

—Anterior Perforating.

which ascend through the
between the heads of the Dorsal

are three small branches,

of the three outer interosseous spaces,

—

Fig. 422.
The plantar arteries.
Superficial view.

Fig. 423.

— The plantar

arteries.

Deep view.

Communicatina
branch of
dorsalis pedis
Its digital
branches

\

1

1

>

1

)

mterossei muscles, and anastomose wdth the interosseous branches from the
metatarsal artery.
The Digital Branches are four in number, and supply the three outer toes
and half the second toe. The first passes outwards from the outer side of the
plantar arch, and is distributed to the outer side of the Httle toe, passing in

course beneath the abductor and short flexor muscles. The second, third,
fourth run forwards along the interosseous spaces, and on arriving at the
clefts between the toes divide into collateral
branches, which supply the
adjacent sides of the three outer toes and the outer side of the second. At the
bifurcation of the toes, each digital artery sends upwards, through the fore part
Its

s^nd
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corresponding interosseous space, a small branch, which inosculates with
branches of the metatarsal artery. These are the anterior

the interosseous

perforating branches.

From

the arrangement already described of the distribution of the vessels to
will be seen that both sides of the three outer toes, and the outer side
of the second toe, are supplied by branches from the plantar arch
both sides of
the great toe, and the inner side of the second, are supplied by the communicating branch of the dorsalis pedis.
the toes,

it

;

OF THE VEINS
fPHE
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Veins are the vessels which serve to return the blood from the capillaries

body to the
puhnonary and systemic.

of the different parts of the

sets of vessels, the

heart.

They consist

of

two

distinct

The Pulmonary Veins are concerned in the circulation in the lungs. Unlike
other vessels of this kind, they contain arterial blood, which they return from
the lungs to the left auricle of the heart.
The Systemic Veins are concerned in the general circulation they return the
;

venou^s blood from the

body generally to the right aiiricle of the heart.
The Portal Vein, an appendage to the systemic venous system, is confined to
the abdominal cavity, returning the venous blood from the viscera of digestion,
and carrying it to the liver by a single trunk of large size, the vena porta. This
vessel ramifies in the substance of the Hver and breaks up into a minute network
of capillaries.
These capillaries then re-collect to form the hepatic veins, by
which the blood is conveyed to the inferior vena cava.
The veins, like the arteries, are found in nearly every tissue of the body.
They commence by minute plexuses which receive the blood from the capillaries.
The branches which have their commencement in these plexuses unite together
into trunks, and these, in their passage towards the heart, constantly increase in
size as they receive tributaries, or join other veins.
The veins are larger and
altogether more numerous than the arteries hence, the entire capacity of the
venous system is much greater than that of the arterial the pulmonary veins
excepted, which only slightly exceed in capacity the pulmonary arteries.
From
the combined area of the smaller venous Ibranches being greater than the main
trunks, it results that the venous system represents a cone, the summit of which
corresponds to the heart, its base to the circumference of the body. In form,
;

;

the veins are perfectly cylindrical like the arteries, their walls being collapsed when empty, and the uniformity of then^ surface being interrupted at
intervals

by

slight constrictions,

They usually

interior.

retain,

which indicate the existence

of valves in their

however, the same calibre as long as they receive

no branches.

The veins communicate very freely with one another, especially in certain
regions of the body and this communication exists between the larger trunks as
well as between the smaller branches.
Thus, in the cavity of the cranium, and
;

between the veins of the neck, where obstruction would be attended with imminent
danger to the cerebral venous system, we find that the sinuses and larger veins
have large and very frequent anastomoses. The same free communication exists
between the veins throughout the whole extent ot the spmai canai, and between
the' veins composing the various venous plexuses in the abdomen and pelvis, as
the spermatic, uterine, vesical, and prostatic.
The systemic veins are subdivided into three sets superficial, deep, and
:

sinu.se s.

The

Cutaneous Veins are found between the layers of the
immediately beneath the integument they return the blood
from these structures, and communicate with the deep veins by perforating the
deep fascia.
Superficial or

superficial

fascia,

;

—
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The Deep Veins accompany the arteries, and are usually enclosed
same sheath with those vessels. With the smaller arteries as the

—

radial,

they exist generally in pairs, one lying on each
and are called vence co7nites. The larger arteries as the
subclavian, popliteal, and femoral have usually only one accom-

ulnar, brachial, tibial, peroneal

—

side of the vessel,
axillary,

in the

—

—

panying vein.

In certain organs of the body, however, the deep veins do not

accompany the

arteries

for instance, the veins in the skull and spinal canal,
the hepatic veins in the liver, and the larger veins returning blood from the
;

osseous tissue.
Sinuses are venous channels, which, in their structure and mode of distribution, differ altogether from the veins.
They are found only in the interior of the
skull, and are formed by a separation of the layers of the dura mater
their
outer coat consisting of fibrous tissue, their inner of an endothelial layer continuous with the lining membrane of the veins.
Veins have thinner walls than arteries, the difference in thickness being due
to the small amount of elastic and muscular tissues which the veins contain.
The superficial veins usually have thicker coats than the deep veins, and the
veins of the lower limb are thicker than those of the upper.
The minute structure of these vessels has been described in the section on
;

General Anatomy

THE PULMONAEY VEINS
The Pulmonary Veins return the arterial blood from the lungs to the left
They are four in number, two for each lung. The pulmonary
differ from other veins in several respects
i. They carry arterial instead of
venous blood. 2. They are destitute of valves. 3. They are only slightly larger
than the arteries they accompany. 4. They accompany those vessels singly.
They commence in a capillary network, upon the walls of the air-cells, where
they are continuous with the ramifications of the pulmonary artery, and, uniting
auricle of the heart.

:

—

form a single trunk for each lobule.
These branches, uniting
successively, form a single trunk for each lobe, three for the right, and two for
the left lung.
The vein from the middle lobe of the right lung unites with that
together,

from the upper

lobe, in

most

cases,

forming two trunks on each

side,

which open

separately into the left auricle.
Occasionally, they remain separate there are
then three veins on the right side. Not unfrequently, the two left pulmonary
veins terminate by a common opening.
;

Within the lung, the branches of the pulmonary artery are in front, the veins
and the bronchi hetioeen the two.
At the root of the lung, the veins are in front, the artery in the middle, and
the bronchus behind.
Within the pericardium, their anterior surface is invested by the serous layer
of this membrane.
The right pulmonary veins pass behind the right auricle
and ascending aorta the left pass in front of the thoracic aorta, with the left
behind,

;

pulmonary

artery.

THE SYSTEMIC VEINS

—

The systemic veins may be arranged into three groups
i. Those of the
head and neck, upper extremity, and thorax, which terminate in the superior
vena cava. 2. Those of the lower limb, pelvis, and abdomen, which terminate in
the inferior vena cava.
3. The cardiac veins, which open directly into the right
:

auricle of the heart.

VEINS OF THE HEAD AND NECK
The veins of the head and neck [may be subdivided into three groups
The veins of the exterior of the head and face. 2. The veins of the neck.
The veins of the diploe and the interior of the cranium.
:

I.

3.
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The veins

of the exterior of the

head and face

are, the

Temporal.

Frontal.
Supra-orbital.

Internal Maxillary.

Angular.

Temporo-maxillary.
Posterior Auricular.

Facial.
Occipital.

The frontal vein commences on the anterior part of the skull by a venous
plexus which communicates with the anterior tributaries of the temporal vein.
Fig. 424.

—Veins of the head and neck.

.^Frontal
Com municating
}>

ranch

icith

oplilhdlmic vein

Angular

'f^iij^-^^i.j;:;z'

811200 101 thyroid

The veins converge to form a single trunk, which runs downwards near the
middle line of the forehead parallel with the vein of the opposite side, and unites
with it at the root of the nose, by a transverse branch, called the nasal arch.
Occasionally the frontal veins join to form a single trunk, which bifurcates at the
root of the nose into the two angular veins.
At the root of the nose the veins
diverge, and join the supra- orbital vein, at the inner angle of the orbit, to form
the angular vein.
The supra-orbital vein commences on the forehead, communicating with the
anterior temporal vein, and runs downwards and inwards, superficial to the

OF THE HEAD AND NECK
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from the neighbouring structures,
form the angular

joins the frontal vein at the inner angle of the orbit to

and
V ein.

The angular vein formed by the junction of the frontal and supra-orbital
veins runs obliquely do w^n wards and outwards, on the side of the root of the
nose, and receives the veins of the ala nasi on its inner side, and the superior
palpebral veins on its outer side it moreover communicates with the ophthalmic
vein, thus establishing an important anastomosis between this vessel and the
cavernous sinus. Some small veins from the dorsum of the nose terminate in
;

the nasal arch.
The facial vein

commences at the side of the root of the nose, being a direct
It passes obliquely downwards and outwards,
continuation of the angular vein.
beneath the Zygomaticus major and minor muscles, descends along the anterior
border of the Masseter, crosses over the body of the lower jaw, with the facial
artery, and, passing obliquely outwards and backwards, beneath the Platysma
cervical fascia, unites with a branch of communication from the temporomaxillary vein, to form a trunk of large size [common facial vein) which enters
the internal jugular. From near its termination a communicating branch often
runs down the anterior border of the Sterno-mastoid to join the lower part of the

and

anterior jugular.
Tributaries.

—The

facial vein receives,

near the angle of the mouth, communi-

cating tributaries of considerable size (the deep facial or anterior internal maxillary
It is also joined by the inferior palpebral, the
vein) from -the pterygoid plexus.

superior and inferior labial veins, the buccal veins from the cheek, and the
masseteric veins. Below the jaw it receives the submental, the inferior palatine,
which returns the blood from the plexus around the tonsil and soft palate the
submaxillary vein, which commences in the submaxillary gland and, generally,
;

;

the ranine vein.
Surgical Anatomy.

— There are some

points about the facial vein which render it of
not so flaccid as are most superficial veins, and, in consequence of this, remains more patent when divided. It has, moreover, no valves. It
communicates freely with the intracranial circulation, not only at its commencement by
its tributaries, the angular and supra-orbital veins, communicating with the ophthahnic
but also by its deep branch, which communicates
vein, a tributary of the cavernous sinus
through the pterygoid plexus with the cavernous sinus by branches which pass through
the foramen ovale and foramen lacerum medium (see page 678). These facts have an
important bearing upon the surgery of some diseases of the face. For on account of its
patency the facial vein favours septic absorption, and therefore any phlegmonous
inflammation of the face following a poisoned wound is liable to set up thrombosis in the
facial vein, and detached portions of the clot may give rise to purulent foci in other parts
And on account of its communications with the cerebral sinuses, these
of the body.
thrombi are apt to extend upwards into them, and so induce a fatal issue.
great importance in surgery.

It is

;

The Temporal Vein commences by a minute plexus on the side and vertex of
the skull, which communicates with the frontal and supra-orbital veins in front,
the corresponding vein of the opposite side, and the posterior auricular and
occipital veins behind.
From this network, anterior and posterior branches are
formed which unite above the zygoma, forming the trunk of the vein. This trunk
joined in this situation by a large vein, the middle temporal, which receives the
blood from the substance of the Temporal muscle and pierces the fascia at the
upper border of the zygoma. The temporal vein then descends between the
external auditory meatus and the condyle of the jaw, enters the substance of the
parotid gland, and unites with the internal maxillary vein to form the temporomaxillary vein.
Tributaries.
The temporal vein receives in its course some parotid veins, an
articular branch from the articulation of the jaw, anterior auricular veins from
the external ear, and a vein of large size, the transverse facial, from the side of
the face. The middle temporal vein, previous to its junction with the temporal
vein, receives a branch, the orbital vein, which is formed by some external
is
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palpebral branches, and passes backwards between the layers of the temporal
fascia.

The Internal Maxillary Vein is a vessel of considerable size, receiving branches
which correspond wuth those of the internal maxillary artery. Thus it receives
the middle meningeal veins, the deep temporal, the pterygoid, masseteric, buccal,
These branches form a
alveolar, some palatine veins, and the inferior dental.
large plexus, the ^pterygoid, which is placed between the Temporal and External
This plexus communicates
pterygoid, and partly between the Pterygoid muscles.
with
the
vein,
and
facial
cavernous
sinus, by branches
the
with
freely
very
through the foramen Vesalii at the base of the skull. The trunk of the vein
then passes backwards, behind the neck of the lower jaw, and unites with the
temporal vein, forming the temporo-maxillary vein.
The Temporo-maxillary Vein, formed by the union of the temporal and internal
maxillary veins, descends in the substance of the parotid gland on the outer
surface of the external carotid artery, betw^een the ramus of the jaw and the
Sterno-mastoid muscle, and divides into two branches, one of which passes

the other is joined by the posterior auricular vein
facial vein
and becomes the external jugular.
The Posterior Auricular Vein commences upon the side of the head, by a
plexus which communicates with the tributaries of the temporal and occipital
The vein descends behind the external ear and joins the temporoveins.

inwards to join the

;

maxillary vein, forming the external jugular. This vessel receives the stylomastoid vein, and some tributaries from the back part of the external ear.
The Occipital Veins commence at the back part of the vertex of the skull, by
These unite and form one or
a plexus, in a similar manner to the other veins.
veins, w^'hich follow the course of the occipital artery, passing deeply beneath
the muscles of the back part of the neck, and terminate in the internal jugular,
As these veins pass across the mastoid
occasionally in the external jugular vein.
portion of the temporal bone, one of them receives the mastoid vein, which thus
establishes a communication with the lateral sinus.

two

Veins of the Neck

The veins

of the neck,

which return the blood from the head and

face, are

the

External Jugular.

Anterior Jugular.

Internal Jugular.
Posterior External Jugular.
Vertebral.

The External Jugular Vein receives the greater part of the blood from the
cranium and deep parts of the face, being formed by the junction
of the posterior division of the temporo-maxillary and posterior auricular veins.
It commences in the substance of the parotid gland, on a level with the angle of
the lower jaw^, and runs perpendicularly down the neck, in the direction of a line
drawn from the angle of the jaw to the ixiiddle of the clavicle. In its course it
crosses the Sterno-mastoid muscle, and runs parallel with its posterior border as
far as its attachment to the clavicle, where it perforates the deep fascia, and
exterior of the

terminates in the subclavian vein, on the outer side of or in front of the Scalenus
anticus muscle. In the neck it is separated from the Sterno-mastoid by the
anterior layer of the deep cervical fascia, and is covered by the Platysma, the
superficial fascia, and the integument.
This vein is crossed about its middle by
the superficialis colli nerve, and its upper half is accompanied by the auriciilaris

magnus nerve. The external jugular vein varies in size, bearing an inverse proportion to that of the other veins of the neck it is occasionally double. It is
provided with two pairs of valves, the lower pair being placed at its entrance
;

into the subclavian vein, the

above the

clavicle.

upper pair in most cases about an inch and a half
of vein between the two sets of valves is often

The portion
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and is termed the sinus. These valves do not prevent the regurgitation
the blood, or the passage of injection from below upwards.*

dilated,
of

Suvgical Anatomy.
jugular vein, but

remembered

is

—Venesection

used formerly to be performed on the external
probably never resorted to. The anatomical point to be

now

in performing this operation is to cut across the fibres of the Platysma
will expose the orifice in

myoides in opening the vein, so that by their contraction they
the vein and so allow the flow of blood.

— This

vein receives' the occipital occasionally, the posterior
its termination, the suprascapular and transverse
It communicates with the anterior jugular, and, in the subcervical veins.
stance of the parotid, receives a large branch of communication from the internal
Tributaries.

external jugular, and, near

jugular.

The Posterior External Jugular Vein commences in the occipital region and
returns the blood from the integument and superficial muscles in the upper and
back part of the neck, lying between the Splenius and Trapezius muscles. It
runs down the back part of the neck, and opens into the external jugular just
below the middle

of its course.

The Anterior Jugular Vein commences near the hyoid bone from the convergence of several superficial veins from the submaxillary region. It passes
the median line and the anterior border of the Sterno-mastoid
and, at the lower part of the neck, passes beneath that muscle to open into the
termination of the external jugular, or into the subclavian vein (fig. 431). This
vein varies considerably in size, bearing almost always an inverse proportion to

down between

Most frequently there are two anterior jugulars, a right
the external jugular.
and left but occasionally only one. This vein receives some laryngeal veins,
and occasionally a small thyroid vein. Just above the sternum, the two anterior
jugular veins communicate by a transverse trunk, which receives tributaries from
;

the inferior thyroid veins. It also communicates with the internal jugular. There
are no valves in this vein.
The Internal Jugular Vein collects the blood from the interior of the cranium,
from the superficial parts of the face, and from the neck. It commences just
external to the jugular foramen, at the base of the skull, being formed by the
coalescence of the lateral and inferior petrosal sinuses (fig. 429). At its origin
it is somewhat dilated, and this dilatation is called the sinus, or gtilf, of the
internal jugular vein.
It runs down the side of the neck in a vertical direction,

on the outer side of the internal carotid, and then on the outer side
carotid, and at the root of the neck unites with the subclavian
vein to form the innominate vein.
The internal jugular vein, at its commencement, lies upon the Eectus capitis lateralis, and behind the internal carotid and
lower down, the vein and artery
the nerves passing through the jugular foramen
He upon the same plane, the glosso-pharyngeal and hypoglossal nerves passing
forwards between them the pneumogastric descends between and behind them
in the same sheath, and the spinal accessory passes obliquely outwards, behind
the vein.
At the root of the neck the vein of the right side is placed at a little
distance from the artery on the left side, it usually lies over the artery at its

lying at
of the

first

common

;

;

;

lower part.

The right internal jugular vein

crosses the first part of the subclavian
considerable size, but varies in different individuals, the
left one being usually the smaller.
It is provided with a pair of valves, which
are placed at its point of termination, or from half to three-quarters of an inch

The vein

artery.

above

is of

it.

Tributaries.

superior

— This vein receives in

and middle thyroid

junction with the

common

its

course the

facial, lingual,

pharyngeal,

and sometimes the occipital. At its point
vein it becomes greatly increased in size.

veins,

facial

of

* The student may refer to an interesting paper by Dr. Struthers,
On Jugular
Venesection in Asphyxia, anatomically and experimentally considered, including the
Demonstration of Valves in the Veins of the Neck,' in the Edinburgh Medical Journal
'

for

November

1856.
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The lingual veins commence on the dorsum, sides, and under surface of the
tongue, and, passing backwards, following the course of the lingual artery and its
Sometimes the ranine vein, which
branches, terminate in the internal jugular.
is a branch of considerable size, commencing below the tip of the tongue, joins
Generally, however, it passes backwards, crosses the Hyo-glossus
the lingual.
muscle in company with the hypoglossal nerve, and joins the facial.
The pharyngeal vein commences in a minute plexus, the pharyngeal, at the
back part and sides of the pharynx, and, after receiving meningeal tributaries,
and the Vidian and spheno-palatine veins, terminates in the internal jugular.
It occasionally opens into the facial, lingual, or superior thyroid vein.
The superior thyroid vein commences in the substance and on the surface
of the thyroid gland, by tributaries corresponding with the branches of the
superior thyroid artery, and terminates in the upper part of the internal jugular
vein.

The middle thyroid vein

collects the blood

from the lower part

of the lateral

lobe of the thyroid gland, and, being joined by some veins from the larynx
trachea, terminates in the lower part of the internal jugular vein.

The

facial

and

and

have been described above.

occipital veins

—

Surgical Anatomy. The internal jugular vein occasionally requires ligature in cases
of septic tlironibosis of the lateral siuus from suppuration in the middle ear, in order to
prevent septic emboli being carried into the general circulation. This operation has been
performed recentlj^ in several cases, with the most satisfactory results. The cases are
generally those of chronic disease of the middle ear, with discharge of pus which perhaps
has existed for many years. The patient is seized with acute septic inflammation,
spreading to the mastoid cells, and consequent on this, septic thrombosis of the lateral
Such cases are always extremely grave, for
sinus extending to the internal jugular vein.
there is a danger of a portion of the septic clot being detached and causing septic embolism
This may be mechanically prevented by ligature of the internal
in the thoracic viscera.
jugular vein in the middle of the neck. The operation is a comparatively simple one, and
may be performed by an incision similar to that employed in ligature of the common
carotid artery.

The Vertebral Vein commences

in the occipital region, by numerous small
from the deep muscles at the upper and back part of the neck these
pass outwards and enter the foramen in the transverse process of the atlas, and
descend, forming a dense plexus around the vertebral artery, in the canal formed
by the transverse processes of the cervical vertebrae. This plexus unites at the
lower part of the neck into two main trunks, one of which emerges from the
foramen in the transverse process of the sixth cervical vertebra, and the other
through that of the seventh, and, uniting, form a single vessel, which terminates
at the root of the neck in the back part of the innominate vein near its origin, its
mouth being guarded by a pair of valves. On the right side, it crosses the first
tributaries,

;

part of the subclavian artery.

— The vertebral

course a vein from the inside
muscular veins, from the
muscles in the prevertebral region
dorsi-spinal veins, from the back part of
the cervical portion of the spine meningo-rachidian veins, from the interior of
the spinal canal
the anterior and posterior vertebral veins and close to its
termination it is joined by a small vein from the first intercostal space which
accompanies the superior intercostal artery.
The anterior vertebral vein commences in a plexus around the transverse
processes of the upper cervical vertebrae, descends in company with the
ascending cervical artery between the Scalenus anticus and Eectus capitis
anticus major muscles, and opens into the vertebral vein just before its terminaTributaries.

of the skull

vein receives in

its

through the posterior condyloid foramen

;

;

;

;

;

tion.

The

posterior vertebral vein (the deep cervical) accompanies the profunda

between the Complexus and Semispinalis colli.
mences in the suboccipital region by communicating branches from the
vein and tributaries from the deep muscles at the back of the neck.
It
cervicis artery, lying

It

com-

occipital

receives
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from the plexuses around the spinous processes
and terminates in the lower end of the vertebral vein.

tributaries
vertebrae,

of the

cervical

Veins of the Diploe

The

diploe of the cranial bones

channelled in the adult by a number of
more or less complete layer of compact

is

tortuous canals, which are lined by a
tissue.

The veins they contain
formed only

of

are large

and capacious,

endothelium resting upon a layer

and
and they prewhich serve as

their walls being thin,

of elastic tissue,

sent, at irregular intervals, pouch-like dilatations, or culs-de-sac,

These are the veins of the diploe they can only be
displayed by removing the outer table of the skull.
In adult life, as long as the cranial bones are distinct and separable, these
veins are confined to the particular bones but in old age, when the sutures are
reservoirs for the blood.

;

;

Fig. 425.

—Veins of the diploe as display ed bj

the lemoval of the

oiitei table of

the skull.

communicate with each other, and increase in size. These vessels
communicate, in the interior of the cranium, with the meningeal veins, and with
the sinuses of the dura mater
and, on the exterior of the skull, with the veins

united, they

;

of the

pericranium.

They

supra-orbital vein, by

are divided into the frontal,

an aperture

in

the

which opens,

supra-orbital notch

;

the

into the

anterior

confined chiefly to tbe frontal bone, and opens into one of the
deep temporal veins, after escaping by an aperture in the great wing of the
sphenoid the posterior temporal, which is confined to the parietal bone, and
terminates in the lateral sinus by an aperture at the posterior inferior angle of
the parietal bone and the occipital, the largest of the four, which is confined to

which

tem2Joral,

is

;

;

the occipital bone,

and opens

either into the occipital vein, or internally into the

lateral sinus or torcular Herophili.

Cekebbal Veins
are remarkable for the extreme thinness of their coats in
muscular tissue in them being wanting, and for the absence
of valves.
They may be divided into two sets the superficial which are placed
on the surface, and the deep veins which occupy the interior of the organ.

The Cerebral Veins

consequence

of the

:

XX
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The

Superficial Cerebral Veins ramify

upon the surface

of the hrain, being

between the convolutions, a few running across the convolutions.
They receive branches from the substance of the brain, and terminate
They are named, from the position they occupy, superior, median,
in the sinuses.
and inferior cerebral veins.
The Superior Cerebral Veins, eight to twelve in number on each side, return
the blood from the convolutions on the superior surface of the hemisphere
they
pass forwards and inwards towards the great longitudinal fissure, where they
receive the median cerebral veins near their termination, they become invested
with a tubular sheath of the arachnoid membrane, and open into the superior longilodged in the

sulci,

;

;

tudinal sinus, in the opposite direction to the course of the current of the blood.
The Median Cerebral Veins return the blood from the convolutions of the
mesial surface of the corresponding hemisphere they open into the superior
;

cerebral veins

The

;

or occasionally into the inferior longitudinal sinus.

Inferior Cerebral Veins ramify

under surface
under surface

of the cerebral

on the lower part of the outer and on the
Some, collecting tributaries from the

hemisphere.

of the anterior lobes of the brain,

terminate in the cavernous sinus.

vein of large size, the middle cerebral vein, commences on the under surface
of the temporo-sphenoidal lobe, and, running along the fissure of Sylvius, opens

One

into the cavernous

Trolard,

sinus.

commences on the

Another large vein, the great anastomotic vein of
parietal lobe, runs along the horizontal limb of the

fissure of Sylvius, and opens into the anterior part of the cavernous sinus under
the lesser wing of the sphenoid.
Others commence on the under surface of the
base of the brain, and unite to form from three to five veins, which open into the
superior petrosal and lateral sinuses from before backwards.

The Deep Cerebral, or Ventricular Veins {vence Galeni), are two in number.
They are formed by the union of two veins, the vena corjMris striati, and the
choroid vein, on either side.
They run backwards, parallel with one another,
between the layers of the velum interpositum, and pass out of the brain at the
great transverse fissure, between the posterior extremity, or splenium, of the

corpus callosum and the tubercula quadrigemina, to enter the straight sinus.
The two veins usually unite to form one before opening into the straight sinus.
Just before their union they receive the basilar vein.
The vena corporis striati commences in the groove between the corpus
striatum and thalamus opticus, receives numerous veins from both of these parts,
and unites behind the anterior pillar of the fornix with the choroid vein, to form
one of the vente Galeni.
The choroid vein runs along the whole length of the outer border of the choroid
plexus, receiving veins from the hippocampus major, the fornix and corpus
callosum, and unites, at the anterior extremity of the choroid plexus, with the vein
of the corpus striatum.
The Basilar Vein commences at the anterior perforated space at the base of
the brain by the union of a small anterior cerebral vein, which courses backw^ards
between the anterior lobes of the cerebrum, with the deep Sylvian vein, which
descends through the lower part of the Sylvian fissure. It passes backwards
round the crus cerebri, receiving the inferior striate vein from the corpus striatum,
interpeduncular veins from the interpeduncular space, ventricular veins from the
middle cornu of the lateral ventricles, and tributaries from the uncinate convolution, and enters the vein of Galen just before its junction with the vein of the
.

opposite side.

The Cerebellar Veins occupy the surface of the cerebellum, and are disposed
and lateral. The suioerior pass forwards and
inwards, across the superior vermiform process, and terminate in the straight
sinus
some open into the venae Galeni. The inferior cerebellar veins, of large
size, run transversely outwards, and terminate by two or three trunks in the
The lateral anterior cerebellar veins terminate in the superior
lateral sinuses.
in three sets, superior, inferior,

;

petrosal sinuses.

:
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The perivascular lympliatics alluded to above (see page 58) are especially found in
connection with the vessels of the brain. These vessels are enclosed in a sheath, which
acts as a lymphatic channel, through which the lymph is carried to the subarachnoid
and subdural spaces, from which it is returned into the general circulation.

Sinuses of the

The sinuses

Duea Matee

dura mater are venous channels, analogous to the veins,
formed by the dura mater their inner, by a continuation
of the Hning membrane of the veins. They are fourteen in number, and are divided
into two sets: i. Those situated at the upper and back part of the skall
2. those at the base of the skull.
The former are, the
of the

their outer coat being

;

Superior Longitudinal Sinus.

Straight Sinus.

Inferior Longitudinal Sinus.

Lateral Sinuses.

Occipital Sinus.

The Superior Longitudinal Sinus occupies the attached margin of the falx
Commencing at the foramen caecum, through which it constantly com-

cerebri.

municates by a small branch with the veins

Fig. 426.

—^Vertical section of the

skull,

of the nasal fossse,

it

runs from before

showing the sinuses of the dura mater.

Foramen ccecum
Torcular Heropliili

backwards, grooving the inner surface of the frontal, the adjacent margins of the
two parietal, and the superior division of the crucial ridge of the occipital bone,
and terminates by opening into the torcular Herophili. The sinus is triangular
in form, narrow in front, and gradually increasing in size as it passes backwards.
On examining its inner surface, it presents the internal openings of the superior
cerebral veins, which run, for the most part, from behind forwards, and open
chiefly at the back part of the sinus, their orifices being concealed by fibrous
folds
numerous fibrous bands {chordce Willisii) are also seen, extending transversely across the inferior angle of the sinus and, lastly, some small, white,
projecting bodies, the glandules Pacchioni.
This sinus receives the superior
cerebral veins, numerous veins from the diploe and dura mater, and, at the
posterior extremity of the sagittal suture, veins from the pericranium, which pass
through the parietal foramen.
The torcular Herophili is the dilated extremity of the superior longitudinal
sinus.
It is of irregular form, and is lodged on one side (generally the right) of
the internal occipital protuberance.
From it the lateral sinus of the side to
;

;
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which

is

it

deflected

is

derived.

It receives also the

blood from the occipital

sinus.

more correctly described as the inferior
contained in the posterior part of the free margin of the
It is of a cylindrical form, increases in size as it passes backwards,
falx cerebri.
and terminates in the straight sinus. It receives several veins from the falx
cerebri, and occasionally a few from the mesial surface of the hemispheres.
The Straight Sinus is situated at the line of junction of the falx cerebri with
the tentorium. It is triangular in form, increases in size as it proceeds backwards,
and runs obliquely downwards and backwards from the termination of the inferior
longitudinal sinus to the lateral sinus of the opposite side to that into which the
It communicates by a cross branch
superior longitudinal sinus is prolonged.
with the torcular Herophili. Beside the inferior longitudinal sinus, it receives
A few transverse bands cross
the venae Galeni and the superior cerebellar veins.

The

Inferior Longitudinal Sinus,

longitudinal vein,

is

its interior.

The Lateral Sinuses
of the

are of large size,

tentorium cerebelli.

and are situated

They commence

in the attached

margin

at the internal occipital protuber-

ance the one, generally the right, being the direct continuation of the superior
They pass outwards and
longitudinal sinus, the other of the straight sinus.
;

forwards, describing a slight curve with its convexity upwards, to the base of the
petrous portion of the temporal bone, then curve downwards and inwards on
each side to reach the jugular foramen, where, they terminate in the internal
jugular vein.

Each

sinus rests, in

its

course,

upon the inner surface

of

the

mastoid portion of the
termination.
These sinuses

occipital, the posterior inferior angle of the parietal, the

temporal, and on the occipital, again, just before

its

are frequently of unequal size, that formed

by the superior longitudinal sinus
as they proceed from behind forwards.

being the larger, and they increase in size
is of a triangular form, the curved portion semicylindrical.
Their inner surface is smooth, and not crossed by the fibrous bands found in the
other sinuses.
These sinuses receive the blood from the superior petrosal
sinuses at the base of the petrous portion of the temporal bone, and they unite
with the- inferior petrosal sinus, just external to the jugular foramen, to form the
internal jugular vein (fig. 429).
They communicate with the veins of the
pericranium by means of the mastoid and posterior condyloid veins, and they
receive some of the inferior cerebral and inferior cerebellar veins, and some veins

The horizontal portion

-

from the

The

diploe.

It is generally single,
is the smallest of the cranial sinuses.
but occasionally there are two. It is situated in the attached margin of the
falx cerebelli.
It commences by several small veins around the margin of the
foramen magnum, one of which joins the termination of the lateral sinus it
commu.nicates with the posterior spinal veins, and terminates in the torcular
Herophili.

Occipital

;

The sinuses

at the

base of the skull are, the

Cavernous Sinuses.

Superior Petrosal Sinuses.

Circular Sinus.

Inferior Petrosal Sinuses.

Transverse Sinus.

The Cavernous Sinuses are named from their presenting a reticulated structure,
due to their being traversed by numerous interlacing filaments. They are two
in number, of irregular form, larger behind than in front, and are placed one on
each side of the sella turcica, extending from the sphenoidal fissure to the apex
of the petrous portion of the temporal bone they receive anteriorly the ophthalmic
vein through the sphenoidal fissure, and open behind into the petrosal sinuses.
On the inner wall of each sinus is found the internal carotid artery, accompanied
by filaments of the carotid plexus and by the sixth nerve and on its outer wall,
the third, fourth, and ophthalmic division of the fifth nerve.
These parts are
separated from the blood flowing along the sinus by the lining membrane, which
;

;

.
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continvious with the inner coat of the veins.

The cavernous sinuses receive
they communicate with the lateral sinuses byinferior petrosal sinuses, and with the facial vein
thi'ough the ophthalmic vein.
They also communicate with each other by
is

some of the cerebral veins
means of the superior and

means

;

of the circular sinus.

—

Surgical Anatomy, An arterio-venous commiTnication may be established between
the cavernous sinus and the carotid artery, as it lies in it, giving rise to a pulsating
tumour in the orbit. These communications may be the result of injury, such as a bullet
wound, a stab, or a blow or fall sufficiently severe to cause a fracture of the base of the
skull in this situation
or they may occru" idiopathically, from the rupture of an aneurism
or a diseased condition of the internal carotid artery.
The disease begins with sudden
noise and pain in the head, followed by exophthalmos, and development of a pulsating
tumour at the margin of the orbit, with thrih and the characteristic bruit. In some cases
the opposite orbit becomes affected by the passage of the arterial blood into the opposite
sinus by means of the circular sinus.
Or the arterial blood may find its way through the
emissary veins (see page 678) into the pterygoid plexus, and thence into the veins of the
Pulsating tumours of the orbit may also be due to traumatic anemism of one of the
face.
orbital arteries, and symptoms resembling those of pulsating tumour may be produced
by pressm-e on the ophthalmic vein, as it enters the sinus, by an ane\irism of the
internal carotid artery.
;

The ophthalmic

is a large vein, which connects the angular vein at the inner
with the cavernous sinus it pursues the same course as the
ophthalmic artery, and receives tributaiies corresponding to the branches- derived

angle of

|;he orbit

Fig. 427.

;

—Plan showing the relative position of the structures in the right
cavernous sinus, viewed from behind.
Lining membrane of sinus

Dura mater

lining'

pituitary fossa
ision of fifth
Sixtlt,

nerve

nerve

Internal cai ot

Forming a short single trunk, it passes through the inner
extremity of the sphenoidal fissure, and terminates in the cavernous sinus.
The Inferior Ophthalmic Fem.^Sometimes the veins from the floor of the
orbit collect into a separate trunk, the inferior ophthalmic vein, which either
passes out of the orbit through the spheno-maxillary fissure to join the pterygoid
from that vessel.

plexus of veins
or else, passing backwards through the sphenoidal fissure, it
enters the cavernous sinus, either by a separate opening, or in common with the
;

ophthalmic vein.

The Circular Sinus is formed by two transverse

vessels,

which connect together

the one passing in front and the other behind the
pituitary body, and thus forming with the cavernous sinuses a venous circle
around that body. The anterior one is usually the larger of the two, and one or

the two cavernous sinuses

other

is

;

occasional^ found to be absent.

The Superior Petrosal Sinus

is situated along the superior border of the petrous
portion of the temporal bone, in the front part of the attached margin of the
tentorium. It is small and narrow, and connects together the cavernous and

each side. It receives a cerebellar vein [anterior lateral cerefrom the anterior border of the cerebellum, and a vein from the internal

lateral sinuses at
bellar)
ear.

The

is situated in the groove formed by the junction
border of the petrous portion of the temporal with the basilar
process of the occipital.
It commences in front at the termination of the
cavernous sinus, and behind joins the lateral sinus after it has passed through

Inferior Petrosal Sinus

of the posterior
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the jugular foramen the junction of these two sinuses forming the commencement of the internal jugular vein.
The junction of the two sinuses takes place at the lower border of, or just
The exact relation of the parts to one another
external to, the jugular foramen.
the inferior petrosal sinus is in front, with the
in the foramen is as follows
meningeal branch of the ascending pharyngeal artery, and is directed obliquely
downwards and backwards the lateral sinus is situated at the back part of the
;

:

;

foramen with a meningeal branch

of the occipital artery, and between the two
are the glosso-pharyngeal, pneumogastric, and spinal accessory nerves.
These
three sets of structures are divided from each other by two processes of fibrous
The junction of the sinuses takes place superficial to the nerves, so that
tissue.
lie a little internal to the venous channels
These sinuses are semicylindrical in form.

these latter
fig.

429).

The Transverse
between the layers

in

the foramen

(see

Sinus, or basilar sinus, consists of several interlacing veins
dura mater over the basilar process of the occipital

of the

Fig. 428.

— The sinuses

at the

base of the skull,

Opening of mastoid
vein

Torcular Herophili

bone, which serve to connect the two inferior petrosal sinuses.
anterior spinal veins communicate.

Emissary Veins.
in the cranial wall

With them

the

—

The emissary veins are vessels which pass through apertures
and establish communications between the sinuses inside the

skull and the veins external to it.
Some of these are always present, others only
occasionally so.
They vary much in size in different individuals. The principal
emissary veins are the following:
i.
A vein, almost always present, which

—

passes through the mastoid foramen and connects the lateral sinus with the
posterior auricular or with an occipital vein.
2. A vein, which passes through
the parietal foramen and connects the superior longitudinal sinus with the veins
of the scalp.
3. A plexus of minute veins, which pass through the anterior
condyloid foramen and connect the occipital sinus with the vertebral vein and
deep veins of the neck. 4. An inconstant vein, which passes through the posterior
condyloid foramen and connects the lateral sinus with the deep veins of the
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neck.
5. One oi' two veins of considerable size, whicli pass through the foramen
ovale and connect the cavernous sinus with the pterygoid and pharyngeal plexuses.
6. Two or three small veins, which pass through the foramen lacerum medium
and connect the cavernous sinus with the pterygoid and pharyngeal plexuses.
7. There is sometimes a small vein passing through the foramen of Vesalius
connecting the same parts. 8. A plexus of veins passing through the carotid
canal and connecting the cavernous sinus with the internal jugular vein.

—

These emissaiy veins are of great importance in surgery. In
Siirgical Anatomy.
addition to them there are, however, other communications between the intra- and extracranial circulation. As, for instance, the communication of the angular and supra-orbital
veins with the ophthalmic vein, at the inner angle of the orbit (page 669) and the commmiication of the veins of tlie scalp with the diploic veins (page 673). Through these
communications inflammatory processes commencing on the outside of the skull may
ti-avel inwards, leading to osteo-phlebitis of the diploe and inflammation of the membranes
To this must be attributed one of the principal dangers of scalp w"Ounds and
of the brain.
other injuries of the scalp.
Fig. 429.

— Eelation of structures in jugular foramen.

By means of these emissary veins blood may be abstracted almost directly from the
intra-cranial circulation.
For instance, leeches applied behind the ear abstract blood
almost directly from the lateral sinus, through the vein passing through the mastoid
foramen. Again, epistaxis in children will frequently relieve severe headache, the blood
which flows from the nose being derived fromi the longitudinal sinus by means of the vein
which passes through the foramen cfficum, which is another communication between the
intra-cranial and extra-cranial circulation which is constantly found in children.

VEINS OF THE UPPER EXTEEMITY AND THOEAX
The Veins

of the

Upper Extremity

are divided into

two

sets, superficial

and

deep.

The Superficial Veins are placed immediately beneath the integument between
the two layers of superficial fascia.

;
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The Deep Veins accompany the

arteries,

and constitute the venae comites

of

those vessels.

Fig 430.— The superficial veins
extreraity.
the upper
^^
"^

of

^oth sets of vessels are provided with
,
i,
^i
valves which
are more numerous
the
deep than in the superficial.
1

The

m
•

•

superficial

veins of the upper

extremity are, the
Superficial Veins of the

Hand.

Anterior Ulnar.
Posterior Ulnar.
Common Ulnar.
Eadial.

Median.

Median Basilic.
Median Cephalic.
Basilic.

Cephalic.

The Superficial Veins of the Hand and
Fingers are principally situated on the
dorsal surface, and form two plexuses,

an inner and outer, on the back of the
hand. The inner plexus is formed by
the veins from the little finger (vena
salvatella), the ring finger, and the ulnar
side of the middle finger
from it the
anterior and posterior ulnar veins are
derived.
The outer plexus is formed by
veins from the thumb, the index finger,
;

Median

cepliaJi

External —
cutaneous nerve

and radial side of the middle finger
from it the radial vein is derived. These
two plexuses communicate on the back
of the hand, forming the superficial arch
of veins in this
ficial

The

situation.

veins from the

palm

of the

super-

hand

form a plexus in front of the wrist, from
which the median vein is derived.
The Anterior Ulnar Vein commences
on the anterior surface of the ulnar side
of the hand and wrist, and ascends along
the anterior surface of the ulnar side of
the forearm to the bend of the elbow,
where it joins with the posterior ulnar
vein
form the
common ulnar.
to

Occasionally

it

opens

separately into

the median basilic vein. It communicates with branches of the median vein
in front, and with the posterior ulnar

behind.

The Posterior Ulnar Vein commences
on the posterior surface of the ulnar side
of the vmst.
It runs on the posterior
surface of the ulnar side of the forearm,
just below the elbow unites with
the anterior ulnar vein to form the common ulnar, or else joins the median
It communicates with the deep veins of the palm

and

basilic to form the basilic
by a branch which emerges from beneath the Abductor minimi

digiti

muscle
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When it exists
is a short trunk which is not constant.
formed by the junction of the two preceding veins, and, passing upwards
and outwards, joins the median basilic to form the basihc vein. When it does
not exist, tlie anterior and posterior ulnar veins open separately into the median
The Common Ulnar

it is

basilic vein.

The Radial Vein commences from the dorsal surface of the wrist, communipalm by a branch which passes through the

cating with the deep veins of the

It forms a large vessel, which ascends along the radial
and receives numerous veins from both its surfaces. At the
bend of the elbow it unites with the median cephalic to form the cephalic vein.
The Median Vein ascends on the front of the forearm, and communicates
with the anterior ulnar and radial veins. At the iDend of the elbow it receives a
branch of communication from the deep veins, and divides into two branches,
the median cephalic and median basilic, which diverge from each other as they
first

interosseous space.

side of the forearm,

ascend.

The Median Cephalic, usually the smaller of the two, passes outwards in the
groove between the Supinator longus and Biceps muscles, and joins with the
radial to form the cephalic vein.
The branches of the external cutaneous nerve
pass beneath this vessel.
The Median Basilic Vein passes obliquely inwards, in the groove between the
Biceps and Pronator radii teres, and joins the common ulnar to form the basilic.
This vein passes in front of the brachial artery, from which it is separated by a
fibrous expansion (the bicipital fascia) which is given off from the tendon of the
Biceps to the fascia covering the Flexor muscles of the forearm. Filaments of
the internal cu.taneous nerve pass in front as well as behind this vessel.*
Venesection is usually performed at the bend of the elbow, and as a matter of practice
the largest vein in this situation is commonh^ selected. This is usually the median basilic,
and there are anatomical advantages and disadvantages in selecting this vein. The
advantages are, that in addition to its being the largest, and therefore jdelduig a greater
supply of blood, it is the least movable and can be easily steadied on the bicipital fascia
on which it rests. The disadvantages are, that it is in close relationship with the brachial
artery, separated only by the bicipital fascia
and formerly, when venesection was
frequently practised, arterio- venous anemism was no uncommon result of this practice.
Another disadvantage is, that the median basilic is crossed by some of the branches of
the internal cutaneous nerve, and these may be divided in the operation, giving rise to
'traumatic neuralgia of extreme intensity (TiUaux).
;

'

The

Vein is of considerable size, formed by the coalescence of the
ulnar vein with the median basilic. It passes upwards along the inner
side of the Biceps muscle, pierces the deep fascia a little below the middle of the
arm, and, ascending in the course of the brachial artery, to the lower border of
the tendons of the Latissimus dorsi and Teres major muscles, it is continued
onwards as the axillary vein.
The Cephalic Vein courses along the outer border of the Biceps muscle, lying
in the same groove with the upper external cutaneous branch of the musculospiral nerve, to the upper third of the arm
it then passes in the interval between
the Pectoralis major and Deltoid muscles, lying in the same groove with the
descending branch of the acromial- thoracic artery. It pierces the costo-coracoid
membrane, and crossing the axillary artery, it terminates in the axillary vein just
below the clavicle. This vein is occasionally connected with the external
jugular or subclavian, by a branch which passes from it upwards in front of the
Basilic

common

;

clavicle.

The Deep Veins of the Upper Extremity follow the course

of the arteries,

* Cruveilhier says
Numerous varieties are observed in the disposition
of the elbow ; sometimes the common median vein is wanting
but in those
branches are furnished by the radial vein, and the cephalic is almost
rudimentary condition. In other cases, only two veins are found at the bend
the radial and ulnar, which are continuous, without any demarcation, with
and basilic'
:

'

;

of the veins
cases, its two

always in a
of the elbow,
the cephalic
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forming their vense comites. They are generally two in number, one lying on
each side of the corresponding artery, and they are connected at intervals by
short transverse branches.

There are two
fingers

:

digital veins,

accompanying each artery along the

sides of the

these, uniting at their base, pass along the interosseous spaces in the

palm, and terminate in the two vense comites which accompany the superficial

palmar arch. Branches from these vessels on the radial side of the hand accompany the superficialis volee, and on the ulnar side terminate in the deep ulnar
veins.
The deep ulnar veins, as they pass in front of the wrist, communicate
with the interosseous and superficial veins, and, at the elbow, unite with the deep
radial veins to

form the vense comites

of the brachial artery.

The Interosseous Veins accompany the anterior and posterior interosseous
arteries.
The anterior interosseous veins commence in front of the wrist, where
they communicate with the deep radial and ulnar veins at the upper part of
the forearm they receive the posterior interosseous veins, and terminate in the
ven^ comites of the ulnar artery.
The Deep Palmar Veins accompany the deep palmar arch, being formed by
They communitributaries which accompany the ramifications of that vessel.
cate with the deep ulnar veins at the inner side of the hand, and on the outer
;

At the wrist, they
and a palmar tributary from the thumb, and unite with the deep

side terminate in the vense comites of the radial arterj^

receive a dorsal

radial veins.
Accompanying the radial artery, these vessels terminate in the
vense comites of the brachial artery.
The Brachial Veins are placed one on each side of the brachial artery,

corresponding with the branches given off from that
lower margin of the Subscapularis, they join the axillary vein.
These deep veins have numerous anastomoses, not only with each other, but
also with the superficial veins.
The Axillary Vein is of large size, and is the continuation upwards of the
basilic vein.
It commences at the lower border of the tendons of the Teres
major and Latissimus dorsi, increases in size as it ascends, by receiving tributaries corresponding with the branches of the axillary artery, and terminates immediately beneath the clavicle at the outer border of the first rib, where it becomes
the subclavian vein.
This vessel is covered in front by the Pectoral muscles
and costo-coracoid membrane, and lies on the thoracic side of the axillary artery,
which it partially overlaps.
Near its termination it receives the cephalic vein.
This vein is provided with a pair of valves, opposite the lower border of the Subscapularis muscle valves are also found at the termination of the cephalic and
subscapular veins.
receiving tributaries
vessel

:

at the

;

—

Sui'gical Anatomy.
There are several points of siirgicalinterest in connection with
the axillary vein. Being more superficial, larger, and slightly overlapping the axillary
artery, it is more liable to- be wounded in the operation of extirpation of the axillary glands,
especially as these glands, when diseased, are apt to become adherent to the vessel.
When
wounded, there is always a danger of air being drawn into its interior, and death resulting.
This is due not only to the fact that it is near the thorax and therefore liable to be influenced by the respiratory movements, but also because it is adherent by its anterior surface
to the costo-coracoid membrane, and therefore if wounded is likely to remain patulous and
favoiu the chance of air being sucked in. This adliesion of the vein to the fascia prevents
its collapsing, and therefore favours the furious bleeding which takes jilace in these cases.
To avoid wounding the axillary vein in tire extirpation of cancerous glands from the
axilla, no sharp cutting instruments should be used after the axillary cavity has been
freely exposed, and care should be taken to use no undue force in isolating the glands.
Should the vein be so embedded in the malignant deposit that the latter cannot be
removed without taking away a part of the vein, this must be done, the vessel having
been first ligatured above and below.

The Subclavian Vein, the continuation of the axillary, extends from the outer
border of the first rib to the inner end of the clavicle, where it unites with the
internal jugular to form the innominate vein.
It is in relation, in front, with
the clavicle and Subclavius muscle behind, with the subclavian artery, from
;
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is separated internally by the Scalenus anticus muscle and phrenic
Below, it rests in a depression on the first rib and upon the pleura.
Above, it is covered by

which

it

nerve.

^ig. 43i-.--The veniE cav* and azygos veins,
with tneu- formative branches.

the cervical fascia and
integument.
The subclavian vein
occasionally rises in the
neck to a level with the
.

,

,

Siqjei

J

nal jugular

third part of the sub-

clavian artery, and in

Middle

two instances has been
seen passing with this
vessel behind the Scale-

nus anticus. This vessel
is

usually provided with
about an inch

valves

from

termination in
the innominate, just external to the entrance
of the external jugular
its

Mediast
d-

peitcai

vein.

Tributaries.

—

It re-

ceives the external

and

anterior jugular veins

and a small branch
from the cephalic, outside the Scalenus
and
on the inner side of that
;

muscle, the internal
jugular vein. At the
angle of junction with
the internal jugular, the
subclavian
vein
the thoracic
duct
while the right
subclavian vein receives
the
right
lymphatic

left

receives
;

duct.

The Innominate

or

Brachio-cephalic Veins
(fig. 431) are two large
trunks, placed one on

each side of the root of
the

neck, and formed

by

the

union

of the
jugular and
subclavian veins of the

internal

corresponding side.
The Right Innominate Vein is a short
vessel,
an
inch
in

which
commences at the inner
end of the clavicle, and,

length,

passing
cally

the

almost

verti-

downwards, joins with the

first rib,

left

innominate vein just below the cartilage of
form the superior vena

close to the right border of the sternum, to
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on its right side
It lies superficial and external to the innominate artery
cava.
the pleura is interposed between it and the apex of the lung. This vein, at
the angle of junction of the internal jugular with the subclavian, receives the
and, lower down, the right internal mammary, right inferior
right vertebral vein
thyroid, and sometimes the right superior intercostal veins.
The Left Innominate Vein, about two and a half inches in length, and larger
than the right, passes from left to right across the upper and front part of the
chest, at the same time inclining downwards, to unite with its fellow of the
;

;

It is in relation, in front, with the
opposite side, forming the superior vena cava.
piece of the sternum, from which it is separated by the Sterno-hyoid and
Sterno-thyroid muscles, the thymus gland or its remains, and some loose areolar
Behind, it lies across the roots of the three large arteries arising from
tissue.
first

joined by the left vertebral, left internal
left superior intercostal veins, and
There are no valves in the
occasionally some thymic and pericardiac veins.

the arch of the aorta.

mammary,

inferior

left

This vessel
thyroid,

is

and the

innominate veins.

—

Peculiarities.
Sometimes the innorainate veins open separately into the right auricle
but the
in such cases the right vein takes the ordinary course of the superior vena cava
left vein, after commmiicating by a small branch with the right one, passes in front of the
root of the left king, and, tm-ning to the back of the heart, receives the cardiac veins, and
terminates in the back of the right auricle. This occasional condition of the veins in tlie
adult is a regular one in the foetus at an early period, and the two vessels are persistent in
The subsequent changes which take place in these vessels
birds and some mammalia.
;

;

are the following
The communicating branch between the tAvo trunks enlarges and forms
the future left innominate vein the remaining part of the left trunk is obliterated as far
as the heart, where it remains pervious, and forms the coronary sinus a remnant of the
obliterated vessel is seen in adult life as a iibrous band passing along the back of the left
auricle and in front of the root of the left lung, called by Mr. Marshall the vestigial fold
of the jpericardium.
:

;

:

The

mammary veins, two in number to each artery, follow the course
and receive branches corresponding with those derived from it.

internal

of that vessel,

The two veins

of

each side unite into a single trunk, w^hich terminates

in the

innominate vein.

The inferior thyroid veins, two, frequently three or four, in number, arise in
the venous plexus on the thyroid body, communicating with the middle and
superior thyroid veins.
They form a plexus in front of the trachea, behind the
Sterno-thyroid muscle. From this plexus, a left vein descends and joins the left
innominate trunk, and a right vein passes obliquely downwards and outwards
across the innominate artery to open into the right innominate vein, just at its
junction with the superior vena cava. These veins receive oesophageal, tracheal,
and inferior laryngeal veins, and are provided with valves at their termination in
the innominate veins.
The Superior Intercostal Veins return the blood from the upper intercostal
spaces.

The right superior intercostal, much smaller than the left, closely corresponds
with the superior intercostal artery, receiving the blood from the first, or first and
second intercostal spaces, and, passing downw^ards, terminates in the vena
azygos major. Occasionally it opens into the right innominate vein.
The left superior intercostal is always larger than the right, but varies in size
in different subjects, being small when the left upper azygos vein is large, and
vice versa.
It is usually formed by branches from the two or three upper
intercostal spaces, and, passing across the arch of the aorta, terminates in the left
innominate vein. The left bronchial vein and the left superior phrenic open into it.
The Superior Vena Cava receives the blood which is conveyed to the heart
from the whole of the upper half of the body. It is a short trunk, varying from
two inches and a half to three inches in length, formed by the junction of the
two innominate veins. It commences immediately below the cartilage of the
first rib close to the sternum on the right side, and, descending vertically, enters

;
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the pericardium about an inch and a half above the heart, and terminates in the
upper part of the right auricle opposite the upper border of the third left costal
In its course it describes a slight curve, the convexity of which is
cartilage.

turned to the right

side.

—In front,

with the pericardium and process of cervical fascia
which is continuous with it this separates it from the thymus gland, and from
On its right side, with the
the sternum behind, with the root of the right lung.
phrenic nerve and right pleura on its left side, with the commencement of the
innominate artery and the ascending part of the aorta. The portion contained
within the pericardium is covered by the serous layer of that membrane, in its
It receives the vena azygos major just before it enters
anterior three-fourths.
the pericardium, and several small veins from the pericardium and parts in the
mediastinum. The superior vena cava has no valves.
The Azyg^os Veins connect together the superior and inferior vens eavge,
supplying the place of those vessels in the part of the chest which is occupied by
Relations.

;

;

;

the heart.

The

larger, or right azygos vein (vena

azygos major), commences opposite the

lumbar vertebra, by a branch from the right lumbar veins (the
sometimes by a branch from the right renal vein, or from
ascending lumbar)
the inferior vena cava. It enters the thorax through the aortic opening in the
Diaphragm, and passes along the right side of the vertebral column to the fourth
dorsal vertebra, v.'here it arches forward over the root of the right lung, and
terminates in the superior vena cava, just before that vessel enters the pericardium. Whilst passing through the aortic opening of the Diaphragm, it lies
with the thoracic duct on the right side of the aorta and in the thorax, it lies
upon the intercostal arteries, on the right side of the aorta and thoracic duct, and
is partly covered by pleura.
first

or second

;

;

—

Tributaries.
It receives nine or ten lower intercostal veins of the right side,
the vena azygos minor, several oesophageal, mediastinal, and pericardial veins
near its termination, the right bronchial vein and generally the right superior
A few imperfect valves are found in this vein but its tribuintercostal vein.
taries are provided with complete valves.
The intercostal veins on the left side, below the two or three upper intercostal
spaces, usually form two trunks, named the left lower, and the left upper, azygos
;

;

veins.

The

left loioer,

or smaller azygos vein (vena azygos minor),

commences

in the

lumbar region, by a branch from one of the lumbar veins (ascending lumbar), or
from the left renal. It passes into the thorax, through the left crus of the
Diaphragm, and, ascending on the left side of the spine, as high as the eighth
dorsal vertebra, passes across the column, behind the aorta and thoracic
It receives the four or five
duct, to terminate in the right azygos vein.
lower intercostal veins of the left side, and some oesophageal and mediastinal

veins.

The

upper azygos vein varies according to the size of the left superior
It receives veins from the intercostal spaces between the left
superior intercostal vein and highest tributary of the left lower azygos.
They
are usually two or three in nrrmber, and join to form a trunk which ends in the
It sometimes receives the left
right azygos vein, or in the left lower azygos.
bronchial vein. When this vein is small, or altogether wanting, the left superior
intercostal vein will extend as low as the fifth or sixth intercostal space.*
left

intercostal.

For an account of the arrangement of the azygos and superior intercostal veins in a
of consecutive cases from the same dissecting-room, see a paper by Mr. B. G.
Morison, Journ. of Anat. and Phjjs. vol. xiii. p. 346. The most important difference
between his description and that in the test is, that he always found two superior
the vein from the first space being separate, and joining
intercostal veins on both sides
The lower (and larger) superior intercostal vein he
the corresponding innominate vein.
describes as opening into the azygos on the right, and innominate on the left side.
*

number

;
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—

Surgical Anatomy. In obstruction of the infei-ior vena cava, the azygos veins are one
of the principal means by wliich the venous circulation is carried on, connecting as they
do the superior and inferior venae cavae and communicating with the common iliac veins
by the ascending lumbar veins and with many of the tributaries of the inferior vena cava.

that
bronchial veins return the blood from the substance of the lungs
that of
of the right side opens into the vena azygos major, near its termination
the left side, into the left superior intercostal vein or left upper azygos vein.

The

;

;

The Spinal Veins
The numerous venous plexuses placed upon and within the spine may be
arranged into four sets.
spinal column {the dor si-spinal veins).
1. Those placed on the exterior of the
2. Those situated in the interior of the spinal canal, between the vertebrae
and the theca vertebralis {meningo-rachicUan veins).

The veins of the bodies of the vertebrae {vence basis vertebrarum).
cord {m.edulli- spinal).
4. The veins of the spinal
commence by small branches, which receive their
I. The Dorsi-spinal Veins
blood from the integument of the back of the spine, and from the muscles in the
They form a complicated network, which surrounds the
vertebral grooves.
spinous processes, the laminee, and the transverse and articular processes of all
z.

the vertebrae.
Fig. 432.

At the bases

of the transverse processes,

they communicate, by

Transverse section of a dorsal vertebra, showing the spinal veins.
The Dorsi-spinal veins

means of ascending and descending branches, with the veins surrounding the
contiguous vertebrae, and they join with the veins in the spinal canal by branches
which perforate the ligamenta subflava. Other branches pass obliquely forwards
between the transverse processes, and communicate with the intraspinal veins
through the intervertebral foramina. They terminate by joining the vertebral
veins in the neck, the intercostal veins in the thorax, and the lumbar and sacral
veins in the loins and pelvis.
2.

The Meningo-racMdian Veins.

— The principal veins contained in.the spinal

between the theca vertebralis and the vertebrae. They consist
two longitudinal plexuses, one of which runs along the posterior surface of

canal are situated
of

the bodies of the vertebrae {anterior longitudinal spinal veins). The other plexus
{posterior longitudinal spinal veins) is placed on the inner or anterior surface of
the laminae of the vertebrae.
The Anterior Longitudinal Spinal Veins consist of two large, tortuous veins
which extend along the whole length of the vertebral column, from the foramen
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magnum, where they commmiicate by a venous ring around that opening, to the
base of the coccyx, being placed one on each side of the posterior surface of the
bodies of the vertebras, along the margin of the posterior common ligament.
These veins communicate together opposite each vertebra by transverse trunks,
which pass beneath the ligament, and receive the large vence basis vertehrarum
from the interior of the body of each vertebra. The anterior longitudinal spinal
veins are least developed in the cervical and sacral regions.
They are not of
uniform size throughout, being alternately enlarged and constricted.
At the
intervertebral foramina they communicate with the dorsi-spinal veins, and with
the vertebral veins in the neck, with the intercostal veins in the dorsal region,
and with the lumbar and sacral veins in the corresponding regions.
The Posterior Longitudinal Spinal Veins, smaller than the anterior, are
situated one on each side, between the inner surface of the laminae and the theca
vertebralis.

They communicate

the anterior), opposite each
vertebra, by transverse trunks
and with the anterior longitudinal veins, by lateral transverse
branches, which pass from behind
forwards. These veins, by branches
which perforate the ligamenta subflava, join with the dorsi-spinal
From them branches are
veins.
given off, which pass through the
(like

Fig.

intervertebral

433.— Vertical

vertebrae,

;

sectioa of two dorsal
showing the spinal veins.

foramina and join

the vertebral, intercostal, lumbar,
and sacral veins.
3. The Veins of the Bodies of
the Vertebrae

{vence

basis

verte-

brarum) emerge from the foramina
on their posterior surface, and join the transverse trunk connecting the anterior
longitudinal spinal veins.
They are contained in large, tortuous channels in the
substance of the bones, similar in every respect to those foand in the diploe of
the cranial bones.
These canals lie parallel to the upper and lower surface of
the bones.
They commence by small openings on the front and sides of the
bodies of the vertebrae, through which communicating branches from the veins
external to the bone pass into its substance, and converge to the principal canal,
which is sometimes double towards its posterior part, and open into the corresponding transverse branch uniting the anterior longitudinal veins.
They
become greatly developed in advanced age.
4. The Veins of the Spinal Cord {medidli- spinal) consist of a minute, tortuous,
venous plexus which covers the entire surface of the cord, being situated between
the pia mater and arachnoid. These vessels emerge chiefly from the median
furrows, and are largest in the lumbar region.
Near the base of the skull they
unite, and form two or three small trunks, which communicate with the vertebral

and then terminate

the inferior cerebellar veins, or in the inferior
nerves is accompanied by a branch as far
as the intervertebral foramina, where they join the other veins from the spinal

veins,

petrosal sinuses.

Each

in

of the spinal

canal.

There are no valves

VEINS OF THE
The Veins
two

of the

in the spinal veins.

LOWEE EXTEEMITY, ABDOMEN, AND PELVIS
Lower Extremity are

subdivided, like those of the upper, into

and deep the superficial veins being placed beneath the
integument, between the two layers of superficial fascia the dee]D veins accompanying the arteries, and forming the venae comites of those vessels. Both sets
sets, superficial

:

;

,
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veins are provided with valves, which are more numerous in the deep
than in the superficial set. These valves are also more numerous in the lower
than in the upper limb.
Fig. 434. The internal or long
The Superficial Veins
Fig. 435.— External
saphenous
veui
and its
or short
sapheof the Lower Extremity
of

—

branches.

are the

internal

long

or

nous

vein.

saphenous, and the external
or short saphenous.

On
foot

the

dorsum

of the

a

venous

arch,

is

situated in the superficial

structures
terior

over

the

extremities

of

an-

the

metatarsal bones. It has
convexity directed forwards, and receives digital
tributaries from the upper
surface of the toes at its
concavity it is joined by
numerous
small veins,
which form a plexus on
the dorsum of the foot.
The arch terminates internally in the long sapheno us
externally in a short sapits

-t^^

;

henous

7
/;

vein.

The

internal

saphenous vein

or

long

(fig.

434)
inner
side of the arch on the
dorsum of the foot it descends in front of the inner
malleolus, and along the
inner side of the leg, behind the inner margin of

commences

at the

;

accompanied by
saphenous
At the knee, it
nerve.
passes backwards behind
the

the

tibia,

internal

the inner condyle of the
femur, ascends along the inside of the thigh, and,
passing through the saphenous opening in the
fascia lata, terminates in the femoral vein about
an inch and a half below Poupart's ligament.
/
This vein receives in its course cutaneous tributaries from the leg and thigh, and at the saphenous
opening the superficial epigastric, superficial circumflex iliac, and external pudic veins. The veins
from the inner and back part of the thigh frequently unite to form a large vessel, which enters
the main trunk near the saphenous opening and
sometimes those on the outer side of the thigh
join to form another large vessel; so that occasionally three large veins are seen converging from
different parts of the thigh towards the saphenous opening.
The internal
saphenous vein communicates in the foot with the internal plantar vein in
the leg, with the posterior tibial veins, by branches which perforate the tibial
;

;
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and also with the anterior tibial veins at the knee,
with the articular veins in the thigh, with the femoral vein by one or more
branches. The valves in this vein vary from two to six in number they are
more numerous in the thigh than in the leg.
The external or short saphenous vein (fig. 435) commences at the outer side
it ascends behind the outer malleolus,
of the arch on the dorsum of the foot
and along the outer border of the tendo Achillis, across which it passes at an
acute angle to reach the middle line of the posterior aspect of the leg. Passing
directly upwards, it perforates the deep fascia in the lower part of the popliteal
space, and terminates in the popliteal vein, between the heads of the Gastrocnemius muscle.* It receives numerous large tributaries from the back part of
the leg, and communicates with the deep veins on the dorsum of the foot, and
behind the outer malleolus. Before it perforates the deep fascia, it gives off
a communicating branch, which passes upwards and inwards to join the internal
saphenous vein. This vein has a variable number of valves, from three to nine
(Gay), one of which is always found near its termination in the popliteal vein.
The external saphenous nerve lies close beside this vein.
origin of the Soleus muscle,

;

;

;

;

—

Surgical Anatomy. The sapliena veins are of considerable surgical importance, since
a varicose condition of these vessels is more frequently met with than tliose in other parts
The course of the
of the body, except perhaps the spermatic and IiEemorrhoidal veins.
internal saphenous is in front of the tip of the malleolus, over the subcutaneous surface of
the lower end of the tibia, and then along the internal border of this bone, to the back
part of the internal condyle of the femur, whence it follows the course of the Sartorius
muscle and is represented on the surface by a line drawn from the posterior border of the
Sartorius, on a level with the internal condyle, to the saphenous opening.
The short
saphenous lies behind the external malleolus, and from this follows the middle line of
the calf to just below the ham. It is not generallj^ so apparent beneath the skin as the
internal saphenous.
Both these veins in the leg are accompanied by nerves, the internal
saphenous being joined hj its companion nerve just below the level of the knee-joint. No
doubt much of the pain of varicose veins in the leg is due to this fact. On the Contment
the internal saphenous vein as it rests on the tibia just above the lualleolus is sometimes
selected for venesection.

The Deep Veins of the Lower Extremity accompany the arteries and their
branches, and are called the vena comites of those vessels.
The external and internal plantar veins unite to form the posterior tibial veins.
These

latter

accompany the

posterior tibial artery,

and are joined by the

-peroneal

veins.

The anterior tibial veins are formed by a continuation upwards of the venae
comites of the dorsalis pedis artery.
They pass between the tibia and fibula,
through the large oval aperture above the interosseous membrane, and form, by
their junction with the posterior tibial, the popliteal vein.
The valves in the deep veins are very numerous.
The Popliteal Vein is formed by the junction of the venae comites of the
anterior and posterior tibial vessels
it ascends through the popliteal space to
;

where it becomes the femoral
In the lower part of its course, it is placed internal to the artery between
the heads of the Gastrocnemius, it is superficial to that vessel
but above the
knee-joint, it is close to its outer side. It receives the sural veins from the Gastrocnemius muscle, the articular veins, and the external saphenous. The valves
the tendinous aperture in the Adductor magnus,

vein.

;

;

number.
The Femoral Vein accompanies the femoral artery through the upper two-

in this vein are usually four in

In the lower part of its course it
behind it and at Poupart's ligament,

thirds of the thigh.

higher up,

it is

;

lies
it

external to the artery

lies to its

;

inner side, and

* Mr. Gay calls attention to the fact that the external saphenous vein often (he says
invariably) penetrates the fascia at or about the point where the tendon of the Gastrocnemius coiumences, and runs below the fascia in the rest of its course, or soinetimes
among the muscular fibres, to join the popliteal vein. See Gay on Varicose Disease of
the Lower Extremities, p. 24, where there is also a careful and elaborate description of
the branches of the saphena vems.
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on the same plane. It receives numerous muscular tributaries the profunda
femoris and deep external pudic veins join it near Poupart's ligament, and about
an inch and a half below the internal saphenous vein. The valves in this vein
:

are four or five in number.

The External Iliac Vein commences at the termination of the femoral,
beneath the crural arch, and passing upwards along the brim of the pelvis, terminates opposite the sacro-iliac synchondrosis, by uniting with the internal iliac to
form the common iliac vein. On the right side, it lies at first along the inner
but as it passes upwards, gradually inclines
side of the external iliac artery
behind it. On the left side, it lies altogether on the inner side of the artery. It
receives, immediately above Poupart's Ugament, the deep epigastric and deep
circumflex iliac veins and a small pubic vein, corresponding to the pubic branch
According to Friedreich, it frequently contains one and
of the obturator artery.
;

sometimes two valves.

—

Veins.
Two veins accompany the deep epigastric
they usually unite into a single trunk before their termination in the

The Deep Epigastric
artery

;

external iliac vein.

iliac

— Two veins accompany the deep

circumtrunk w4iich crosses the external
artery just above Poupart's ligament, and terminates in the external iliac

The Deep Circumflex Iliac
These unite

flex iliac artery.

Veins.

into a single

vein.

The Internal

Iliac

Vein

is

formed by the venae comites

of the

branches

of the

It receives the blood from
internal iliac artery, the umbilical arteries excepted.
the exterior of the pelvis by the gluteal, sciatic, internal pudic, and obturator

veins and from the organs in the cavity of the pelvis by the hgemorrhoidal and
vesico-prostatic plexuses in the male, and the uterine and vaginal plexuses in
the female. The vessels forming these plexuses are remarkable for their large
;

number

which they contain.
and then behind the internal
iliac artery, and terminates opposite the sacro-iliac articulation, by uniting with
the external iliac to form the common iliac vein. This vessel has no valves.
The internal pudic veins {vence comites) have the same course as the internal
size, their

The

frequent anastomoses, and the

of valves

internal iliac vein lies at first on the inner side,

pudic artery. They receive tributaries corresponding to the branches of the
artery except the tributary corresponding to the dorsal artery of the penis, that
is, the dorsal vein of the penis, w^hich opens into the prostatic plexus.
The hamorrhoidal plexus surrounds the lower end of the rectum, being formed
by the superior hsemorrhoidal veins, tributaries of the inferior mesenteric. It
commences as a series of dilated pouches, about twelve in number, which are
arranged circularly at the verge of the anus and are connected by transverse
branches. From these pouches veins, about six in number, pass upwards in a
they then
straight direction in the submucous tissue for about three inches
pierce the muscular coat and become arranged in a circular manner at right
angles to the long axis of the gut, and eventually unite to form the superior
haemorrhoidal vein.
;

—

Surgical Anatomy. The veins of this plexus are apt to become dilated and varicose,
This is due to several anatomical reasons the vessels are contained in
piles.
very loose, lax connective tissue, so that they get less support from surrounduig structures
than most other veins, and are less capable of resisting increased blood pressure the condition is favoured by gravitation, being influenced by the erect posture, either sittmg or
standing, and b^^ the fact that the superior haemorrhoidal and portal veins have no valves
the veins pass through muscular tissue and are liable to be compressed by its contraction,
especially during the act of defaecation they are affected by every form of portal obstruc-

and form

:

:

:

tion.

The

vesico-prostatic plexus surrounds the

neck and base

of the bladder

and

It communicates with the haemorrhoidal plexus behind, and
prostate gland.
receives the dorsal vein of the penis, which enters the pelvis beneath the sub-

pubic ligament.

This plexus

is

supported upon the sides of the bladder by a

OF THE LOWEE EXTEEMITY

691

The veins composing it are very hable to become
and often contain hard, earthy concretions, called. jMeboliths.

reflection of the pelvic fascia.

varicose,

—

Surgical Anatomy. This plexus is wounded in the lateral operation of lithotomy,
it is through it that septic matter finds its way into the general circulation after this

and

operation.

The

dorsal vein of the penis
of that organ.

from the body

is

which returns the blood
two branches, which are
the penis, and it receives veins from

a vessel of large size,

At

first it

consists of

contained in the groove on the dorsum of
the glands, the corpus spongiosum, and numerous superficial veins these unite
near the root of the penis into a single trunk, which passes through the
suspensory ligament of the penis, pierces the triangular ligament beneath the
pubic arch, and divides into two branches, which enter the prostatic plexus.
;

.The vaginal plexus surrounds the vagina, being especially developed at the
the canal it communicates with the vesical plexus in front, and with
the haemorrhoidal plexus behind.
The uterine 'plexus is situated along the sides and superior angles of the uterus,
between the layers of the broad ligament, receiving large venous canals (the
The veins composing this
uterine sinuses) from the substance of the uterus.
plexus anastomose frequently with each other and with the ovarian veins. They
are not tortuous like the arteries.
The Commoii Iliac Veins are formed by the union of the external and internal
passing obliquely upwards
iliac veins in front of the sacro-iliac articulation
towards the right side, they terminate upon the intervertebral substance between
the fourth and fifth lumbar vertebrse, where the veins of the two sides unite at
an acute angle to form the inferior vena cava. The right common iliac is shorter
than the left, nearly vertical in its direction, and ascends behind and then to the
The left common iliac, longer and more
outer side of its corresponding artery.
oblique in its course, is at first situated on the inner side of the corresponding
Each common iliac receives
artery, and then behind the right common iliac.
The left receives, in
the ilio-lumbar, and sometimes the lateral sacral veins.
addition, the middle sacral vein.
No valves are fou.nd in these veins.
The middle sacral veins accompany the corresponding artery along the front
occasionally in the
of the sacrum, and terminate in the left common iliac vein
angle of junction of the two iliac veins.
orifice of

;

;

;

—

Peculiarities. -The left common iliac vein, instead of joining with the right in its
usual position, occasionally ascends on the left side of the aorta as high as the kidney,
where, after receiving the left renal vein, it crosses over the aorta, and then joins with the
In these cases, the two common iliacs are connected
right vem to form the vena cava.
by a small commiuiicating branch at the spot where they are usually united.*

Vena Cava returns

to the heart the blood from all the parts below
formed by the junction of the two common iliac veins on
the right side of the intervertebral substance between the fourth and fifth lumbar
It passes upwards along the front of the spine, on the right side of the
vertebrae.
aorta, and, having reached the under surface of the liver, is contained in a
groove in its posterior surface. It then perforates the central tendon of the
Diaphragm, enters the pericardium, where it is covered by its serous layer, and
terminates in the lower and back part of the right auricle. At its termination in
the auricle it is provided with a valve, the Eustachian, which is of large size

The

Inferior

the Diaphragm.

during

It is

foetal life.

Relations.

—In front, from below ux3wards, with the mesentery, right spermatic

duodenum, the pancreas, portal vein, and the
which partly and occasionally completely surrounds
it
behind, with the vertebral column, the right crus of the Diaphragm, the right
renal and lumbar arteries, right semilunar ganglion
on the left side with, the
artery, transverse portion of the

posterior surface of the liver,
;

;

aorta.
* See two cases which have been described by Mr. AValsham in the 8t. Bartholomeio's
Hospital Reports, vols. xvi. and svii.
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—

—

In Position. This vessel is sometimes placed on the left side of the
Peculiarities.
aorta, as high as the left renal vein, after receiving which it crosses over to its usual
or it may be placed altogether on the left side of the aorta, as
position on the right side
in such cases, the abdominal and thoracic
far upwards as its termination in the heart
viscera, together with the great vessels, are all transposed.
Point of Termination. Occasionally the inferior vena cava joins the right azygos
;

:

—

size.
In such cases, the superior cava receives the whole of
the blood from the body before transmitting it to the right auricle, except the blood from
the hepatic veins, which passes directly into the right auricle.

vein, whicli is

then of large

Tributaries.

—

course the following veins

It receives in its

Lumbar.

Suprarenal.

Eight Spermatic.

Phrenic.
Hepatic.

Renal.

:

veins, four in number on each side, collect the blood by dorsal
from the muscles and integument of the loins, and by abdominal tributaries from the walls of the abdomen, where they communicate with the epigastric
At the spine, they receive veins from the spinal plexuses, and then pass
veins.
forwards, round the sides of the bodies of the vertebrae beneath the Psoas
magnus, and terminate at the back part of the inferior cava. The left lumbar
The umbar veins
veins are longer than the right, and pass behind the aorta.
are connected together by a longitudinal vein which passes in front of the
transverse processes of the lumbar vertebrae, and is called the ascending lumhar.
It forms the most frequent origin of the corresponding vena azygos, and serves
to connect the common iliac, ilio-lumbar, lumbar, and azygos veins of the corresponding side of the body.
The spermatic veins emerge from- the back of the testis, and receive tributaries
from the epididymis they unite and form a convoluted plexus, called the
s])eTmatic ijlexus {i^exiis 2Jamiyiniformis),^h.ic\i forms the chief mass of the cord;
the vessels composing this plexus are very numerous, and ascend along the
cord in front of the vas deferens below the external abdominal ring they unite
to form three or four veins, which pass along the spermatic canal, and, entering
the abdomen through the internal abdominal ring, coalesce to form two veins,
which ascend on the Psoas muscle, behind the peritoneum, lying one on each
side of the spermatic artery, and unite to form a single vein, which opens on the
on the left side into the
right side into the inferior vena cava, at an acute angle
The spermatic veins are provided with valves.*
left renal vein, at a right angle.
The left spermatic vein passes behind the sigmoid flexure of the colon, and is
thus exposed to pressure from the contents of that bowel.

The lumbar

tributaries

;

;

;

Surgical Anatomy.

—

The spermatic veins are very frequently varicose, constituting
Though it is quite possible that the originating cause
as varicocele.
of this affection may be a congenital abnormality either in the size or number of the
veins of the pampiniform plexus, still it must be admitted that there are many anatomical
reasons why these veins should become varicose viz. the imperfect support afforded to
them by the loose tissue of the scrotum their great length their vertical course their
dependent position their plexiform arrangement in the scrotum, with their termination
their few and imperfect valves
and the fact that
in one small vein in the abdomen
they may be subjected to pressure in their passage through the abdominal wall.
the disease

known

:

;

;

;

;

;

;

The ovarian veins are analogous to the spermatic in the male they form a
plexus near the ovary and in the broad ligament and Fallopian tube, communiThey terminate in the same way as the
cating with the uterine plexus.
spermatic veins in the male.
Valves are occasionally found in these veins.
These vessels, like the uterine veins, become much enlarged during pregnancy.
;

*

Rivington has pointed out that a valve is usually found at the m-ifices of both the
and left spermatic veins. "When no valves exist at the openmg of the left spermatic
vein into the left renal vein, valves are generally present in the left renal vein within
a quarter of an inch from the orifice of the spermatic vein. (Journal of Anatomy and
Physiology, Yol.vii. ]y. 16^.)
right
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The renal veins are of large size, and placed in
The left is longer than the right, and passes in front
origin of the superior mesenteric artery.

front of the renal arteries.*
of the aorta, just

It receives

the

inferior phrenic, and, generally, the left suprarenal veins.

cava, a

little

It

below the

spermatic, the

left

opens into the vena

higher than the right.

The suprarenal veins terminate, on the
left side, in

left

the

left

right side, in the

vena cava

;

on the

renal or phrenic vein.

The phrenic veins follow the course of the phrenic arteries. The Uvo 8U'perior,
small size, accompany the phrenic nerve and comes nervi phrenici artery, and
join the internal mammary.
The tioo inferior phrenic veins follow the course of
the phrenic arteries, and terminate, the right in the inferior vena cava, the left
in the left renal vein.
The hepatic veins commence in the substance of the liver, in the capillary
terminations of the portal vein and hepatic artery these tributaries, gradually
uniting, usually form three large veins, which converge towards the posterior
surface of the liver, and open into the inferior vena cava, whilst that vessel is
situated in the groove at the back part of this organ.
Of these three veins, one
from the right, and another from the left lobe, open obliquely into the inferior
vena cava that from the middle of the organ and lobulus Spigelii having a
straight course.
The hepatic veins run singly, and are in direct contact with the
hepatic tissue.
They are destitute of valves.
of

:

;

PoETAL System of Veins
The portal venous system is composed of four large veins which collect the
venous blood from the viscera of digestion. The trunk formed by their union
{vena portcB) enters the liver and ramifies throughout its substance
and its
branches, again emerging from that organ as the hepatic veins, terminate in the
inferior vena cava.
The branches in this vein are in all cases single, and desti;

tute of valves.

The veins forming the

portal system are, the

Superior Mesenteric.

Inferior Mesenteric.

Splenic.

Gastric.

The superior mesenteric vein returns the blood from the small intestines, and
from the csecum and ascending and transverse portions of the colon, correspondThe
ing with the distribution of the branches of the superior mesenteric artery.
large trunk formed hj the union of these branches ascends along the right side
and in front of the corresponding artery, passes in front of the transverse
portion of the duodenum, and unites, behind the upper border of the pancreas,
with the splenic vein to form the vena portse. It receives the right gastroepiploic vein.

The splenic vein commences by five or six large branches, which return the
blood from the substance of the spleen. These uniting form a single vessel,
which passes from left to right, grooving the upper and back part of the pancreas,
below the artery, and terminates at its greater end by uniting at a right angle
with the superior mesenteric to form the vena portse. The splenic vein is of
large size, and not tortuous like the artery.
It receives the vasa brevia from
the left extremity of the stomach, the left gastro-epiploic vein, pancreatic
branches from the pancreas, the pa,ncreatico-duodenal vein, and the inferior
mesentric vein.

The
flexure,

from the rectum, sigmoid
and descending colon, corresponding with the ramifications of the

inferior mesenteric vein returns the blood

* The student maj- observe that all veins above the Diaphragm, which do not lie on
and that all
the same plane as the arteries which they accompany, he in front of them
veins below the Diaphragm, which do not lie on tlie same plane as the arteries which they
accompany, lie behind them, except the renal and profunda femoris vein.
:
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branches of the inferior mesenteric artery. Ascending beneath the peritoneum in
the lumbar region, it passes behind the transverse portion of the duodenum and
pancreas, and terminates in the splenic vein. Its hgemoxTlioidal branches
inosculate with those of the internal iliac, and thus establish a communication
between the portal and the general venous system.*
Fig. 436.

Note.
generally

— In
it

—Portal vein and

its

branches.

diagram the right gastro-epiploic vein opens into the splenic vein

this

empties

itself into

the superior mesenteric, close to

its

;

termination.

The gastric veins are two in number one, a small vein, corresponds to the
pyloric branch of the hepatic artery
the other, considerably larger, corresponds
:

;

Besides this anastomosis between the portal vein and the branches of the vena cava
other anastomoses between the portal and systemic veins are formed by the communication between the gastric veins and the cesophageal veins which empty themselves into the
vena azygos minor between the left renal vein and the veins of the intestines, especially
of the colon and duodenum; between the veins of the round ligament of the liver and
the portal veins and between the superficial branches of the poi-tal veins of the liver and
the phrenic veins, as pointed out by Mr. Kiernan.
(See Physiological Anatomy, by Todd
;

;

and Bowman,

1859, vol.

ii.

p. 348.)
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The former {pyloric, Walsham) runs along the lesser curto the gastric artery.
vature of the stomach towards the pyloric end, receives branches from the pylorus
and duodenum, and ends in the vena portae. The latter (coronary, Walsham)
begins near the pylorus, runs along the lesser curvature of the stomach, towards
the oesophageal opening, and then curves downwards and backwards between
the folds of the lesser omentum to end in the vena portse.
The Portal Vein is formed by the junction of the superior mesenteric and
vena cava, and behind the
Passing upwards through the

splenic veins, then- union taking place in front of the

upper border

of the great

into

to the

under surface

of the liver,

it

enters the

somewhat enlarged, forming the sinus of the portal
two branches, which accompany the ramifications of the

transverse fissure, where

and divides

of the pancreas.

omentum

right border of the lesser
vein,

end

it is

hepatic artery and hepatic duct throughout the substance of the liver.
Of these
two branches the right is the larger, but the shorter, of the two. The portal vein
is about three or four inches in length, and, whilst contained in the lesser

omentum,

behind and between the hepatic duct and artery, the former being
the latter to the left.
These structures are accompanied by
filaments of the hepatic plexus of nerves, and numerous lymphatics, surrounded by a quantity of loose areolar tissue {capsule of GUsson), and placed
between the layers of the lesser omentum. The vena portge receives the gastric
and cystic veins the latter vein sometimes terminates in the right branch of the
vena portge. Within the liver, the portal vein receives the blood from the
branches of the hepatic artery.
to

lies

the right,

:

Cakdiac Veins

The veins which return the blood from the substance
Anterior Cardiac Vein.
Posterior Cardiac Vein.
Left Cardiac Veins.

of the heart are, the

Eight Cardiac Veins.
Eight or Small Coronary Sinus.
Left or Great Coronary Sinus.

Venae Thebesii.

The Anterior Cardiac Vein (sometimes called Great Cardiac Vein) is a vessel
which commences at the apex of the heart, and ascends

of considerable size,

along the anterior interventricular groove to the base of the ventricles. It then
curves to the left side, around the auriculo-ventricular groove, between the left
aioricle and ventricle, to the back part of the heart, and opens into the great
coronary sinus, its aperture being guarded by two valves. It receives, in its
course, tributaries from both ventricles, but especially the left, and also from the

ascending along the thick margin of the left ventricle,
vessels joining it are provided with valves.
The Posterior Cardiac Vein commences by small tributaries, at the apex of
the heart, communicating with those of the preceding.
It ascends along the
posterior interventricular groove to the base of the heart, and terminates in the
great coronary sinus, its orifice being guarded by a valve.
It receives the veins
from the posterior surface of both ventricles.
The Left Cardiac Veins are three or four small vessels, which collect the
blood from the posterior surface of the left ventricle, and open into the lower
border of the great coronary sinus.
The Right Cardiac Veins are three or four small vessels, which collect the
left auricle
is of

;

one

of these,

considerable size.

The

blood from the anterior surface of the right ventricle. One of these (the vein of
Galen), larger than the rest, runs along the right border of the heart.
They open
separately into the lower part of the right auricle.
The Right or Small Coronary Sinus runs along the groove between the right
auricle and ventricle, to open into the right extremity of the great coronary sinus.
It receives blood from the back part of the right auricle and ventricle.
The left or Great Coronary Sinus is that portion of the anterior cardiac vein
which is situated in the posterior part of the left auriculo-ventricular groove. It
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is about an inch in length, presents a considerable dilatation, and is covered by
the muscular fibres of the left auricle. It receives the veins enumerated above,
and an oblique vein from the back part of the left auricle, the remnant of the
The
obliterated left innominate trunk of the foetus, described by Mr. Marshall.

great coronary sinus terminates in the right auricle, between the inferior vena cava
its orifice being guarded by a semilunar fold
All the veins joining
of the lining membrane of the heart, the coronary valve.

and the auriculo -ventricular aperture,
this

vessel, excepting

the

oblique vein

above mentioned, are provided with

valves.

The Venae Thebesii are numerous minute

veins, which return the blood
from the muscular substance, without entering the venous current.
They open by minute orifices {foramina Thebesii) on the inner surface of the

directly

right auricle.

OF THE LYMPHATICS
Lymphatics have derived
THEcontained
in thek interior

their

name from

{lymjyJia, water).

the appearance of the flnid

They

are also called absorbents,

from the property they possess of absorbing certain materials from the tissues and
conveying them into the circulation.
The lymphatic system includes not only the lymphatic vessels and the glands
through which they pass, but also the lacteal or chyliferous vessels. The lacteals
are the lymphatic vessels of the small intestine, and differ in no respect from the
lymphatics generally, excepting that they contain a milk-white fluid, the chyle,
during the process of digestion, and convey it into the blood through the thoracic
duct.

The lymphatics are exceedingly delicate vessels, the coats of which are so
transparent that the fluid they contain is readily seen through them. They retain
a nearly uniform size, being interrupted at intervals by constrictions, which give
them a knotted or beaded appearance.
These constrictions are due to the
presence of valves in their interior. Lymphatics have been found in nearly every
Such non-vascular
texture and organ of the body which contain blood-vessels.
structures as cartilage, the nails, cuticle, and hair have none, but with these
exceptions it is probable that eventually all parts will be found to be permeated
by these vessels.

The lymphatics are arranged into a su.perficial and deep set. The superficial
lymphatics, on the surface of the body, are placed immediately beneath the integument, accompanying the superficial veins; they join the deep lymphatics in
certain situations by perforating the deep fascia.
In the interior of the body
they lie in the submucous areolar tissue, throughout the whole length of the
gastro-pulmonary and genito-urinary tracts and in the subserous tissue in the
;

cranial, thoracic,

and abdominal

cavities.

The method

of their origin

has been

described along with the other details of their minute anatomy (page 58). Here
it will be sufficient to say that a plexif orm network of minute lymphatics may be
found interspersed among the proper elements and blood-vessels of the several
tissues
the vessels composing which, as well as the meshes between them, are
;

much

larger than those of the capillary plexus.

which pass,

Prom

these networks small

some larger
The deep lymphatics, fewer in number, and larger than the
superficial, accompany the deep blood-vessels.
Their mode of origin is probably
similar to that of the superficial vessels.
The lymphatics of any part or organ

vessels emerge,

either to a neighbouring gland, or to join

lymphatic trunk.

exceed the veins in number, but in size they are much smaller. Their anastomoses also, especially those of the large trunks, are more frequent, and are effected
by vessels equal in diameter to those which they connect, the continuous trunks

same diameter.
The lympkatic or absorbent

retaining the

glands, named also conglobate glands, ai]^ small,
glandular bodies, situated in the course of the lymphatic and lacteal vessels.
In size they vary from a hemp-seed to an almond, and their colour, on section, is
of a pinkish-grey tint, excepting the bronchial glands, which in the a^ult are
mottled with black. Each gland has a layer or capsule of cellular tissue investing it, from which prolongations dip into its substance, forming partitions. The
solid,
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lymphatic and lacteal vessels pass through these bodies in their passage to the
thoracic and lymphatic ducts.
A lymphatic or lacteal vessel, previous to entering
a gland, divides into several small branches, which are nsimedaffere^it vessels. As
they enter, their external coat
Fig. 437.

— The thoracic and right lymphatic duct.

Higli

lympha

becomes continuous with the
capsule of the gland, and the
vessels, much thinned, and
only

consisting

duct

their

of

internal or endothelial coat,
into the gland, and
branch out upon and in the

pass

tissue of the capsule

branches opening

these

;

into

the

lymph sinuses

of the gland.

From

sinuses

these

fine

branches proceed to form a
plexus, the vessels of

which

unite to form a single efferent

which, on emerging
gland, is again
invested with an external
Further details on the
coat.
vessel,

from

the

minute
anatomy of
the
lymphatic vessels and glands
will be found in the chapter
on General Anatomy.

Intercostal

glands

Thoracic Duct

The thoracic duct

(fig.

437) conveys the great mass
of the lymph and chyle into

the blood.

trunk

of

It is the

common

the lymphatic

all

vessels of the body, excepting

those of the right side of the
head, neck, and thorax, and
right

upper

extremity,

the

right lung, right side of the

and the convex surface
the liver.
It varies in
length from fifteen to eighteen
heart,
of

inches in the adult, and extends from the second lumbar
vertebra to the root of the
neck. It commences in the

abdomen by a triangular
tation, the

receptaculum

{reservoir or
quet),

which

dilacliyli

cistern of Pecsituated upon

is

the front of the body of the
second lumbar vertebra, to the

and behind the aorta, by the side of the right crus of the Diaphragm. It
ascends into the thorax through the aortic opening in the Diaphragm, lying to the
right of the aorta, and is placed in the posterior mediastinum in front of the
vertebral column, lying between the aorta and vena azygos major.
Opposite the
right side

fourth dorsal vertebra,

it

inclines towards the left side

and ascends behind the
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arch of the aorta, on the left side of the oesophagus, and behind the first portion
subclavian artery to the upper orifice of the thorax. Opposite the
seventh cervical vertebra, it turns outwards, and then curves downwards over the
subclavian artery, and in front of the Scalenus anticus muscle, so as to form an
arch and terminates in the left subclavian vein, at its angle of junction with
The thoracic duct, at its commencement, is about
the left internal jugular vein.
equal in size to the diameter of a goose-quill, diminishes considerably in its
calibre in the middle of the thorax, and is again dilated just before its terminaIt is generally flexuous in its course, and constricted at intervals so as to
tion.
present a varicose appearance. The thoracic duct not unfrequently divides in the
of the left

;

course into two branches of unequal size, which soon reunite, or
branches which form a plexiform interlacement. It occasionally
divides, at its upper part, into two branches, of which the one on the left side
terminates in the usual manner, while that on the right opens into the right subThe thoracic duct
clavian vein, in connection with the right lymphatic duct.
has numerous valves throughout its whole course, but they are more numerous
in the upper than in the lower part
at its termination it is provided with a pair
of valves, the free borders of which are turned towards the vein, so as to prevent
the passage of venous blood into the duct.

middle of

its

into several

:

Tributaries.

— The

thoracic duct, at

its

commencement, receives four

or five

from the abdominal lymphatic glands, and also the trunk of the
lacteal vessels.
Within the thorax, it is joined by the lymphatic vessels from the
left half of the wall of the thoracic cavity, the lymphatics from the sternal and
intercostal glands, those of the left lung, left side of the heart, trachea, and
oesophagus and, just before its termination, it receives the lymphatics of the left
side of the head and neck, and left upper extremity.
Structure (fig. 63). The thoracic duct is composed of three coats, which
differ in some respects from those of the lymphatic vessels.
The internal coat
consists of a single layer of flattened lanceolate-shaped endothelial cells, with
serrated borders
of a subendothelial layer similar to that found in the arteries
and an elastic fibrous coat, the fibres of which run in a longitudinal direction.
The middle coat consists of a longitudinal layer of white connective tissue with
elastic fibres, external to which are several laminae of muscular tissue, the fibres
of which are for the most part disposed transversely, but some are oblique or
longitudinal, and intermixed with elastic fibres.
The external coat is composed
of areolar tissue, with elastic fibres and isolated fasciculi of muscular fibres.
The Right Lymphatic Duct is a short trvmk, about half an inch in length, and
a line or a line and a half in diameter. It terminates in the right subclavian vein,
at its angle of junction with the right internal jugular vein.
Its orifice is guarded
by two semilunar valves, which prevent the passage of venou^s blood into the duct.
Tributaries.
It receives the lymph from the right side of the head and neck,
the right upper extremity, the right side of the thorax, the right lung and right
side of the heart, and from part of the convex surface of the liver.
large trunks

;

—

;

;

—

Lymphatics of the Head, Face, and Neck

The Lymphatic Glands of the Head (fig. 438) are of small size, few in number,
and confined to its posterior region.
They are the occipital, and posterior
auricular.
The occipital are placed at the back of the head along the
attachment of the Occipito-frontalis muscle.
The posterior auricular are
placed near the upper end of the Sterno-mastoid muscle. Both these sets of
glands are affected in cutaneous eruptions and other diseases of the scalp. In
the face, the superficial lymphatic glands are more numerous they are the
parotid, some of which are superficial and others deeply placed in the substance
of the parotid gland
the zygomatic, situated under the zygoma the buccal, on
the surface of the Buccinator muscle and the internal maxillary, the largest,
:

;

;

;

beneath the ramus of the lower jaw.
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The lymphatic vessels of the scalp are divided into an anterior and a jjosterior
which follow the course of the temporal and occipital vessels. The temporal
accompany the temporal artery in front of the ear, to the parotid lymphatic
glands, from which they proceed to the lymphatic glands of the neck.
The

set,

follow the course of the occipital artery, descend to the occipital
and posterior auricular lymphatic glands, and from thence join the cervical
occipital

glands.

The Lymphatic Vessels

of the

Face are divided into two

sets, superficial

and

deep.

Fig. 438.

The

— The superficial lymphatics and glands of the head,

superficial

the head, and

face,

and neck.

lymphatic vessels of the face are more numerous than those

commence over

of

Those from the frontal region
accompany the frontal vessels they then pass obliquely across the face, running
with the facial vein, pass through the buccal glands on the surface of the Buccinator muscle, and join the submaxillary lymphatic glands. The latter receive the
lymphatic vessels from the lips, and are often found enlarged in cases of malignant
its

entire surface.

;

disease of those parts.

The deep lymphatic vessels of the face are derived from the pituitary
membrane of the nose, the mucous membrane of the mouth and pharynx, and
the contents of the temporal and orbital fossae they accompany the branches of
;

the internal maxillary artery, and terminate in the internal maxillary and cervical
lymphatic glands.
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The lymphatic vessels of the cranium consist of two sets, the meningeal and
The meningeal lymphatics accompany the meningeal vessels, escape
through foramina at the base of the skull, and join the deep cervical lymphatic
The cerehrcd lymphatics are described by Eshmann as being situated
glands.
between the arachnoid and pia mater, as well as in the choroid plexuses of the
lateral ventricles they accompany the trunks of the carotid and vertebral arteries,
cerebral.

;

and probably pass through foramina at the base of the skull, to terminate in the
deep cervical glands. They have not at present been demonstrated in the dura
mater, or in the substance of the brain.
Fig. 439.

— The deep lymphatics and glands of the neck and thorax.

The Lymphatic Glands

of the

Neck

are divided into

two

sets, superficial

may

and

—

(i) The
be arranged in three sets
suhmaxillary ten to fifteen in number, situated beneath the body of the lower jaw
in the submaxillary triangle
(2) suprahyoid, situated in the middle line of the
neck, between the anterior bellies of the two digastric muscles
and (3) cervical,
placed in the course of the external jugular vein between the Platysma and deep

The

superficial cervical glands

:

,

;

;

They are most numerous at the root of the neck, in the triangular
between the clavicle, the Sterno-mastoid, and the Trapezius, where they
are continuous with the axillary glands.
A few small glands are also found on
the front and sides of the larynx.

fascia.

interval
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The deep cervical glands (fig. 439) are numerous and of large size they form
a chain along the sheath of the carotid artery and internal jugular vein, lying by
the side of the pharynx, oesophagus, and trachea, and extending from the base of
the skull to the thorax, where they communicate with the lymphatic glands in that
;

They are subdivided into two sets an upper, ten to twenty in number,
situated about the bifurcation of the common carotid and along the upper part
and a lower, ten to fifteen in number, clustered
of the internal jugular vein
around the lower part of the internal jugular vein, and extending outwards into
cavity.

:

;

the supra-clavicular fossa, where they are continuous with the axillary glands.
Internally, this set is continuous with the mediastinal glands.

The superficial and deep cervical lymphatic vessels are a continuation of those
already described on the cranium and face. iVfter traversing the glands in those
regions, they pass through the chain of glands which lie along the sheath of the
carotid vessels, being joined by the lymphatics from the pharynx, oesophagus,
larynx, trachea, and thyroid gland. At the lower part of the neck, after receiving
some lymphatics from the thorax, they unite into a single trunk, which terminates,
on the

left side, in

the thoracic duct

;

on the right

side, in the right

lymphatic

duct.

—

Surgical Anatojny. The cervical glands are very frequently the seat of tuberculous
This condition is most usually set up by some lesion in those parts from which
trouble.
This excites some inflammation, which subsequently takes on
tliey receive their lymph.
a tuberculous character. It is very desirable therefore for the surgeon, in dealing with
tliese cases, to possess a knowledge of the relation of the respective groups of glands to the
periphery. The folio wing, table is extracted from Mr. Treves's work on Scrofula and its
Gland Diseases.'
Posterior part = suboccipital and mastoid glands.
Frontal and parietal
Seal]).
portions = parotid glands.
Lymphatic vessels from the scalp also enter the superficial cervical set of glands.
of face and nech = submaxillary, parotid, and superficial cervical glands.
External ear = superficial cervical glands.
Loiver lij) = submaxillary and suprahj^oid glands.
Buccal cavity = submaxillary and upper set of deep cervical glands.
Gums of lower jaw = submaxillary glands.
Tongue. Anterior portion = suprahyoid and submaxillar}^ glands. Posterior portion
= upper set of deep cervical glands.
Tonsils and palate = upper set of deep cervical glands.
Pharynx. Upper part = parotid and retro-pharyngeal glands. Lower x^art = upper set
of deep cervical glands.
Larynx, orbit, and roof q/?»o;(i7;= upper set of deep cervical glands.
Nasal fossce = retro-pharyngeal glands, upper set of deep cervical glands. Some
lymphatic vessels from posterior part of the fossae enter the parotid glands.
'

—

SMn

—

—

Lymphatics of the Upper Extremity

The Lymphatic Glands
sets, superficial

The

and

of the Tipper

Extremity

(fig.

440) are divided into two

deep.

few and of small size. There are occatwo or three in front of the elbow, and one or two above the internal
condyle of the humerus, near the basilic vein.
The deep lymphatic glands are few in number and are subdivided into those
in the forearm, the arm, and the axilla.
In the forearm, a few small ones are
occasionally found in the course of the radial and ulnar vessels.
In the arm,
superficial lymphatic glands are

sionally

is a chain of small glands along the inner side of the brachial artery.
One, sometimes two, fairly constant glands are situated a little above and in front
of the inner condyle of the humerus.
In the axilla they are oi large size, and
usually ten or twelve in number. A chain of these glands surrounds the axillary
vessels, embedded in a quantity of loose areolar tissue
they receive the lymphatic vessels from the arm others are dispersed in the areolar tissue of the
axilla
the remainder are arranged in two series, a small chain running along
the lower border of the Pectoralis major, receiving the lymphatics from the
front of the chest and mamma
and others are placed along the lower margin of

there

;

;

:

;
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the posterior wall of the axilla, which receive the lymphatics from the integument
Two or three subclavian lymphatic glands are placed immediately
of the back.
it is through these that the axillary and deep cervical
beneath the clavicle
;

glands communicate with each other.

—

Surgical Anatomy. In malignant diseases, tumours, or other affections implicating
the upper part of the back and shoulder, the front of the chest and mamma, the upper
part of the front and side of the abdomen, or the hand, forearm, and arm, the axillary
glands are liable to be found enlarged.

The

Ijnnpliatic vessels of the

superficial

and

Fig.

The

upper extremity are divided into two

sets,

deep.

440.— The

superficial Ij'mphatics

and glands of the upper extremity.

upper extremity commence on the
two vessels running along either side of each finger, one on the palmar
and the other on the dorsal surface. Those on the palmar surface form an arch
in the palm of the hand, from which are derived two sets of vessels, which pass
up the forearm, taking the course of the subcutaneous veins. The lymphatics
from the dorsal surface of the fingers form a plexus on the back of the hand,

lingers

superficial lymphatic vessels of the

;
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and, winding around the inner and outer borders of the forearm, unite with
those in front. Those from the inner border of the hand accompany the ulnar
veins along the inner side of the forearm to the bend of the elbow, where they
are joined by some lymphatics from the outer side of the forearm they then
follow the course of the basilic vein, communicate with the glands immediately
above the elbow, and terminate in the axillary glands, joining with the deep
lymphatics. The superficial lymphatics from the outer and back part of the
hand accompany the radial veins to the bend of the elbow. They are less
numerous than the preceding. At the bend of the elbow, the greater number
the rest ascend with the cephalic vein on the outer side
join the basilic group
of the arm, some crossing the upper part of the Biceps obliquely, to terminate in
the axillary glands, whilst one or two accompany the cephalic vein in the
;

;

cellular interval

between the Pectoralis major and Deltoid, and enter the sub-

clavian lymphatic glands.
The deep lymphatic vessels of the upper extremity

accompany the deep bloodIn the forearm they consist of four sets, corresponding with the radial,
they pass through the glands occasionally
ulnar, and interosseous arteries
found in the course of those vessels, and communicate at intervals with the
superficial lymphatics. In their course upwards, some of them pass through the
glands which lie upon the brachial artery they then enter the axillary and subclavian glands, and at the root of the neck terminate, on the left side, in the
thoracic duct, and on the right side in the right lymphatic duct.
vessels.

;

;

Lymphatics of the Lower Extremity

The Lymphatic Glands of the Lower Extremity are divided into two sets,
and deep. The superficial are confined to the inguinal region, forming

superficial

the superficial inguinal lympliatic glands.
The superficial inguinal lymphatic glands, placed immediately beneath the
integument, are of large size, and vary from eight to ten in number. They are
an upper oblique set, disposed irregularly along
divisible into two groups
Poupart's ligament, which receive the lymphatic vessels from the integument of
:

the scrotum, penis, parietes of the abdomen, perineal and gluteal regions, and
mucous membrane of the urethra and an inferior vertical set, which surround the saphenous opening in the fascia lata a few being sometimes continued
along the saphenous vein to a variable extent. This latter group receive the
superficial lymphatic vessels from the lower extremity.
the

;

;

—

Surgical Anatomy. These glands frequently become enlarged in diseases implicating
Thus in malignant or sypliilitic affecthe parts from which their lymphatics originate.
tions of the prepuce and penis, or of the labia majora in the female, in cancer scroti, in
abscess in tlie perinseum, or in any other diseases affecting the integument and superficial
structures in those parts, or the subumbilical part of the abdominal wall, or the gluteal
region, tlie upper chain of glands is almost invariably enlarged, the lower chain being
implicated in diseases affecting the lower limb.

The deep lymphatic glands
gluteal,

and

are, the anterior tibial, popliteal,

deep inguinal,

ischiatic.

The anterior tibial gland is not constant in its existence. It is generally
found by the side of the anterior tibial artery, upon the interosseous membrane
at the upper part of the leg.
Occasionally, two glands are found in this
situation.

The

popliteal glands, four or five in

the popliteal vessels,

embedded

number, are

of small size

in the cellular tissue

and

;

fat of

they surround
the popliteal

space.

The deep inguinal glands are placed beneath the deep fascia around the
femoral artery and vein. They are of small size, and communicate with the
superficial inguinal glands through the saphenous opening.
The gluteal and ischiatic glands are placed, the former above, the latter

;
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below, the Pyriformis muscle, resting

on their corresponding vessels as they
pass through the great sacro-sciatic
foramen.

The Lymphatic Vessels of the
Lower Extremity, like the veins, may
be divided into two

and

sets, superficial

deep.

The

superficial lymphatic vessels

are placed beneath the integument in

and are divisible
two groups an internal group,
which follow the course of the interand an external
nal saphenous vein
group, w^hich accompany the external
saphenous. The internal group, the
larger, commence on the inner side
and dorsum of the foot they pass,
some in front, and some behind the
inner ankle, run up the leg with the
internal saphenous vein, pass with it
the superficial fascia,
into

:

;

;

behind the inner condyle

and accompany

it

of the femur,

to the groin,

where

they terminate in the group of superficial inguinal lymphatic glands which
surround the saphenous opening.

Some

the efferent vessels from
glands pierce the cribriform
fascia and sheath of the femoral vessels, and terminate in a lymphatic
gland contained in the femoral canal,
thus establishing a communication
between the lymphatics of the lower
extremity and those of the trunk
others pierce the fascia lata, and join
the deep inguinal glands.
The external group arise from the outer side
of the foot, ascend in front of the leg,
and, just below the knee, cross the
tibia from without inwards, to join
the lymphatics on the inner side of
the thigh.
Others commence on the
outer side of the foot, pass behind the
outer malleolus, and accompany the
external saphenous vein along the
back of the leg, where they enter the
of

these

popliteal glands.

The deep lymphatic vessels of the
lower extremity are few in number,
and accompany the deep blood-vessels.
In the leg, they consist of three
tibial, peroneal, and
which accompany the
corresponding blood-vessels, two or

sets,

the anterior

posterior tibial,

to each artery
they ascend
with the blood-vessels, and enter the
lymphatic glands in the popliteal

three

;

—
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Fig. 441. The superficial lymphatics and
glands of the lower extremity.
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the efferent vessels from these glands accompany the femoral vein, and
from these, the vessels pass beneath Poupart's
ligament, and communicate with the chain of glands surrounding the external

space

;

join the deep inguinal glands

;

iliac vessels.

The deep lymphatic vessels of the gluteal and ischiatic regions follow the
course of the blood-vessels, and join the gluteal and ischiatic glands at the great
sacro- sciatic foramen.
Lymphatics of the Pelvis and Abdomen

The Lymphatic Glands
and the

sacral.

Fig. 442.

Those

in the Pelvis are, the external

of the

abdomen

iliac,

the internal

iliac,

are the lumbar glands.

— The deep lymphatic vessels and glands of the abdomen and pelvis.

Lumbar glands

Sacral glands

A

Internal
glands

iliac

External
glands

iliac

Deep
incjuinal

glands

Veep

The external
iliac vessels,

iliac

ly niphatics

of penis

glands form an uninterrupted chain round the external
commencement of the vessels just

three being placed round the
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behind the crural arch. They communicate below with the deep inguinal lymphatic glands, and above with the lumbar glands.
The internal iliac glands surround the internal iliac vessels they receive the
lymphatic vessels corresponding to the branches of the internal iliac artery, and
;

communicate with the lumbar glands.
The sacral glands occupy the sides of the anterior surface of the sacrum,
some being situated in the meso-rectal fold. These and the internal iliac glands
are affected in malignant disease of the bladder, rectum, or uterus.
The lumbar glands are very numerous ; they are situated on the front of the
vertebrae, surrounding the common iliac vessels, the aorta, and vena
they receive the lymphatic vessels from the lower extremities and pelvis,
as well as from the testes and some of the abdominal viscera the efferent vessels
from these glands unite into a few large trunks, which, with the lacteals, form
In addition to these there are a few
the commencement of the thoracic duct.

lumbar
cava

;

;

small lateral lumbar glands, which lie between the transverse processes of the
In
vertebrae, behind the Psoas muscle, and receive lymphatics from the back.
some cases of malignant disease these glands become enormously enlarged, completely surrounding the aorta and vena cava, and occasionally greatly contracting
In all cases of malignant disease of the testis, and
the calibre of those vessels.
in malignant disease of the lower limb, before any operation is attempted, careful examination of the abdomen should be made, in order to ascertain if any
enlargement exists and if any should be detected, all operative measures should
;

be avoided as fruitless.
The Lymphatic Vessels of the
sets, superficial

and

Abdomen and

Pelvis

may

be divided into two

deei].

vessels of the walls of the abdomen and pelvis
course of the superficial blood-vessels. Those derived from the
integument of the lower part of the abdomen below the umbilicus follow the
course of the superficial epigastric vessels and converge to the superior group of
a deeper set accompany the deep epigastric
the superficial inguinal glands
The superficial lymvessels, and communicate with the external iliac glands.
phatics from the sides of the lumbar part of the abdominal wall wind round the
crest of the ilium, accompanying the superficial circumflex iliac vessels, to join
the superior group of the superficial inguinal glands the greater number, however, run backwards along with the ilio-lumbar and lumbar vessels, to join the

The

superficial lymphatic

the

follow

;

;

lateral

lumbar glands.

The

superficial lymphatic vessels of the gluteal region turn horizontally round
the outer side of the nates, and join the superficial inguinal glands.
The superficial lymphatic vessels of the scrotum and perinaeum follow the

course of the external pudic vessels, and terminate in the superficial inguinal
glands.

The

superficial lymphatic vessels of the penis

occupy the sides and dorsum

of

the organ, the latter receiving the lymphatics from the skin covering the glans
penis they all converge to the upper chain of the superficial inguinal glands.
;

The deep lymphatic vessels of the penis follow the course of the internal pudic
vessels, and join the internal iliac glands.
In the female, the lymphatic vessels of the mucous membrane of the labia,
nymphse, and clitoris terminate in the upper chain of the inguinal glands.
The deep lymphatic vessels of the abdomen and pelvis take the course of the
principal blood-vessels. Those of the parietes of the pelvis, which accompany the
gluteal, ischiatic, and obturator vessels, follow the course of the internal iliac
artery, and ultimately join the lumbar lymphatics.
The efferent vessels from the inguinal glands enter the pelvis beneath Poupart's
ligament, where they lie in close relation with the femoral vein they then pass
through the chain of glands surrounding the external iliac vessels, and finally
terminate in the lumbar glands. They receive the deep epigastric and circumflex
;

iliac

lymphatics.
z z 2

—
LYMPHATICS

7o8

The lymphatic
organ *

;

vessels of the bladder arise

the greater

from the entire surface

number run beneath the peritoneum on

its

of the

posterior surface

and, after passing through the lymphatic glands in that situation, join with the
lympliatics from the prostate and vesiculae seminales, and enter the internal iliac
glands.

The lymphatic vessels of the rectum are of large size after passing through
some small glands that lie upon its outer wall and in the meso-rectum, they pass
;

to the sacral glands.
The lymphatic vessels of the uterus consist of

two

sets, superficial

and

'dee})

;

the former being x^laced beneath the peritoneum, the latter in the substance of
the organ. The lymphatics of the cervix uteri, together with those from the
vagina, enter the internal iliac and sacral glands those from the body and
fundus of the uterus pass outwards in the broad ligaments, and, being joined
;

by the lymphatics from the ovaries, broad ligaments, and Fallopian tubes, ascend
with the ovarian vessels to open into the lumbar glands. In the unimpregnated uterus they are small

;

but during gestation they become very greatly

enlarged.

The lymphatic vessels of the testicle consist of two sets, superficial and deep
the former commence on the surface of the tunica vaginalis, the latter in the
epididymis and body of the testis. They form several large trunks, which ascend
with the spermatic cord, and, accompanying the spermatic vessels into the
abdomen, terminate in the lumbar glands hence the enlargement of these
glands in malignant disease of the testis.
;

;

The lymphatic

vessels of the

organ

kidney arise on the surface, and also

in the

they join at the hilum, and, after receiving the lymphatic
vessels from the ureter and suprarenal capsules, open into the lumbar glands.
The lymphatic vessels of the liver are divisible into two sets, sttperficial and
The former arise in the subperitoneal areolar tissue over the entire surface
deep.
Those on the convex surface may be divided into four groups
of the organ.
1. Those which pass from behind forwards, consisting of three or four branches,
which ascend in the longitudinal ligament, and unite to form a single trunk,
which passes up between the fibres of the Diaphragm, behind the ensiform cartilage, to enter the anterior mediastinal glands, and finally ascends to the root of
2. Another group, which
the neck, to terminate in the right lymphatic duct.
also incline from behind forwards, are reflected over the anterior margin of the
liver, to its under surface, and from thence pass along the longitudinal fissure to
the glands in the gastro-hepatic omentum.
3. A third group incline outwards to
the right lateral ligament, and, uniting into one or two large trunks, pierce the
Diaphragm, and run along its upper surface to enter the anterior mediastinal
glands or, instead of entering the thorax, turn inwards across the crus of the
Diaphragm, and open into the commencement of the thoracic duct. 4. The
fourth group incline outwards from the surface of the left lobe of the liver to the
left lateral ligament, pierce the Diaphragm, and, passing forwards, terminate in
the glands in the anterior mediastinum.
The superficial lymphatics on the under surface of the liver are divided into
interior of the

;

:

;

—

i
Those on the right side of the gall-bladder enter the lumbar glands.
Those surrounding the gall-bladder form a remarkable plexus they accompany the hepatic vessels, and open into the glands in the gastro-hepatic omentum.
3. Those on the left of the gall-bladder pass to the oesophageal glands, and to the
glands which are situated along the lesser curvature of the stomach.
The deep lymphatics accompany the branches of the portal vein and the
hepatic artery and duct through the substance of the liver passing out at the

three sets

:

.

2.

;

;

transverse fissure, they enter the lymphatic glands along the lesser cu.rvature of
the stomach and behind the pancreas, or join with one of the lacteal vessels
previous to its termination in the thoracic duct.
*

Curnow

states that they are contined to the base of the organ.
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The lymphatic glands of the stomach are of small size they are placed along
and greater curvatures, some within the gastro-splenic omentum, whilst
others surround the cardiac and pyloric orifices.
The lymphatic vessels of the stomach consist of two sets, superficial and deep
the former originating in the subserous, and the latter in the submucous coat.
They follow the course of the blood-vessels, and may consequently be arranged
The first group accompany the gastric vessels along the lesser
into three groups.
curvature, receiving branches from both surfaces of the organ, and pass to the
glands around the pylorus. The second group pass from the great end of the
stomach, accompanying the vasa brevia, and enter the splenic lymphatic glands.
The third group run along the greater curvature with the right gastro-epiploic
vessels, and terminate at the root of the mesentery in one of the principal lacteal
;

the lesser

;

vessels.

The lymphatic glands of the spleen occupy the hilum. Its lymphatic vessels
two sets, superficial and deep the former are placed beneath its
peritoneal covering, the latter in the substance of the organ they accompany the
consist of

;

;

blood-vessels, passing through a series of small glands, and, after receiving the

lymphatics from the pancreas, ultimately pass into the thoracic duct.

The Lymphatic System of the Intestines

%.

The lymphatic glands

between the layers of
meshes formed by the superior mesenteric vessels,
and hence called mesenteric glands. They vary in number from a hundred to a
hundred and fifty and in size, from that of a pea to that of a small almond.
These glands are most numerous, and largest above, near the duodenum, and
of the small intestine are placed

the mesentery, occupying the

;

This latter group
with deposit in cases of fever accompanied with

below, opposite the termination of the ileum in the colon.

becomes enlarged and

infiltrated

ulceration of the intestines.

The lymphatic glands of the large intestine are much less numerous than the
mesenteric glands they are situated along the vascular arches formed by the
arteries previous to their distribution, and even sometimes upon the intestine
itself.
They are fewest in number along the transverse colon, where they form
an uninterrupted chain with the mesenteric glands.
The lymphatic vessels of the small intestine are called lacteals from the
milk-white fluid they usually contain they consist of two sets, superficial and
deep the former lie between the layers of the muscular coat and between the
muscular and peritoneal coats, taking a longitudinal course along the outer side of
the intestine the latter occupy the submucous tissue, and course transversely
round the intestine, accompanied by the branches of the mesenteric vessels
they pass between the layers of the mesentery, enter the mesenteric glands, and
finally unite to form two or three large trunks which terminate in the thoracic
;

;

:

;

;

duct.

The lymphatic vessels of the large intestine consist of two sets those of the
caecum, ascending and transverse colon, which after passing through their proper
:

glands, enter the mesenteric glands
flexure,

and rectum, which pass

;

and those of the descending
lumbar glands.

colon, sigmoid

to the

The Lymphatics of the Thoeax
The Lymphatic Glands of the Thoracic Wall are, the intercostal, internal
mammary, anterior mediastinal, and posterior mediastinal.
The intercostal glands are small, irregular in number, and situated on each
of the spine, near the costo- vertebral articulations, some being placed
between the two planes of intercostal muscles.
The internal mammary glands are placed at the anterior extremity of each
intercostal space, by the side of the internal mammary vessels.
side
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The

anterior mediastinal glands are placed in the loose areolar tissue of the
some lying upon the Diaphragm in front of the pericardium,

anterior mediastinum,

and others round the great vessels

The

at the base of the heart.

posterior mediastinal glands are situated

posterior mediastinum, forming a continuous chain

in the areolar tissue in the

by the

side of the aorta

and

oesophagus they communicate on each side with the intercostal, below with the
lumbar, and above with the deep cervical glands.
The Superficial Lymphatic Vessels of the Front of the Thorax run across the
great Pectoral muscle, and those on the back part of this cavity lie upon the
Trapezius and Latissimus dorsi they all converge to the axillary glands. The
lymphatics from the greater part of the mammary gland pass outwards to the
lower border of the Pectoralis major muscle, where they enter a chain of small
glands, situated in the axillary space along the lower border of its anterior
boundary. Some few lymphatics from the inner side of the mammary gland pass
through the intercostal spaces to reach the anterior mediastinal glands.
The Deep Lymphatic Vessels of the Thoracic Wall are, the intercostal, internal
mammary, and diaphragmatic.
The intercostal lymphatic vessels follow the course of the intercostal vessels,
receiving lymphatics from the intercostal muscles and pleura they pass backwards to the spine, and unite with lymphatics from the back part of the thorax
and spinal canal. i\.fter traversing the intercostal glands, they pass down the
spine, and terminate in the thoracic duct.
The internal mammary lymphatic vessels follow the course of the internal
mammary vessels they commence iii the muscles of the abdomen above the
umbilicus, communicating with the epigastric lymphatics, ascend between the
fibres of the Diaphragm at its attachment to the ensiform appendix, and in their
course behind the costal cartilages are joined by the intercostal lymphatics
they terminate on the right side in the right lymphatic duct, on the left side in
;

;

;

;

;

the thoracic duct.

The lymphatic vessels of the Diaphragm follow the course of their corresponding vessels, and terminate, some in front in the anterior mediastinal and
internal mammary glands, some behind in the intercostal and posterior mediastinal lymphatics.

The Lymphatic Glands of the Viscera of the Thorax are the bronchial glands.
The bronchial glands are situated round the bifurcation of the trachea and
They are ten or twelve in number, the largest being placed
roots of the lungs.
opposite the bifurcation of the trachea, the smallest round the bronchi and their
primary divisions for some little distance within the substance of the lungs. In
infancy they present the same appearance as lymphatic glands in other situations
in the adult they assume a brownish tinge, and in old age a deep black
colour.
Occasionally, they become sufficiently enlarged to compress and narrow
the canal of the bronchi and they are often the seat of tubercle or cretaceous
;

;

deposits.

The lymphatic vessels of the lung consist of two sets, superficial and deep
the former are placed beneath the pleura, forming a minute plexus, which covers
the outer surface of the lung; the latter accompany the blood-vessels, and run
along the bronchi they both terminate at the root of the lungs in the bronchial
glands.
The efferent vessels from these glands, two or three in number, ascend
upon the trachea to the root of the neck, traverse the tracheal and oesophageal
glands, and terminate on the left side in the thoracic duct, and on the right side
:

:

in the right

lymphatic duct.

The cardiac lymphatic

vessels consist of

two

sets, superficial

and deep

:

the

former arise in the subserous areolar tissue of the surface, and the latter in the
deeper tissues of the heart. They follow the course of the coronary vessels those
of the right side unite into a trunk at the root of the aorta, which, ascending
across the arch of that vessel, passes backwards to the trachea, upon which it
ascends, to terminate at the root of the neck in the right lymphatic duct. Those
:
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base of the heart, which, passing
along the pulmonary artery, and traversing some glands at the root of the aorta,
ascends on the trachea to terminate in the thoracic duct.
The thymic lymphatic vessels arise from the under surface of the thymus
gland, and terminate on each side in the internal jugular veins.
The thyroid lymphatic vessels arise from either lateral lobe of this organ
they converge to form a short trunk, w^hich terminates on the right side in the
right lymphatic duct, on the left side in the thoracic duct.
The lymphatic vessels of the oesophagus form a plexus round that tube,
traverse the glands in the posterior mediastinum, and after communicating with
the pulmonary lymphatic vessels near the roots of the lungs, terminate in the
of the left side unite into a single vessel at the

;

thoracic duct.

•

—
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Nervous System

matter,

called,

composed:

is

collectively,

i.

Of a

series of large centres of nerve-

cerebrospinal

the

centres

or

axis.

2.

Of

nerves, connected either with the
smaller centres, termed ganglia.
3. Of
And 4. Of certain modifications of the
cerebro-spinal axis or the ganglia.
peripheral terminations of the nerves, forming the organs of the external senses.
The Cerebro-spinal Centre consists of two parts, the spinal cord and the

encephalon the latter may be subdivided into the cerebrum, the cerebellum, the
pons Varolii, and the medulla oblongata.
:

THE SPINAL COED AND
Dissection.

— To dissect the cord and

whole length of the spinal canal.

For

its

ITS

membranes,

this pin-pose, the

MEMBEANBS
it will be necessary to lay open the
muscles must be separated from

the vertebral grooves, so as to expose the spinous processes and laminae of the vertebrae
and the latter must be sawn through on each side, close to the roots of the transverse
processes, from the thhd or fourth cervical vertebra above, to the sacrum below.
The
vertebral arches having been displaced by means of a chisel, and the separate fragments
removed, the dura mater will be exposed, covered by a plexus of veins and a quantity of
The arches of the upper vertebrae
loose areolar tissue, often infiltrated with serous fluid.
are best divided by means of a strong pair of cutting bone-forceps.
;

Membeanes of the Cokd
The membranes which envelop the spinal cord are three in number. The
most external is the dura mater, a strong fibrous membrane, which forms a loose
sheath around the cord. The most internal is the _2Jift mater, a cellulo-vascular
membrane which closely invests the entire surface of the cord. Between the
two is the arachnoid membrane, a non-vascular membrane, which envelops
the cord, and is connected to the pia mater by slender filaments of connective
tissue.

The Dura Mater of the cord, continuous with that which invests the brain, is
which surrounds the cord, and is separated from the bony walls of
the spinal canal by a quantity of loose areolar tissue, and a plexus of veins. It
is attached to the circumference of the foramen magnum, and to the posterior
common ligament, especially at the lower end of the spinal canal, by fibrous
slips
and extends below as far as the second or third piece of the sacrum here
it converges to form a blunt cone, from the apex of which it descends as a sheath
for the filum. terminale to the back of the coccyx, where it blends with the
periosteum. The sheath is much larger than is necessary for its contents, and its
size is greater in the cervical and lumbar regions than in the dorsal.
Its inner
surface is smooth.
On each side may be seen the double openings which
transmit the two roots of the corresponding spinal nerve, the fibrous layer of the
dura mater being continued in the form of a tubular prolongation on them as
a loose sheath

;

;

they pass through these apertures. These prolongations of the dura mater are
short in the upper part of the spine, but become gradually longer below, forming
a number of tubes of fibrous membrane, which enclose the sacral nerves, and are
contained in the spinal canal.

The chief peculiarities of the dura mater of the cord, as
investing the brain, are the following
:

compared with that

MEMBEANBS OF THE COED
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The dura mater of the cord is not adherent to the bones of the spinal canal,
which have an independent periosteum.
It does not send partitions into the fissures of the cord, as in the brain.
Its fibrous laminae do not separate, to form venous sinuses, as in the brain.
Structure.
The dura mater consists of white fibrous and elastic tissue,
arranged in bands or lamellge, which, for the most part, are parallel with one
another and have a longitudinal arrangement. Its
internal surface is covered by a layer of endothelial
Fig. 443. The spinal cord
and its membranes.
cells, which gives this surface its smooth appearIt is sparingly supplied with vessels
and
ance.
some few nerves have been traced into it.
The Arachnoid is exposed by slitting up the
dura mater, and reflecting that membrane to either

—

—

;

side

(fig.

443).

It is a thin, delicate, tubular

mem-

which invests the surface of the cord, and
connected to the pia mater by slender filaments

brane,
is

connective tissue. Above, it is continuous with
cerebral arachnoid
on each side it is continued on the various nerves, so as to form a
sheath for them as they pass outwards to the intervertebral foramina.
The outer surface of the
arachnoid is in contact with the inner surface of
the dura mater, and the two are, here and there,
connected together by isolated connective-tissue
trabeculae, especially on the posterior surface of the
cord.
For the most part, however, the membranes
are not connected together, and the interval between
them is named the suhdural space.
The inner
surface of the arachnoid is separated from the pia
mater by a considerable interval, which is called the
subarachnoidean space. The space is largest at the
lower part of the spinal canal, and encloses the mass
of nerves which form the cauda equina.
Superiorly it is continuous mth the
cranial subarachnoid space, and communicates with the general ventricular
cavity of the brain, by means of an opening in the pia mater, at the inferior
boundary of the fourth ventricle {foramen of Majendie)
It contains an abundant
serous secretion, the cerebrospinal fluid. This secretion is sufficient in amount
to expand the arachnoid membrane, so
as to completely fill up the whole of the
Fig. 444. Transverse section of the
spinal cord and its membranes.
space included in the dura mater. The
of

the

;

.

—

subarachnoidean space is occupied by
,eeiS^
trabecule of delicate connective tissue,
connecting the pia mater on the one
hand with the arachnoid membrane on
the other.
This is named subarachnoid
tissue.
In addition to this it is partially
subdivided by a longitudinal membranous partition, which serves to connect
the arachnoid with the pia mater,
opposite the posterior median fissure.
This partition is incomplete, and cribriform in structure, consisting of bundles of white fibrous tissue, interlacing with
each other. This space is to be regarded as, in reality, a great lymph-space, from
which the lymph carried to it by the perivascular lymphatics (seepage 58) is conveyed back into the circulation.
Structure.
The arachnoid is a delicate membrane, made up of closely
arranged interlacing bundles of connective tissue in several layers.
The Pia Mater of the cord is exposed on the removal of the arachnoid

—
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It covers the entire surface of the cord, to which it is very intimately
(fig. 443).
adherent, forming its neurilemma, and sending a process downwards into its
anterior fissure.
It also forms a sheath for each of the filaments of the spinal
A longitudinal fibrous band extends
nerves, and invests the nerves themselves.

along the middle line on

its

anterior surface, called by Haller the linea spleiidens

;

and a somewhat similar band, the ligamentitvi denticulatum, is situated on each
At the point where the cord terminates, the pia mater becomes contracted,
side.
and is continued down as a long, slender filament {filum terminale), which
descends through the centre of the mass of nerves forming the cauda equina, and
is blended with the sheath of dura mater, on a level with the second or thkd
maintaining the cord in its position during the
from this circumstance called the central ligaIt contains a little grey nervous substance, which may
meyit of the spinal cord.
be traced for some distance into its upper part, and is accompanied by a small
artery and vein,
At the upper part of the cord, the pia mater presents a greyish,
mottled tint, which is owing to yellow or brown pigment-cells scattered among

sacral vertebra.

movements

It

assists

of the trunk,

in

and

is

the elastic fibres.

—

The pia mater of the cord is less vascular in structure, but
and denser, than the pia mater of the brain, with which it is continuous.
It consists of two layers
an outer composed of bundles of connective-tissue
fibres, arranged for the most part longitudinally
and an inner consisting of stiff
bundles of the same tissue, which present peculiar angular bends, and is covered
on both surfaces by a layer of endothelium. Between the two layers are a
number of cleft-like lymphatic spaces, which communicate with the subarachnoid
cavity, and a number of blood-vessels, which are enclosed in a perivascular
sheath, derived from the inner layer of the pia mater, into which the lymphatic
spaces open. It is also supplied with nerves, which are derived from the symStructure.

thicker

:

;

pathetic.

The Ligamentum Denticulatum (fig. 443) is a narrow fibrous band, situated on
each side of the spinal cord, throughout its entire length, and separating the
anterior from the posterior roots of the spinal nerves.
It has received its name
from the serrated appearance which it presents. Its inner border is continuous
with the pia mater, at the side of the cord. Its outer border presents a series of
triangular, dentated serrations, the points of which are fixed at intervals to the
dura mater. These serrations are twenty-one in number, on each side, the first
being attached to the dura mater, opposite the margin of the foramen magnum
between the vertebral artery and the hypoglossal nerve and the last near the
lower end of the cord. Its use is to support the cord in the fluid by which it is
surrounded.
;

—

Surgical Anatomy. Evidence of great value in the diagnosis of meningitis may be
obtained by puncturing the theca of the cord and withdrawing some of the cerebro-spinal
fluid, and tlie operation is regarded by some as curative, under the supposition that the
draining away of the cerebro-spinal tiuid would relieve the patient by diminishing the
intra-cranial pressure.
The operation is performed by inserting a trocar, of the smallest
size, between the lamina of the third and fourth or the fourth and fifth lumbar vertebras
through the ligaiuentuiu subflava. The spinal cord even of a child at birth does not reach
below the third lumbar vertebra, and therefore the canal maj' be punctured between the
third and fourth vertebra without any risk of injiuing its contents. The point of puncture
is indicated by laying the child on its side and dropping a perpendicular line from the
highest point of the crest of the ilium this will cross the upper border of the spine of
the fourth lumbar vertebra, and will indicate the level at which the trocar should be
inserted a little to one side of the median line.
;

The Spinal Coed
The Spinal Cord {medulla spinalis) is the cylindrical elongated part of the
cerebro-spinal axis which is contained in the vertebral canal.
Its length is
usually about seventeen or eighteen inches, and its weight, when divested of its
membranes and nerves, about one ounce and a half its proportion to the
;
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encephalon being about
contained,

its

investing

i

to

^;^.

It
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does not nearly

fill

the canal in

which

it

is

membranes being separated from the surrounding walls

by areolar tissue and a plexus of veins. It occupies, in the adult, the upper
two-thirds of the vertebral canal, extending from the upper border of the atlas
to the lower border of the body of the first lumbar vertebra, where it terminates
in a slender filament of grey substance,

which

is

continued for some distance

into ihe filum terminale.
In the foetus, before the third month it extends to the
bottom of the sacral canal but after this period it gradually recedes from below,
;

as the

growth

of the

that of the cord

;

bones composing the canal

is

more rapid

in proportion

than

so that in the child at- birth the cord extends as far as the

lumbar vertebra. Its position varies also according to the degree of curvature of the spinal column, being raised somewhat in flexion of the spine.
On
third

examining its surface, it presents a difference in its diameter in different parts,
being marked by two enlargements, an upper or cervical, and a lower or lumbar.
The cervical enlargement, which is the larger, extends from about the third
cervical to the first or second dorsal vertebra its greatest diameter is in the
transverse direction, and it corresponds with the origin of the nerves which
supply the upper extremities. -The lower, or lumbar, enlargement is situated
opposite the last two or three dorsal vertebrae, its greatest diameter being from
before backwards.
It corresponds with the origin of the nerves which supply
the lower extremities. In form, the spinal cord is a flattened cylinder.
Fissures.
It presents on its anterior surface, along the middle line, a longitudinal fissure, the anterior median fissure
and, on its posterior surface, another
:

—

;

fissure,

which

also extends along the entire length

median fissure. These
through the greater part of the

of the cord, the posterior

fissures penetrate

thickness of the cord, and incompletely divide it
into two symmetrical halves, united in the middle

—

Spinal cord.
Fig. 445.
Side view. Plan of the
fissures

and columns.

by a transverse band of nervous substance,
the commissure.
The Anterior Median Fissure is wider, but of
line

'Median TCssure

depth than the posterior, extending into the
cord for about one-third of its thickness, and is
deepest at the lower part of the cord. It contains
a prolongation from the pia mater
and its floor is
formed by the anterior ivliite commissure, which is
perforated by numerous blood-vessels, passing to
the centre of the cord.
The Posterior Median Fissure is not an actual
fissure, as the space between the lateral halves of the posterior part of the cord
is crossed by connective tissue and numerous blood-vessels, so that no actual
hiatus exists, and there is consequently no prolongation of the pia mater into it.
It extends into the cord to about one half its depth, and its floor is formed by
the posterior grey commissure.
Lateral Fissures. On each side of the posterior median fissure, along the
line of attachment of the posterior roots of the nerves, a delicate fissure may be

less

;

—

seen, leading

situatioa

;

down

to the grey matter

which approaches the surface

this is called the postero-lateral fissure of the spinal cord.

in this

On

the

and
the postero-lateral fissure on each side, is a slight longitudinal furrow, marking
These are most distinct in
off two slender tracts, the posterior median columns.
the cervical region, but are stated by Foville to exist throughout the whole
length of the cord. On each side of the anterior median fissure is the place
of origin of the anterior roots of the spinal nerves as they emerge from the cord.
This is called, by some anatomists, the antero-lateral fissure of the cord, although
no actual fissure exists in this situation, for the anterior roots enter the cord in
several bundles, which spread over a longitudinal strip of some breadth.
posterior surface of the spinal cord,

between the posterior median

fissure
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—

Columns of the Cord. Each half of the spinal cord is thus divided into four
columns
an anterior column, a lateral column, a posterior column, and a
This division, however, is very imperfect, since the
postei-ior median column.
limit betvv^een the so-called anterior and lateral columns cannot be defined on
:

account of the bundles of the anterior roots being spread over a considerable
It is therefore customary to divide each half of the spinal cord into a
area.
small i^osterior column, which is bounded internally by the posterior median
and externally by the posterolateral fissure and a large antero-lateral
column, which comprises the rest of the cord.
If a transverse section of the spinal cord be made, it
Structure of the Cord.
The white matter
will be seen to consist of white and grey nervous substance.
The grey substance
is situated externally, and constitutes the greater part.
occupies the centre, and is so arranged as to present on the surface of the section
two crescentic masses, placed one in each lateral half of the cord, united together
by a transverse band of grey matter, the grey commissure. Each crescentic mass
has an anterior (ventral) and posterior (dorsal) horn. The posterior horn is long
fissure,

—

—

Fig. 447.

Fig. 446.
Transverse sections
of the cord.

—From

a transverse

section

through the spinal cord of a calf.
Magnified about 80 diameters, shovping
1

part of the central canal and the tissue
immediately around it, viz. the central
grey nucleus. (Klein and Noble Smith.)
Opj)Osite middle of cervical

Opposite middle of dorsal
region.

The

caiuil is lined witli epithelium, composed of cilimore or less conical, cells in most instances a
filamentous process passes from the cell into the
This tissue contains, in a hyatissue underneath.
line matrix, a network of fibrils
most of these run
horizontally others have^a longitudinal course, and
appear therefore here cut transversely, i.e. as
small dots. The nuclei correspond to the cells of the
neuroglia, the cell-substance not being shown. Both
the nuclei of the neuroglia cells and those of the
epithelium contain three or more large disc-shaped

ated,

;

;

;

Opposite lumbar region.

particles.

and narrow, and approaches the surface

of the postero-lateral fissure, near which
presents a slight enlargement, the caput cornu from this it tapers, to form the
apex cornu, which at the surface of the cord becomes continuous with the fibres
of the posterior roots of the spinal nerves.
The anterior horn is short and thick,
and does not quite reach the surface, but extends towards the point of attachment of the anterior roots of the nerves. Its margin presents a dentate or

it

:

Owing

the projections towards the surface of the
each half of the cord is divided,
more or less completely, into three columns, anterior, middle, and posterior the
anterior and middle being joined to form the antero-lateral column, as the
anterior horn does not quite reach the surface.
The commissure of the spinal cord is composed of white and grey fibres, hence
called the white and grey commissures.
The tohite commissivre is formed of
medullated nerve-fibres, which pass horizontally between the grey matter of the
stellate

appearance.

anterior

and posterior horns

to

of the grey matter,

:

anterior horn

on the other.

and the anterior white column

The

posterior part of the

of the

fibres are oblique in direction

commissure on the one

;

one side into similar parts

many which

side leave

it

enter at the

at the anterior part of
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takmg place

in the

line.

The grey commissure, which connects the two

crescentic masses of grey
separated from the bottom of the anterior median fissure by the
It consists of transverse medullated nerve-fibres,
anterior white commissure.
with a considerable quantity of neuroglia between them. The fibres when they
reach the lateral crescents diverge some pass backwards to the posterior roots
others spread out, at various angles, into the crescent.

matter,

is

:

;

Fig. 448.

— Transverse section through the cervical portion of the spinal cord of a
Magnified 40 diameters.

calf.

(Klein and Noble Smith.)

White matter

Eunning through the grey commissure of the whole length of the cord is a
minute canal, which is barely visible to the naked eye in the human cord, but is
proportionally larger in some of the lower vertebrata. It is called the central
canal, and opens above into the fourth ventricle, and terminates below in a
somewhat dilated extremity. It is surrounded by an area of neuroglia, which,
in a recent state, has a gelatinous appearance, and in which there are no fibres.
This is sometimes called the suhstantia gelatinosa centralis. When hardened in
alcohol or chromic salts it has a finely reticulated appearance. The canal is lined
in the foetus by columnar ciliated epithelium, but in the adult the cilia have
disappeared, and the canal is filled with their remains.
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The mode of arrangement of the grey matter, and its amount in proportion to
the white, vary in different parts of the cord. Thus, the posterior horns are long
and narrow, in the cervical region short and narrower, in the dorsal short, but
In the cervical region, the creseentic portions are
wider, in the lumbar region.
small, and the white matter more abundant than in any other region of the cord.
In the dorsal region, the grey matter is least developed, the white matter being
In the lumbar region, the grey matter is more abundant
also small in quantity.
than in any other region of the cord. Towards the lower end of the cord, the
;

;

white matter gradually ceases. The creseentic portions of the grey matter soon
blend into a single mass, which forms the only constituent of the extreme point
of the cord.

—

Minute Anatomy of the Cord. The cord consists of an outer part, composed
medullated nerve-fibres, which is the white substance; and of a central part,
the grey matter both supported in a peculiar kind of connective tissue, called
of

:

neuroglia.

The neuroglia consists of a homogeneous transparent matrix, of a network of
very delicate fibrillae, and of stellate or branched cells, the neuroglia cells.
In addition to forming a ground substance, in which the nerve-fibres, nervecells, and blood-vessels are embedded, a considerable accumulation of neuroglia
(i) on the surface of the cord, beneath the pia
takes place in three situations
and (3) in the posterior part of the
mater
(2) around the central canal
posterior horn, forming the substantia cinerea gelatinosa.
The white substanc6 of the cord consists of medullated nerve-fibres, disposed
On transverse section of the
longitudinally, with blood-vessels and neuroglia.
white substance of the cord, stained with carmine, a very striking object is preIt is seen to be studded all over with minute dots, surrounded by a
sented.
white area, and this again by a dark circle (fig. 453). This is due to the
The dot is the axis-cylinder, the
longitudinal medullated fibres seen on section.
white area the substance of Schwann, and the dark circle the tubular membrane
Externally, the
of the fibres, which seems to consist of several laminae.
neuroglia is seen to form a sheath closely investing the outer surface of the cord
immediately beneath the pia mater, from which numerous septa pass inwards
and separate the respective bundles of fibres and extend between the individual
nerve-fibres, acting as a supporting medium, in which they are embedded.
There are, however, also oblique and transverse fibres in the white substance.
These are principally found (i) at the bottom of the anterior median fissure, formthe fibres passing from the grey matter of the
ing the white commissure
anterior horn and the white matter of the anterior column of the one side to
that of the other
(2) horizontal or oblique fibres passing from the roots of the
and (3) fibres leaving the grey matter and
nerves into the grey matter
pursuing a longer or shorter horizontal course between the bundles of longitudinal
fibres with which many of them are continuous.
Conducting tracts. It is impossible to trace the course of the nerve-fibres in
but the investigation of pathological lesions has
their passage throxigh the cord
shown that the white matter of the cord consists of certain columns or tracts of
fibres
for it has been found that separate lesions are strictly limited to certain
well-det3rmined parts of the cord without involving neighbouring regions.
That these parts or fasciculi correspond to so many distinct anatomical systems,
each endowed with special functions, seems abundantly proved by the researches
of Flechsig and others on the development of the spinal cord during the later
periods of utero-gestation and in the newly born infant. By these researches
several tracts can be traced along the greater part of the cord and into or from
Thus (i) in the antero-lateral column of the cord, on either side
the encephalon.
of the anterior median fissure, a portion of the column may be divided off as
This tract is only found in
the direct pyramidal tract {Fasciculus of Tilrck).
the upper part of the cord, it gradually diminishes as it is traced downwards, and
disappears about the middle of the dorsal region of the cord. It consists of

—

;

;

;

;

;

—

;

;
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descending fibres, which can be traced downwards from the
medulla of the same side, and which are derived from the motor

or

centrifugal

pyramid
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of the

It is believed that the fibres of this tract decussate
area of the cerebral cortex.
down the cord, and gradually pass through the anterior white

in their course

commissure and through the grey matter of the opposite side to the crossed
pyramidal tract, and that this explains the gradual diminution and eventua.
disappearance of the tract. (2) In the hinder part of the antero-lateral column
is a somewhat triangular area, larger than the preceding, which is named the
This also consists of descending fibres, which are
crossed pyramidal tract.
derived from the pyramid of the medulla of the opposite side, decussation taking
The fibres are derived from the motor area
place at the upper part of the cord.
Thus it will be seen that
of the cerebral cortex of the opposite side to the tract.
all the fibres from the motor area, which descend through the internal capsule,
the crus cerebri and the pons Varolii to the pyramidal body of the medulla.
Fig. 449.

— Cohunns of the cord.

decussate some at the upper part of the cord, and these descend through it as
and others, which descend as the direct pyramidal
the crossed pyramidal tract
tract and cross through the anterior commissure of the cord to reach the crossed
;

;

pyramidal tract of the opposite side. (3) The antero-lateral tract (Gower's ti-act)
is an extensive tract which skirts the circumference of the anterior three-quarters
It extends from the front of the
of the antero-lateral colunin of the cord.
crossed pyramidal tract where it is thickest, and gradually narrows off as it
It consists of centripetal or ascending
reaches the direct pyramidal tract.
fibres derived from the posterior roots of the spinal nerves, and can be traced
upwards through the medulla and pons to the cerebellum. If the spinal cord is

some scattered fibres in this column degenerate in
This would seem to prove therefore that it contains
which are believed to be derived from the cerebellum of

divided in the cervical region
a

downward

direction.

some descending fibres,
the same side.
(4) The
the

direct cerebellar tract is situated at the circumference of
cord behind the preceding and external to the crossed pyramidal tract,

;
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occupying a narrow area which extends backwards as
fissure, or

nearly

so.

It

increases in size as it
medulla to the cerebelhim.
vesicular

column

far as the postero-lateral

commences at the level of the upper lumbar region, and
ascends and passes through the restiform body of the
from the

Its fibres are derived

of Clarke in the grey

cells of the posterior

matter of the cord.

(5)

Close to the point

where the posterior roots enter the cord, in the antero-lateral column, is a small
it is formed by some
collection of fibres, which is known as the tract of Lissauer
of the fibres of the posterior roots which run upwards in the tract for a short
distance, and then enter the posterior horn of the grey matter.
(6) The rest of
the antero-lateral column of the spinal cord is occupied by the antero-lateral ground
bundle.
It surrounds the anterior cornu and separates the antero-lateral tract
and the crossed pyramidal tract from the grey matter of the cord. It consists of
(a) longitudinal commissural fibres, which unite the groups of cells in the
anterior horn with one another
(b) of fibres which pass across the
Fig. 450. —-Transverse section of the grey
anterior
commissure from the grey
near
spinal
cord,
the
substance of the
matter of the opposite side and
middle of the dorsal region. Magnified
;

;

I

^

diameters.

belonging to the anterior
roots of the nerves, which pass
through it before leaving the cord.
In the posterior column of the
cord there are two tracts. They
are marked off from each other by
(c)

ff}'^^"'^"'

fibres

the slight longitudinal furrow on

the surface of the cord.

which

The

part

been described previously as the posterior median
has

column pretty nearly corresponds
one tract, the tract of Goll,
and the remainder of the posterior
column corresponding to the other,
to the

the tract of Btcrdach. (7) The ^rac^
of Goll consists of long, small fibres
derived from the posterior roots of
the spinal nerves, which ascend to the medulla oblongata, where they end in the

nucleus

gracilis.

The

tract increases as

it

ascends.

(8)

The

consists of shorter, but larger, fibres than the preceding

ti'act

Burdach

of

they are, however,
derived from the same source, the posterior roots they ascend only for a short
distance in the tract, and then enter the grey matter and come into close
relationship with the posterior vesicular column of Clarke.
The grey substance of the cord occupies its central part in the shape of two
crescentic horns, joined together by a commissure.
Each of these crescents has
an anterior and posterior cornu.
The posterior horn consists of a slightly narrowed portion, at its base, where
it is connected with the rest of the grey substance
this is the cej-vix cornu- from
this it gradually expands into the main part of the horn, the caput cornu
around
its extremity is a lamina or layer of gelatinous material, which covers the head
like a cap, and from this it tapers almost to a point, which approaches the surface
of the cord at the postero-lateral groove.
The gelatinous substance is a peculiar accumulation of neuroglia (Klein)
similar to that found around the central canal (page 717), and has been named
;

;

—

;

;

by Rolando the substantia cinerea

gelatinosa.

The anterior horn of the grey substance in the cervical and lumbar swellings,
where it gives origin to the nerves of the extremities, is much larger than in any
other region, and contains several distinct groups of large and variously shaped
cells.

In addition to

this, in certain

parts of the cord, other horns or projections of
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may be seen on transverse section. One of these, the lateral liorn,
fomid projecting outwards from the lateral region of the grey matter on a level
with the grey commissm^e in the cervical and upper part of the dorsal region of
the grey matter

is

the cord and a second, Clarke's vesicular column, is found on the inner side of
the posterior horn near the grey commissure, in the upper cervical or dorsal
regions, or at the point of exit of the lower lumbar nerves.
The grey commissure is situated behind the white commissure, which separates
it from the bottom of the anterior median fissure.
;

The grey substance of the cord consists of— (i) nerve-fibres of variable but
smaller average diameter than those of the columns (2) nerve-cells of various
shapes and sizes, with from two to eight processes (3) blood vessels and connective tissue.
;

;

The nerve-fibres of the grey matter of the posterior horn are for the most part
composed of a minute and dense network of minute fibrils, which is termed

—

Fig. 451. Transverse section of the grey substance of the spinal cord through the middle
of the lumbar enlargement.
On the left side of the figure groups of large cells are seen
on the right side, the course of the fibres is shown without the cells. Magnified 13
diameters.

;

Fissam

'

Gerlach's nerve network,' intermingled with nerves of a larger size.

This net-

work is continuous with the meduUated fibres of the posterior nerve-roots on the
one band (Dieters), and with the branched processes of the ganglion-cells on the
other (Gerlach), so that the ganglion-cells are connected with the medullated
fibres of the posterior nerve-roots only indirectly through the nerve network. The
arrangement of the fibres in the anterior horn of the grey matter appears to be

somewhat

here the medullated fibres of the anterior nerve-roots are
some of the processes of the ganglion cells, others of the
processes of the ganglion-cells communicating with Gerlach's nerve network.
The nerve-cells of the grey matter are of two kinds, (i) large branched nervevesicles which are collected into groups as seen on transverse section, but which
are really columns of cells placed longitudinally in the grey matter
and (2) small
round cells which resemble free nuclei, and are found scattered throughout the
whole of the grey matter.
In the anterior horn is a constant group, situated at the anterior part of the
different

;

directly continuous with

;

3A
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cornu, and sometimes termed the vesicular column of the anterior comic.
It
two groups of cells one mesial, near the anterior column the other
lateral, near the lateral column.
At the base of the posterior horn on its inner
side, and joining the grey commissure, is a group of nerve-cells, which give rise
to the projection mentioned above as being seen on transverse section in the

consists of

:

;

upper part of the cord, which is called Clarke's posterior vesicular column.
At the junction of the anterior and posterior cornu, in the outer portion of the
grey matter, is a third group of cells, the tractus intermedio-lateralis. In certain
regions of the cord these cells extend in amongst the fibres of the white matter
of the lateral column, and give rise to the lateral horn.
In addition to these
groups a few large scattered cells are found in the posterior horn, extending into
the substantia cinerea gelatinosa.
Origin of the Spinal Nerves.— The roots of the spinal nerves are attached to
the surface of the cord, opposite the horns of grey matter, and the deep origin of

—

Fig. 452. Longitudinal section of
the white and grey substance of
the spinal cord, through the middle of the lumbar enlargement.
Magnified 14 diameters.

—

Transverse section through the white
matter of the spinal cord of a calf. Magnified
about 300 diameters.
(Klein and Noble Smith.)

Fig. 453.

Column

Anb

In the upper part are shown two isolated flattened nucleated cells
of the neuroglia, under a somewhat higher power than the rest.
In the bulk of tlie figure the nerve-fibres are seen in transverse
section. They are of different sizes, and possess a laminated
medullary sheath surrounding the axis-cylinder ; which was
deeply stained in the preparation, and is liere represented by a
black dot. The nerve-fibres are embedded in the neuroglia. This
contains, in a matrix, which appears sometimes granular, sometimes homogeneous, mimerous elastic fi.brils, seen here in transverse section as minute dots, on account of then- having a course
parallel to the long axis of the cord. Amongst the neuroglia are
neuroglia cells.
also seen two branched connective-tissue cells

'

Col'ian 77,

—

vl/t/-

Tioots

their fibres is from nerve-cells embedded in the grey matter, either directly or
through Gerlach's nerve network.
The fibres of the anterior roots after
traversing the white matter enter the anterior horn of grey matter here they
join cells and eventually pass in four different directions, (i) some to the direct
pyramidal tract of the same side, (2) others to the crossed pyramidal of the same
;

side, (3) a third set, across

the commissure to the opposite side, and (4) a last set,
The fibres of the posterior root consist of

into the tractus intermedio-lateralis.

two

sets (i) one, the lateral fibres pass upwards in the tract of Lissauer and then
enter the posterior horn (2) the other, or mesial set, enter Burdach's column and
pass in different directions, some to the nerve-cells in the posterior horn, others
to the cells in Clarke's column, and others to Goll's column, either of the same or
;

opposite side of the body.

DUEA MATEE
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MEMBEANES

—

Dissection.
To examine the braia with its membranes, the skull-cap must be removed.
In order to effect this, saw through the external table, the section commencing, in front,
about an inch above the margin of the orbit, and extending, behind, to a level with the
Then break the internal table with the chisel and hammer, to avoid
occipital protuberance.
loosen, and forcibly detach the skull-cap,
injuring the investing membranes or brain
when the dura mater will be exposed. The adhesion between the bone and the dura mater
is very intimate, and much more so in the young subject than in the adult.
;

The membranes

of the brain are, the

dm^a mater, arachnoid membrane, and

pia mater.

Dura Mater
The Dura Mater

a thick and dense inelastic fibrous

membrane, which lines
rough and fibrillated, and adheres
closely to the inner surface of the bones, forming their internal periosteum, this
adhesion being most marked opposite the sutures and at the base of the skull. Its
inner surface is smooth, and lined by a layer of epithelial cells.
It sends three
processes inwards, into the cavity of the skull, for the support and protection of
the different parts of the brain and is prolonged to the outer surface of the skull,
through the various foramina which exist at the base, and thus becomes continuous with the pericranium its fibrous layer forms sheaths for the nerves
which pass through these apertures. At the base of the skull, it sends a fibrous
prolongation into the foramen caecum it sends a series of tubular prolongations
round the filaments of the olfactory nerves as they pass through the cribriform
plate, and also round the nasal nerve as it passes through the nasal slit
a prolongation is also continued through the sphenoidal fissure into the orbit, and
another is continued into the same cavity through the optic foramen forming a
sheath for the optic nerve, which is continued as far as the eyeball. In the
is

the interior of the skull.

Its outer surface is

:

;

;

;

posterior fossa

it

sends a process

down

the internal auditory meatus, ensheathing

and auditory nerves another through the jugular foramen, forming a
sheath for the structures which pass through this opening, and a third through
Around the margin of the foramen magnum it
the anterior condyloid foramen.
is closely adherent to the bone, and is continuous with the dura mater lining the
In certain situations, as already mentioned (page 667), the fibrous
spinal canal.
layers of this membrane separate, to form sinuses for the passage of venous
the facial

blood.

;

Upon

the

longitudinal sinus,

Pacchioni.

of the dura mater, in the situation of the
be seen numerous small whitish bodies, the glandidce

outer surface

may

—

Structure.
The dura mater consists of white fibrous and elastic tissues,
arranged in flattened laminae, which are divisible into two layers, the fibres of the
two layers intersecting each other obliquely. A layer of nucleated epithelial cells,
these were
similar to those found on serous membranes, lines its inner surface
formerly regarded as belonging to the arachnoid membrane.
Its arteries are very numerous, but are chiefly distributed to the bones. Those
found in the anterior fossa are the anterior meningeal branches of the anterior
and posterior ethmoidal and internal carotid, and a branch from the middle meningeal.
In the middle fossa are the middle and small meningeal branches of the
internal maxillary, a branch from the ascending pharyngeal, which enters the
branches from the inskull through the foramen lacerum medium basis cranii
ternal carotid, and a recurrent branch from the lachrymal. In the posterior fossa
one of which enters the skull through
are meningeal branches from the occipital
the jugular foramen, and the other through the mastoid foramen
the posterior
occasionally meningeal branches from the
meningeal, from the vertebral
ascending pharyngeal, which enter the skull, one at the jugular foramen, the
other at the anterior condyloid foramen and a branch from the middle meningeal.
The veins, which return the blood from the dura mater, and partly from the
.^ A 2
;

;

:

;

;

;
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These vessels terminate in the various
bones, anastomose with the diploic veins.
sinuses, with the exception of two which accompany the middle meningeal
artery, and pass out of the skull at the foramen spinosum to join the internal
maxillary vein.
nerves of the dura mater are, the recuirent branch of the fourth, and
from the Gasserian ganglion, from the ophthalmic and hypoglossal

The

filaments

nerves, and from the sympathetic.
The processes of the dura mater, sent inwards
Processes of the Dura Mater.

—

into the cavity of the skull, are three in
cerebelli,

and the

number

:

the falx cerebri, the tentorium

falx cerebelli.

cerebri, so named from its sickle-like form, is a strong arched process
dura mater, which descends vertically in the longitudinal fissure between
the two hemispheres of the brain. It is narrow in front, where it is attached to
the crista galli of the ethmoid bone and broad behind, where it is connected
with the upper surface of the tentorium. Its upper margin is convex, and attached
to the inner surface of the skull as far back as the internal occipital protuberance.
In this situation it is broad, and contains the superior longitudinal sinus. Its
lower margin is free, concave, and presents a sharp curved edge, which contains

The falx

of the

;

the inferior longitudinal sinus.

The tentorium

cerebelli is

an arched lamina

of

dura mater, elevated in the

downwards towards the circumference. It covers the upper
surface of the cerebellum, and supports the occipital lobes of the brain, and
prevents them pressing upon the cerebellum.
It is attached, behind, by its
convex border to the transverse ridges upon the inner surface of the occipital bone,
middle, and inclining

and there encloses the lateral sinuses in front, to the superior margin of the
petrous portion of the temporal bone on either side, enclosing the superior petrosal
sinuses and at the apex of this bone, the free or internal border and the attached
or external border meet, and, forming two processes, cross one another and are
continued forwards, to be attached to the anterior and posterior clinoid processes
respectively. Along the middle line of its upper surface the posterior border of the
falx cerebri is attached, the straight sinus being placed at their point of junction.
Its anterior border is free and concave, and presents a large oval opening for
the transmission of the crura cerebi'i.
The/«Z.r cerebelli is a small triangular process of dura mater, received into the
indentation between the two lateral lobes of the cerebellum behind.
Its base is
attached, above, to the under and back part of the tentorium
its posterior margin
to the lower division of the vertical crest on the inner surface of the occipital bone.
As it descends, it sometimes divides into two smaller folds, which are lost on the
sides of the foramen magnum.
;

;

;

Glandule Pacchioni oe Abachnoidal Villi
The so-called glandulae Pacchioni are numerous small whitish granulations
usually collected into clusters of variable size, which are found in the following

—

i. Upon the outer surface of the dura mater, in the vicinity of the
superior longitudinal sinus, being received into little depressions on the inner
surface of the calvarium.
2. On the inner surface of the dura mater.
3. In the

situations

:

superior longitudinal

sinus.

4.

On

the pia mater, near the margin of the

hemispheres.

These bodies are not glandular in structure, but simply enlarged normal villi
In their growth they perforate the dura mater, and are thus
found on its outer surface, and when of large size they cause absorption of the
bone, and come to be lodged in pits or depressions on the inner table of the skull.
The manner in which they perforate the dura mater is as follows
at an early
period of their growth they project through minute holes in the inner layer of the
dura mater, which open into large venous spaces situated in the tissues of the
membrane, on either side of the longitudinal sinus and communicating with it.
of the arachnoid.

:

—
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In their onward growth the villi push the outer layer of the dura mater before
them, and this forms over them a delicate membranous sheath. In structure
they consist of spongy trabecular tissue, covered over by a membrane, which is
The space between these two coverings,
continuous with the arachnoid.
derived from the dura mater and arachnoid respectively, corresponds to and
The spongy tissue of which they are
is continuous with the subdural space.
composed is continuous with the trabecular tissue of the subarachnoid space
so that fluid injected into the subarachnoid space finds its way into the
and through their coverings filters into the superior
Pacchionian bodies
They are supposed to be the means by which excess of
longitudinal sinus.
cerebro-spinal fluid is got rid of, when its quantity is increased above normal.
These bodies are not found in infancy, and very rarely until the third year.
and from this period they
They are usually found after the seventh year
Occasionally they are wanting.
increase in number as age advances.
;

;

;

Aeachnoid Membrane

The arachnoid
thinness,

is

{apa-^vq elSos, like

a delicate

a

spider's. to eh), so

membrane which envelops

mater internally and the dura mater externally
separated by a space, the subdural space.

;

named from

its

extreme

the brain, lying between the pia

from

membrane

this latter

it is

the brain loosely, being separated froin dh^ect contact with the
and a quantity of loose areolar tissue, the
On the upper surface of the cerebrum the arachnoid is thin
stibarachnoidean.
and transparent, and may be easily demonstrated by injecting a stream of air
it passes over the convolutions without
beneath it by means of a blowpipe
At the base of the brain the arachdipping down into the sulci between them.
It invests

cerebral substance by the pia mater,

;

and slightly opaque towards the central part
it covers the
and extends across between the two temporo- sphenoidal lobes so
as to leave a considerable interval between it and the brain, the anterior
subarachnoidean space (Cisterna pontis) it is in contact with the pons and under
surface of the cerebellum
but between the hemispheres of the cerebellum
and the medulla oblongata another considerable interval is left between it
and the brain, called the posterior subarachnoidean space (Cisterna magna).
These two spaces communicate together across the crura cerebelli. The arachnoid membrane surrounds the nerves which arise from the brain, and encloses
them in loose sheaths as far as their point of exit from the skull.
The subarachnoid space is the interval between the arachnoid and pia mater. It
is not, properly speaking, a space, for it is occupied everywhere by a spongy tissue
consisting of trabeculae of delicate connective tissue, which pass from the pia
mater to the arachnoid, and in the meshes of which the subarachnoid fluid is
This so-called space is small on the surface of the hemispheres but
contained.
at the base of the brain the subarachnoid tissue is less abundant and its meshes
larger, where it forms the Cisterna pontis et magna mentioned above.
In
addition to these two large spaces, a third is formed on the upper surface of the
corpus callosum, for the arachnoid stretches across from one cerebral hemisphere to the other immediately beneath the free border of the falx cerebri, and
thus leaves a space in which the anterior cerebral arteries are contained. Another
space is found in the fissure of Sylvius, for the arachnoid stretches across from
the anterior to the middle lobe of the brain, without dipping down to the bottom
of the fissure, and in this space the middle cerebral artery ramifies.
The
subarachnoid space communicates with the general ventricular cavity of the
brain by means of three openings
one of these is in the middle line at the
inferior boundary of the fourth ventricle, where an opening in the pia-matral
covering of this cavity, the foramen of Majendie, exists and permits the passage of
fluid from the one space to the other.
The other two communications are at the
extremities of the lateral recesses of the fourth ventricle, behind the upper roots
noid

is

thicker,

;

anterior lobes,

;

;

;

:
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giosso-pharyngeal nerves they are named the foramina of Key and Betzws.
by Merkel that the lateral ventricles also communicate with the
subarachnoid space at the apices of their descending horns.
The subdiu-al space also contains fluid this is, however, small in quantity
compared with the cerebro-spinal fluid and is probably of the nature of lymph.
The cerehro-S'pinal fluid fills up the subarachnoid space. It is a clear, limpid
of the

;

It is stated

;

According to
having a saltish taste, and a slightly alkaline reaction.
Lassaigne, it consists of 98-5 parts of water, the remaining i"5 per cent, being
It varies in quantity, being most abundant in
solid matters, animal and saline.
Its chief use is probably to afford
old persons, and is quickly reproduced.
mechanical protection to the nervous centres, and to prevent the effects of
fluid,

concussions communicated from without.
Structure.
The arachnoid consists of bundles of white fibrous and elastic
Its outer surface is covered wdth a layer of
tissue intimately blended together.
endothelium. From its inner surface are given off' a number of bundles of fine
connective tissue, which form a sponge-like trabecular network in the subarachnoid space, in the interstices of which the cerebro-spinal fluid is contained.
Vessels of considerable size, but few in number, and, according to Bochdalek,
a rich plexus of nerves derived from the motor division of the fifth, the facial, and
the spinal accessory nerves, are found in the arachnoid.

—

PiA

Mater

The pia mater is a vascular membrane, and derives its blood from the
and vertebral arteries. It consists of a minute plexus of blood-

internal carotid

by an extremely fine areolar tissue. It invests the entire
down between the convolutions and laminae, and is
prolonged into the interior, forming the velum interpositum and choroid plexuses
of the fourth ventricle.
Upon the surfaces of the hemispheres, where it covers
the grey matter of the convolutions, it is very vascular, and gives off from its
inner surface a multitude of minute vessels, which extend perpendicularly for
some distance into the cerebral substance. At the base of the brain, in the
situation of the anterior and posterior perforated spaces, a number of long
straight vessels are given off, wdiich pass through the white matter to reach the
grey substance in the interior.
On the cerebellum the membrane is more
delicate, and the vessels from its inner surface are shorter.
The pia mater of
the spinal cord is thicker, firmer, and less vascular than that of the brain, and
as it is traced upwards over the medulla it is seen to preserve these characters.
At the upper border of the medulla it is prolonged over the lower half of the
fourth ventricle, forming a covering for it (tela choroidea inferior) before it is
reflected on to the under su.rface of the cerebellum.
According to Fohmann and Arnold, this membrane contains numerous
lymphatic vessels. Its nerves are derived from the sympathetic, and also from
the third, fifth, sixth, facial, giosso-pharyngeal, pneumogastric, and spinal accessory.
They accompany the branches of the arteries.
vessels, held together

surface of the brain, dipping

Divisions of the Beain

The brain {encephalon) is that portion of the cerebro-spinal axis which is
contained in the cranial cavity. It is divided into four principal parts viz. the
cerebrum, the cerebellum, the pons Varolii, and the medulla oblongata.
The cerebrum forms the largest portion of the encephalon, and occupies a
considerable part of the cavity of the cranium, resting in the anterior and middle
fossae of the base of the skull, and separated posteriorly from the cerebellum by
the tentorium cerebelli.
About the middle of its under surface is a naiTow con:

stricted portion, part of which, the crura cerebri, is continued

onwards

into the

: ;
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pons Varolii below, and through it to the medulla oblongata and spinal cord
whilst another portion, the crura cerebelli, passes down into the cerebellum.
The cerebellum {little-brain, or after-brain) is situated in the inferior occipital
fossae, being separated from the under surface of the occipital lobes of the cere-

brum by the tentorium cerebelli. It is connected to the rest of the encephalon
by means of connecting bands, called crura of these, two ascend to the cerebrum, two descend to the medulla oblongata, and two blend together in front,
forming the pons Varolii.
The pons Varolii is that portion of the encephalon which rests upon the
upper part of the basilar process of the occipital bone and body of the sphenoid
bone. It constitutes the bond of union of the various segments above named,
at the sides, the cru.ra from the
receiving, above, the crura from the cerebrum
cerebellum and below, the medulla oblongata.
The medulla oblongata extends from the lower border of the pons Varolii to
It lies beneath the cerebellum, resting on the
the upper part of the spinal cord.
:

;

;

lower part of the basilar groove of the occipital bone.
Weight of the Encephalon. The average weight of the brain, in the adult
male, is 49^ oz., or a little more than 3 lb. avoirdupois; that of the female,
44 oz. the average difference between the two being from 5 to 6 oz. The prevailing weight of the brain, in the male, ranges between 46 oz. and 53 oz.
and,
In the male, the maximum weight out
in the female, between 41 oz. and 47 oz.
of 278 cases was 65 oz. and the minimum weight 34 oz.
The maximum weight
of the adult female brain, orit of 191 cases, was 56 oz., and the minimum weight
According to Luschka, the average weight of a man's brain is 1,424
31 oz.
grammes (about 45 oz.), of a woman's 1,272 grammes (about 41 oz.) and
according to Krause, 1,570 grammes (about 48|oz.) for the male, and 1,350 grammes
(about 43 oz.) for the female. It appears that the weight of the brain increases
rapidly up to the seventh year, more slowly to between sixteen and twenty, and
still more slowly to between thirty and forty, when it reaches its maximum.
Beyond this period, as age advances and the mental faculties decline, the brain
diminishes slowly in weight, about an ounce for each subsequent decennial
period.
These results apply alike to both sexes.
The size of the brain was formerly said to bear a general relation to the
intellectual capacity of the individual. Cuvier's brain weighed rather more than
64 oz., that of the late Dr. Abercrombie 63 oz., and that of Dupuytren 62^ oz.
On the other hand, the brain of an idiot seldom weighs more than 23 oz. But
these facts are by no means conclusive, and it is well known that these weights
have been equalled by the brains of persons who never displayed any remarkable
intellect.
Dr. Halde7inan, of Cincinnati, has recorded the case of a mulatto, aged
he had been a slave, and was never regarded
45, whose brain w^eighed 68f oz.
as particularly intelligent he was illiterate, but is said to have been reserved,
meditative, and economical.
Dr. Ensor, district medical officer at Port Elizabeth, reports that the brain of Carey, the Irish informer, weighed 61 oz.
M. Nikiforoff has published an article on the subject of the weight of brains in
the Novosti. According to him, the weight of the brain has no influence whatever on the mental faculties.
It ought to be remembered that the significance
of the weight of the brain should depend upon the proportion it bears to the
dimensions of the whole body and to the age of. the individual. It is equally
important to knov; what was the cause of death, for long illness or old age
exhausts the brain. To define the real degree of development of the brain, it is
therefore necessary to have a knowledge of the condition of the whole body
and, as this is usually lacking, the mere record of weight possesses little

—

;

;

;

;

;

significance.

The human brain is heavier than that of all the lower animals, excepting the
elephant and whale. The brain of the former weighs from eight to ten pounds
and that of a whale, in a specimen seventy-five feet long, weighed rather more
than five pounds.
;
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Medulla Oblongata
The medulla oblongata, or bulb, is the upper enlarged part of the spinal cord,
and extends from the lower margin of the foramen magnum to the lower border
It is directed from above obliquely downwards and backof the pons Varolii.
wards its anterior surface rests on the basilar groove of the occipital bone, its
posterior surface is received into the fossa between the hemispheres of the cere;

bellum, forming the floor of the fourth ventricle. It is pyramidal in form, its
broad extremity directed upwards, its lower end being narrow at its point of
connection with the cord. It measures an inch in length, three-quarters of an
inch in breadth at its widest part, and half an inch in thickness. Its surface is
marked, in the median line, in front and behind, by an anterior and ijosterior

median fissure, which are continuous with those of the spinal cord. The anterior
fissure contains a fold of pia mater, and terminates just below the pons in a
It is interrupted at its lower part by some
cul-de-sac, the foramen cczcum.
bundles of fibres, which cross obliquely from one side to the other, forming the
The posterior is a deep but narrow fissure,
decussation of the pyramids.
continued upwards to about the middle of the medulla, where it expands into
These two fissures divide the medulla into two symthe fourth ventricle.
metrical halves, each lateral half presenting elongated eminences which are
continuous with the columns of the
cord. By taking the lines along which
Medulla oblongata and pons
Fig. 454.
some of the cranial nerves emerge
Anterior surface.
Varolii.
from the medulla, as landmarks, we

—

may divide
of

Middle
peduncle of
cerehellum

the

the surface of this portion

nervous system into

three

columns, just in the same way as the
spinal cord is divided into three
columns by the lines corresponding
to the points of exit of the anterior

and posterior roots

The

of

the

spinal

column comprises that portion which is situated
between the anterior median fissure
and the fibres of origin of the hypothis column is called
glossal nerve
The lateral column
the j;?/rfl??i'ifZ.
comprises that portion which is
situated between the fibres of origin
of the hypoglossal nerve and the fibres

nerves.

anterior

:

origin of the glosso-pharyngeal,
pneumogastric, and spinal accessory
of

In the lower part of the meduUa this column is single, and is called the
but in the upper part an oval-shaped body comes forward between
This is called the olivary
it and the pyramid, pushing aside the lateral tract.
body.
The posterior column comprises that portion which is situated between
the fibres of origin of the glosso-pharyngeal, pneumogastric, and spinal accessory
This column is marked by slight
nerves, and the posterior median fissure.
furrows marking off smaller columns, and these in the lower part of the medulla
are named, from without inwards, the ftmiculus of Rolando, the funiculus
cuneatus, and the funicuhcs gracilis in the upper part of the medulla, the funiculus of Eolando and the funiculus cuneatus appear to become fused together,
forming a single body called the restiform body.
The pyramids are two pyramidal bundles of white matter, placed one on
either side of the anterior median fissure, and separated from the olivary body,
which is external to them, by a slight depression. At the lower border of the
pons they are somewhat constricted they then become enlarged, and taper as
nerves.

lateral tract

;

;

;
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they descend, being continuous below, by their outer portion, with the anterior
columns of the cord {direct pyramidal tract), and by their inner portion with the
decussating fibres, seen in the anterior median fissure, which are derived from
For, on separating the
the lateral column of the cord (crossed pyramidal tract).
pyramids below, it will be observed that their innermost fibres form from four to
five bundles on each side, which decussate with one another across the anterior
median fissure this decussation, however, is not formed of fibres from the
anterior column of the cord, but from the deep portion of the lateral columns
(crossed pyramidal tract) which pass forwards to the smrface on the inner side of
The outermost fibres do not decussate they are derived,
the anterior columns.
as just stated, from the anterior column of the cord.
The lateral column, in the lower part of the medulla, is of the same width as
the lateral column of the cord, and appears on the surface to be a direct
continuation of it. As a matter of fact it is only a part of the lateral column of
the spinal cord which is continued upwards into this column for, as we have
just seen, the crossed pyramidal tract passes into the pyramid of the opposite
side, and the direct cerebellar tract of the cord passes into the restiform body.
The rest of the lateral column of the cord can be traced vertically upwards into
this area.
In the upper part of the medulla, the lateral tract, on account of the
interpolation of the olivary body, becomes concealed by this body.
The olivary body is a prominent oval mass, situated behind the pyramid,
from which it is separated by a slight groove, along which the hypoglossal nerve
arises.
It is separated externally from the restiform body by a longitudinal
narrow band of fibres, prolonged upwards from the lateral tract, and by a
groove, from which the glosso-pharyngeal, pneumogastric, and spinal accessory
nerves arise. It is equal in breadth to the pyramid is a little broader above
than below, and is about half an inch in length, being separated above from the
pons Varolii by a slight depression, in which is sometimes to be seen a band of
arched fibres.
Numerous white fibres (superficial arciform fibres) are seen
winding across the lower half of the pyramid and the olivary body to enter the
restiform body.
The funiculus of Rolando is a longitudinal prominence, on the outer side of
the lateral tract.
It begins at the lower end of the medulla by a tapering
extremity, and gradually enlarging as it ascends, forms at a level with the lower
border of the olivary body a slight prominence, known as the tubercle of Bolando.
It is caused by the substantia gelatinosa of Eolando of the cord gradually
finding its way to the surface, so as to form a prominence there.
About half an
inch below the pons it appears to blend with the funiculus cuneatus. In front,
continuation
it is separated from the lateral tract by a distinct groove, the
upwards of the postero-lateral groove of the cord behind, the separation from
the funiculus cuneatus is much less distinct.
The funiculus cuneatus is the direct continuation upwards of the posterior
It is situated between the
lateral column (tract of Burdach) of the cord.
funiculus of Eolando and the funiculus gracilis it enlarges as it ascends, and
forms, opposite the lower extremity of the fourth ventricle, a slight eminence or
enlargement, the tuberculum cuneatum, which is best marked in children. About
half an inch below the pons it appears to blend with the funiculus of Eolando.
The restiform bodies appear on the surface to be the direct continuation
upwards of the funiculus of Eolando and the funiculus cuneatus. But they also
receive the arched fibres (arciform), presently to be described, and fibres derived
from the lateral column of the cord, or the direct cerebellar tract. The restiform
bodies are the largest prominences of the medulla, and are placed between the
lateral tracts in front and the funiculus gracilis behind, from both of which they
are separated by slight grooves.
As they ascend they diverge from each other,
assist in forming the lower part of the lateral boundaries of the fourth ventricle,
and then enter the corresponding hemisphere of the cerebellum, forming its
inferior peduncles.
;

;

;

;

;

;
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The funiculus gracilis is the direct continuation upwards of the posterior
median column of the cord (tract of Goll). It is a narrow white cord, placed
It is separated
parallel to and along the side of the posterior median fissure.
from the funiculus cuneatus below and the restiform body above by a slight
groove, which is continuous with the groove on the surface of the cord, which
marks off the posterior median column. At first the funiculi of the two sides lie
Opposite the
in close contact on either side of the posterior median fissure.
apex of the fourth ventricle they form an enlargement (clava), and then
diverging, form the lateral boundaries of the lower part of the fourth ventricle,
and gradually tapering off they soon become no longer traceable.
The posterior surface of the medulla oblongata forms part of the floor of the
This portion is of a triangular form, bounded on each side by the
fourth ventricle.
diverging funiculi graciles and restiform
bodies, and is that part of the ventricle
Fig, 455. — Posterior surface of the
medulla oblongata.
which, from its resemblance to the point
of a pen, is called calamus scriptorius.

The divergence

of the funiculi graciles

and restiform bodies opens

to

view the

grey matter of the medulla, which is
continuous below with the grey matter
of the cord.
In the middle line is seen
a longitudinal furrow, which ends l^elow
near the point of the calamus, in a somewhat cleft-like space, the ventricle of
Arantius, which opens by a minute hole
into the central canal of the cord.
The arciform or arcuate fibres, which
have been mentioned as forming part
Bestiforni body of the I'estiform body, are found in the
upper half of the medulla, both crossing
Clava
its surface and traversing its substance.
Cuneate tuhercle
They are divided for the purpose of
description into two sets

deep.

Hrjtsjtsj

S's

I"
§"

The

superficial

— superficial and
arciform fibres

have already been alluded to as crossing
the pyramid and olivary body on each
side.
They emerge from the anterior
median fissure, in which they can be
traced to enter the raphe and cross it,
after which they become no longer
traceable.
After emerging from the
anterior median fissure they cross the
pyramid and olivary body, and enter the
restiform body.

As they cross the olivary

body they are reinforced by some of the deep arciform fibres which come to the
surface on the inner side of, or through, this structure.
The deep arciform fibres
are described with the Microscopic x\natomy of the Medulla.
Structure.
The medulla oblongata, like the spinal cord, consists of both grey
and white matter, and exhibits in section both these structures arranged in certain
definite masses.
The fibres of the several columns of the cord enter the medulla,
and in it undergo a rearrangement, some of them passing through it to the pons
Varolii, the cerebrum, and the cerebellum, while others end in its grey substance.
Some fibres take origin in the medulla, and are continued onwards to the
cerebrum and cerebellum. The structure of the medulla will be best understood
by tracing its several parts upwards from the spinal cord.
The pyramid is composed of fibres derived from the direct pyramidal tract of
the anterior column of the cord of its own side, and from the crossed pyramidal

—

MEDULLA OBLONGATA
tract of the lateral

column

Those

of the opposite half of the cord.

are derived from the direct pyramidal tract,

median
pushed
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and which

fibres

which

in the cord lie close to the

medulla placed to the outer side of the pyramid, being
were, by the interpolation of the fibres derived from the
crossed pyramidal tract, which are much more numerous. The crossed pyramidal
fibres ascend from the lateral column of the spinal cord, and, passing through
the anterior grey cornua and across the median fissure, form the inner part of
The fibres of the pyramid may be traced upwards through the
the pjTTamid.
pons to the crus cerebri of its own side. All the fibres of the anterior column of
some of them pass
the cord are not continued into the pyramid of the medulla
backwards, and enter the formatio reticularis, which is described with the
fissure, are in the

aside, as

it

;

Anatomy of the Medulla.
The olivary body when cut across obliquely is seen

Microscopic

to be composed, externally
grey layer, the corpus dentatum, which is arranged
in the form of a hollow capsule, open at its upper and inner part and presenting
White fibres enter the interior of this capsule by
a zigzag or dentated outline.
the aperture at its upper and inner part, constituting the olivary peduncle.
The lateral tract of the medulla is the continuation upwards of part of the
lateral column of the cord. The fibres from it divide into three sets
one set, the
most numerous, pass deeply behind the olivary body, and ascend through the
formatio reticularis to the pons
a second set pass across the anterior median
fissure to join the pyramid, forming the crossed pyramidal set; the third set, few
in number, form a small band, which passes backwards to the restiform body to
enter the cerebellum, forming the lateral cerebellar tract.
The funiculus of Rolando, w^hich is a longitudinal prominence on the outer
side of the lateral tract, is now seen to be the enlarged head of the posterior cornu
of the grey matter which is displaced laterally in consequence of the increase in
size of the posterior columns of the medulla, so that it lies almost at right angles
to the posterior median fissure, and approaching the surface forms a prominence which is covered over by a very thin layer of white matter, derived from the
funiculus cuneatus.
Its most prominent part on the surface is called the tubercle
of Eolando.
The funiculus cuneatus is the direct continuation upwards of the postero-lateral
column of the cord. Its white fibres are derived from this region of the corji.
The fibres appear to end in the grey matter which forms the so-called nucleus of
this column
this nucleus, at first narrow, gradually enlarges, and produces,
externally, the eminence mentioned above as the tuberculum cuneatum.
The funiculus gracilis is the direct continuation upwards of the posterior
median column of the cord.
It consists entirely of white fibres, which are
continuous with those of this region of the cord. Like the funiculus cuneatus
its fibres appear to end in its so-called nucleus, which produces externally the
prominence mentioned above as the clava^
The restiform body is mainly constituted by the fusing together of the funiculus
of Rolando and the funiculus cuneatus, to which are added the arciform fibres of
the medulla and the direct cerebellar tract from the lateral column of the cord.
In addition to these, a bundle of fibres has been described by Solly as passing
from the anterior column of the cord obliquely upw^ards below the olivary body
to the restiform body.
The white fibres of the restiform body are continued
upwards to the cerebellum, forming its inferior peduncle.
Microscopic Anatomy of the Medulla. If the cranial nerves emerging from
the medulla are traced into its substance, it will be seen that they divide each
hemisphere of the medulla into three wedge-shaped areas, which have been
named the anterior, lateral, and posterior areas of the medulla.
The anterior area comprises that portion which is situated between the anterior
median fissure and the fibres of origin of the hypoglossal nerve. On the surface
of the medulla this area corresponds to the pyramid.
The lateral area comprises that portion which is situated between the fibres of
of

white

fibres, internally of a

:

;

;

—

.

—

;
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origin of the hypoglossal nerve and the fibres of origin of the glosso-pharyngeal,
pneumogastric, and spinal accessory nerves. On the surface of the medulla, in
but in the upper
its lower part, this area is single, and is called the lateral tract
part an oval-shaped body comes forward between it and the pyramid, pushing
This oval-shaped body is the olivary body.
aside the lateral tract.
Hhe posterior area comprises that portion which is situated between the fibres
of origin of the glosso-pharyngeal, pneumogastric, and spinal accessory nerves and
On the surface of the medulla, this area is marked
the posterior median fissure.
by slight furrows marking off smaller columns these, in the lower part of the
medulla, are named, from without inwards, the funiculus of Eolando, the funiculus
cuneatus, and the funiculus gracilis in the upper part of the medulla, the funiculus
of Eolando and the funiculus cuneatus appear to become fused together, forming
a single body, called the restiform body.
;

;

;

Fig. 456.

— Section of the medulla oblongata at about the middle of the
olivary body.

(Schwalbe.)
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The Arciform fibres. Deep set. The deep arciform fibres are more numerous
than the superficial set they traverse the whole area of the upper half of the
medulla, except the pyramid.
They pass from the raphe some become superficial and join the superficial arciform fibres
while others remain deep and pass
to the restiform body and to the nuclei of the funiculus cuneatus and funiculus
;

;

;

gracilis.

—

The raphe. The raphe is situated in the middle line of the medulla, above
the decussation of the pyramids.
It consists of nerve-fibres intermingled with
nerve-cells.

The

fibres

have dilferent directions which can only be seen

able microscopic sections
1

Some

;

in suit-

thus

are antero-posterior

;

these are continuous in front with the superficial

arciform fibres.
2. Some are longitudinal
these are derived from the arciform fibres, which
on entering the raphe change their direction and become longitudinal.
3. Some are oblique
these are continuous with the deep arciform fibres
which pass from the raphe.
;

;

—
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Some

of the fibres of the

ventricle.

raphe arise from the nuclei on the
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floor of the fourth

—

The formatio reticularis. In the substance of the medulla behind the pyramid
and olivary body is a peculiar reticulated structure, which has received the name
oi formatio reticularis
the appearance it presents in sections of the medulla is
due to its being composed of bundles of fibres running at right angles to each
;

some being longitudinal, others transverse.
The longitudinal fibres are derived
1. Prom the anterior column of the cord after the

other,

direct

pyramidal tract has

passed into the p}n.-amid.
2. From the olivary body.
3.

From

the lateral column of the cord after the crossed pyramidal tract has

passed into the pyramid.
4.

From

the funiculus cuneatus and funiculus gi'acilis.
fibres are the deep arciform fibres.

The transverse

In the lateral part
nerve-cells

is

of this reticular structure

found.

grey matter containing large

—

The Grey Matter of the Medulla oblongata. The grey matter of the medulla
oblongata is partly continuous with the grey matter of the cord, and partly
arranged in independent masses. It contains man}^ multipolar ganglion-cells.
In the lower part of the medulla, the grey matter, which is continuous with that
of the cord, is arranged in the shape of two crescentic horns with their convexities
towards each other and connected by a central commissure but in the upper part
it loses its crescentic arrangement, becomes more abundant, and is disposed with
;

less regularity.

The caput of the posterior horns becomes enlarged, and gradually shifted
outwards, so that they form rounded masses, close under the lateral tract, and
produce the prominence on the surface called the funiculus of Eolando.
The
neck of the cornu diminishes in size, and is broken up into a reticular formation
by the passage of longitudinal and transverse fibres through it, so that the caput
is separated from the rest of the grey matter.
As the central canal expands into the fourth ventricle, the rest of the posterior
horn of grey matter is pushed outwards into the funiculus cuneatus and funiculus
gracilis
in each of these funiculi it forms a distinct accumulation of grey matter,
constituting the nucleus cuneatus and the nucleus gracilis.
The anterior horn of grey matter is broken up by the passage through it of
the crossed pyramidal tract from the lateral column of the cord. By this means
the anterior portion of the horn is completely isolated from the remainder, and
constitutes the lateral nucleus of grey matter which is situated near the surface of
;

the lateral tract.
The greater part of the rest of the anterior horn being permeated by the
decussating fibres presents a reticular formation. A small part of the base of the
anterior cornu comes to the surface of the floor of the fourth ventricle, and is

exposed to view by the divergence of the funiculus cuneatus and funiculus gracilis.
forms a continuous mass, w^hich gradually increases in size and forms the
eminence of the fasciculus teres.
In it is a group of nerve-ceUs, which form the nucleus from which the roots
of the hypoglossal nerve arise.
At the base of the posterior cornu, in the lower part of the medulla, is a group
of cells, which, if traced upwards, are found to be pushed on one side
so that in
the floor of the fourth ventricle they are outside the hypoglossal nucleus and form
a second eminence, the ala cinerea from it arise the roots of the accessory portion
of the spinal accessory, pneumogastric, and glosso-pharyngeal nerves.
Outside
this again, and tow^ards the upper part of the medulla, is another group of cells
from which most of the fibres of the auditory nerve take origin.
Another independent mass of grey matter is found in the olivary body forming
the corpus dentatum.
It consists of a grey layer arranged in the form of a hollow

It

;

:
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its upper and inner part, and presenting a zigzag or dentated
White fibres enter the interior of this capsule by the aperture at its
upper and inner part, constituting the olivary peduncles. Some of these fibres

capsule, open at
outline.

terminate in the cells of the corpus dentatum, while others are continued through
the grey layer to join the arciform fibres. Furthermore, two small isolated bands
of grey matter are seen, one on the dorsal and the other on the mesial aspect of
the corpus dentatum these are known as accessory olivary nuclei.
:

Pons Vabolii
{tuber annulare) is the bond of union of the various segments
encephalon, connecting the cerebrum above, the medulla oblongata below,
and the cerebellum behind. It is situated above the medulla oblongata, below
the crura cerebri, and between the hemispheres of the cerebellum.
Its anterior ventral surface presents a broad transverse band of white fibres,
which arches like a bridge across the upper part of the medulla, extending between
This surface projects considerably
the two hemispheres of the cerebellum.
beyond the level of these parts, is of quadrangular form, rests upon the clivus of
the sphenoid bone, and is limited before and behind by very prominent margins.
It presents along the middle line a longitudinal groove, wider in front than behind,
which lodges the basilar artery numerous transverse stria? are also observed on
each side, which indicate the course of its superficial fibres.
Its posterior dorsal szw/ace forms a part of the floor of the fourth ventricle.
At each side its fibres become contracted into a thick rounded cord, the crus
cerebelli, which enters the substance of the cerebellum, constituting its' middle

The pons Varolii

of the

:

peduncle.

—

Structure.
The pons Varolii consists of two parts, which differ in appearance
and structure from each other the anterior or ventral half consists for the most
part of fibres arranged in transverse and longitudinal bundles with a small amount
:

the posterior or dorsal half is a continuation of the reticular
of grey matter
formation of the medulla with the grey matter of the floor of the fourth ventricle.
;

The

anterior or ventral half consists of three layers of fibres

:

(i)

superficial

deep transverse fibres.
These three layers are not, however, completely differentiated from each other,
for some transverse fibres may be seen between the bundles of the longitudinal
The superficial transverse fibres (fig. 457) pass from the crus or middle
fibres.
peduncle of the cerebellum to the median raphe of the pons, where they meet
and interlace with those coming from the opposite side. They then dip deeply
into the substance of the pons and pass to the crus cerebri of the opposite side.
The superficial longitudinal fibres enter the pons below as a single mass, being
the continuation upwards of the fibres of the pyramids of the medulla
as they
ascend they become broken up into bundles by some of the transverse fibres
passing through them, and are continued into the superficial portion of the crus
cerebri, much increased in number from being reinforced by the fibres derived
from the nerve-cells in the deep transverse strata.
The deep transverse fibres form a much thicker layer than the superficial set,
and contain much grey matter between them. The fibres pass from the crus or
middle peduncle of the cerebellum to the median raphe of the pons, where they
meet and interlace with those coming from the opposite side.
The posterior or dorsal portion of the pons is chiefly constituted by a continuation upwards of the reticular formation of the medulla and by the grey
matter of the floor of the fourth ventricle.
Microscopic Anatomy of the Pons. This presents the same reticular structure
as in the medulla, consisting of longitudinal fibres continued upwards from the
medulla, with interlacing transverse fibres between which is interspersed grey
matter with nerve-cells, especially in the deeper layers.
Many of the deep
transverse fibres join the nerve-cells, which are situated in the grey matter {nuclei
transverse fibres

;

(2)

superficial longitudinal fibres

;

(3)

;

—
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From these cells other fibres are given off which ascend
through the pons to the crus cerebri.
In the lower part of this portion of the pons is a small isolated collection of
grey matter, the superior olivary nucleus, enclosed by some of the deep transIt is situated close to the medulla, behind the
verse fibres, called the trapezium.
superficial longitudinal fibres from the pyramid and immediately above the olivary
The fibres of the trapezium, which are probably connected with the cells
body.
Near the floor of
of the nucleus, pass to the middle peduncle of the cerebellum.
the fourth ventricle important collections of nerve-cells are found, from which
some of the cranial nerves arise. One of these forms the nucleus of the sensory
a second, the nucleus of the motor part of the same
root of the fifth nerve
nerve a third, the nucleus of the sixth nerve and a fourth, the nucleus of the
The nucleus of the auditory nerve, situated ju.st at the junction of
facial nerve.
the pons and medulla, is prolonged upwards into the pons.

'pontis) of this layer.

;

;

;

Fig. 457.

— Superficial dissection of the medulla oblongata and pons.

(Ellis.)

SUPERFrClAL
FIBRES OF" PONS
RtFLE-CTEO--

—

a

Septum. The posterior part of the pons is subdivided into lateral halves by
medium septum, but this does not extend into the anterior half, being here

obliterated

by the transverse

change in the direction of

fibres.

It is

formed mainly by the decussation and

fibres as they cross the

middle

line.

Cerebkum
The cerebrum
surface or base

constitutes the largest portion of the encephalon.
an irregular form, resting in front on the anterior

is of

Its under
and middle
Its upper surface is
general outline, and

foss^ of the skull, and behind upon the tentorium cerebelli.
of an ovoid form, broader behind than in front, convex in its
divided into lateral halves or hemispheres, right and left, by the great longitudinal
fissure, which extends throughout the entire length of the cerebrum in the middle
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reaching down to the base of the brain in front and behind, but interrupted
middle by a broad transverse commissure of white matter, the corpus
This fissure lodges the
callosum, which connects the two hemispheres together.
falx cerebri, and indicates the original development of the brain by two lateral

line,

in the

halves.

Each hemisphere presents an outer surface, which is convex to correspond
with the vault of the cranium an inner surface, which is flattened, and in contact
with the opposite hemisphere (the two inner surfaces forming the sides of the
;

Fig. 458.

— Upper surface

of the brain, the

arachnoid having been removed.

nSSURfC OF

ROUAMDO

PARIETO-OCCIPITAL FISSURE

and an under surface or base, of an irregular form, which
on the anterior and middle fossae of the base of the skull, and behind
upon the tentorium cerebelli.

longitudinal fissure)

;

rests in front

Uppek Surface of the Cerebrum

(fig.

458)

arachnoid and pia mater are removed, the entire surface of each hemisphere will be seen to present a number of depressions {fissures and sulci)
separating a number of convoluted eminences (the convolutions or gyri).
The depressions are of two 'kvnA.^, fissures and sulci. The fissures are few in
number they are constant in their arrangement, and are produced by the foldThey involve both grey
ings of the cerebrum during the process of development.
and white matter. The sulci are more numerous they are superficial depressions of the grey matter, which is folded inwards and only indents the central
If the

;

;

CONVOLUTIONS OF CEEEBEUM
white substance

;
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they vary in different brains and in different parts of the same

brain.

—There

no accurate resemblance between the convolusymmetrical on the two sides of the
same brain, but their general arrangement or plan is fairly constant. Certain
infoldings of the cerebrum take place at an early period of development and form
important landmarks, which are constant and can without difficulty be recognised
but the secondary depressions and convolutions vary considerably.
The number and extent of the convolutions, as well as their depth, appear to
bear a close relation to the intellectual power of the individual, as is shown in
their increasing complexity of arrangement as we ascend from the lowest mamThus they are absent in some of the lower orders of
malia up to man.
mammalia, and they increase in number and extent through the higher orders.

The Convolutions.

is

tions in different brains, nor are they exactly

;

Fig. 459.

— Convolutions and fissures of the outer surface

of the cerebral hemisphere.
END OF CALLOSO/ MARGINAL FISSURE

>>
\

^

PARIETOOCCIPITAL
FISS.

A5CEMD1NG- FISS,
OF SYLVIUS

/

PlSSURE

OF SYLVIUS

\.

In

Again, in the child, at

they present the most complex arrangement.

man

birth, before the intellectual faculties are exercised, the convolutions have a very
simple arrangement, presenting few undulations and the sulci between them
;

In old age, when the mental faculties
deep than in the adult.
become much less prominently
convolutions
the
have diminished in activity,
marked.
The convolutions on the outer convex surface of the hemisphere are the
are

less

and most comphcated convolutions of the brain their general direction
more or less obhque they frequently branch like the letter Y in their course
upwards and backwards, towards the longitudinal fissure these convolutions
attain their greatest development in man, and are especially characteristic of the

largest

;

is

;

:

human

brain.

Structure of the Convolutions.

—The

outer surface of each convolution, as

3B
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well as the sides and bottom of the sulci between them, are composed of grey
The interior of each conis here called the cortical substance.

matter, which

and white fibres also blend with the greyis composed of white matter
matter at the sides and bottom of the sulci. By this arrangement the convolutions are adapted to increase the amount of grey matter without occupying much
additional space, while they also afford a greater extent of surface for the termination of the white fibres in grey matter.
The Lobes and Fissures of the Brain. Each hemisphere of the brain on its
external surface is divided into five lobes, the division being made by the main
fissures and by imaginary lines drawn to connect them (fig. 459).
The fissures dividing the five lobes on the external surface of the hemispheres
are three in number, and are named fissure of Sylvius, fissure of Bolando, and
volution

;

—

:

parieto-occiintal fissure.

The

fissure of Sylvius begins at the

base of the brain at the anterior per-

and passes outwards to the external surface of the hemisphere.
It gives off a short anterior limb, which passes forwards
and another, ascending
limb, which passes upwards into the inferior frontal convolution.
It is then
continued backwards, as the horizontal limb, and terminates in the parietal lobe
after curving upwards for a short distance. It separates the frontal and parietal
lobes from the temporo-sphenoidal, and occupies the middle third of the lateral
forated space,

;

surface of the hemisphere.

The fissure of Rolando is situated about the middle of the outer surface of the
hemisphere. It commences at or near the longitudinal fissure, and runs downwards and forwards to terminate a little above the horizontal limb of the fissure
of Sylvius, and about half an inch behind the ascending limb of the same
fissure.

The

It

separates the frontal from the parietal lobe.

only seen to a slight extent on the outer
not so distinctly marked as the others. The
portion on the outer surface of the hemisphere is sometimes called the external
parieto-occipital fissure, to distinguish it from the continuation of the sulcus on
the internal surface of the hemisphere, which would then be termed the internal
parieto-occijrital fissure.
It commences about midwaj^ between the posterior
extremity of the brain and the fissure of Eolando, and runs downwards and
forwards for about an inch. It divides the parietal and occipital lobes.
These three fissures divide the external surface of the hemisphere into five
parieto-occipital fissure

surface of the hemisphere,

lobes

:

and

is

is

the frontal, the parietal, the occipital, the temporo-sphenoidal, and the

central or island of Beil.
The frontal lobe is that portion of the brain

which is situ.ated in front of the
Eolando and above the horizontal limb of the fissure of Sylvius. Its
under surface rests on the orbital plate of the frontal bone, and is termed the
fissure of

orbital lobe.

The outer

surface of the frontal lobe presents three sulci,

The

which divide

it

into

runs upwards through this
lobe, parallel to the lower half of the fissure of Eolando.
It divides off a convolution, which lies between it and the fissure of Eolando, and which is called the
ascending frontal convolution.
2 and 3. From it two sulci, the superior and
inferior frontal sulci, run forwards and downwards and divide the remainder of
the outer surface of the lobe namely, that part in front of the precentral sulcus
into three principal convolutions, named respectively the superior, middle, and

four primary convolutions,

i.

pirecentral sulcus

—

—

inferior frontal convolutions.

The under

surface of the frontal lobe, which rests on the orbital plate of the

named the orbital lobe (fig. 460). It presents a well-marked
groove or sulcus for the olfactory tract. The convolution internal to this sulcus
forms part of the marginal gyrus, hereafter to be described. External to the
sulcus this surface of the frontal lobe is divided into three convolutions by a
well-marked sulcus, the orbital or tri-radiate s^ilcus. These are named, from
frontal bone,

is

their positions, the internal, anterior,

and

p)Osterior orbital convolutions,

and

are
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inferior frontal con-

volutions.

The ascending frontal convolution

is

a simple convolution,

bounded

in front

by the precentral sulcus, behind by the fissure of Eolando, and extending from
the upper margin of the hemisphere above to a little behind the bifurcation of
the fissure of Sylvius below.
The superior frontal convolution

is

situated between the m.argin of the longi-

tudinal fissure and the superior frontal sulcus.

It

extends above on to the inner

aspect of the hemisphere, forming the marginal convolution, and in front on to
It is much divided
the orbital surface, forming the internal orbital convolution.

by secondary

sulci.

The middle frontal convolution is situated between the superior and inferior
frontal sulci, and extends from the precentral sulcus to the lower margin of the
lobe, where it forms the anterior orbital convolution.
The inferior frontal convolution is situated below the inferior frontal sulcus,
and extends from the lower part of the precentral sulcus, circling round the
ascending and anterior limbs of the fissure of Sylvius to the under surface of the
lobe, where it forms the posterior orbital convolution.

The

and occipital lobes, and is
bounded in front by the
fissure of Eolando
behind, by the external parieto-occipital fissure, and a line
drawn in continuation of that sulcus over the hemisphere and below, by the
horizontal limb of the fissure of Sylvius, and a line connecting this with the
lower end of the superior occipital sulcus. Above, it extends to the longitudinal
fissure.
It presents for examination two su.lci and three convolutions.
not

parietal lobe

much more than

is

situated between the frontal

half the size of the former.

It is

;

;

,

The
of

commences close to the horizontal limb of the fissure
midway between the fissure of Eolando and the upturned

intraparietal sulcus

Sylvius, about

extremity of the fissure of Sylvius. It first runs upwards parallel to and behind
the lower half of the fissure of Eolando, and then turns backwards, extending
nearly to the termination of the external parieto-occipital fissure, where it sometimes becomes continuous with the superior occipital sulcus. The ascending
portion of this sulcus separates off a convolution, the ascending parietal, which

between it and the fissure of Eolando, whilst the horizontal portion divides
the remainder of the parietal lobe into two other convolutions, the superior and

lies

par ie tal.

inferior

The
branch

p)ost-central sulcus is a slightly

marked

gi'oove,

which

is

sometimes a

being given off where the ascending portion
of this sulcus turns backwards.
It hes parallel to and behind the upper part of
the fissure of Eolando, and separates the ascending from the superior parietal
of the intraparietal sulcus,

convolution.*

The ascending parietal convolution is bounded in front by the fissure of
Rolando, behind by the ascending portion of the intraparietal and the postProfessor

Cunningham

describes these two sulci, the intraparietal and post-central,
regards them as both belonging to the intraparietal sulcus,
which he divides into three parts the ascending portion of the intraparietal, as described
above, he terms the ramus verticalis inferior; the horizontal portion as the ramus liorizontalis while the post-central sulcus lie denominates the ramus verticalis superior.
He states that considerable variability is exhibited in the relation to each other of these
different parts of the mtraparietal sulcus, but that the one in which the three parts of the
sulcus are confluent is by far the most constant condition.
Sometimes, however, the three
parts of the siilcus may be all separate, or the ramus horizontalis confluent with the
ramus verticalis inferior, the ramus verticalis superior remaining separate or, again, the
vertical Hmbs may be confluent and the horizontal limb separate
or, finally, the ramus
horizontalis may be joined to the lower end of the ramus verticalis superior, while the
lower vertical limb is separate. The connection which sometimes exists between the
mtraparietal sulcus and the occipital lobe he calls the ramus occipitalis. In the majority
of cases, however, the occipital ramus is separated from the main portion of the intraparietal sulcus by a superficial or deep bridging convolution.
Journal of Anatomy and
Physiologi/, vol. xxiv. part ii. p. 135.

somewhat

differently.

He

:

;

;

;

3

B

2
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It extends from the great longitudinal fissure above to the horilimb of the fissure of Sylvius below.
It lies parallel with the
ascending frontal convolution, with which it is connected below, and also
generally above, the termination of the fissure of Eolando.

central sulci.

zontal

bounded in front by the post-central
from the previous convolution, but with which it is
usually connected above the upper extremity of the sulcus
behind, it is
bounded by the external parieto-occipital fissure, below the termination of which
it is connected with the occipital lobe by a narrow convolution, the first annecbelow, it is separated from the inferior parietal convolution by the
tant gyrus
horizontal portion of the intraparietal sulcus and above, it is continuous on the
inner surface of the hemisphere with the quadrate lobe.

The

stqjerior parietal convolution is

sulcus which separates

it

;

;

;

Fig. 460.

— Convolutions and fissnres of the under surface of the anterior lobe.

ANTERIOR
PERPOf?ATED

SPACE

The inferior parietal convolution is that portion of the parietal lobe which is
situated between the ascending portion of the intraparietal sulcus in front, the
horizontal portion of the same sulcus above, the horizontal limb of the fissure of
Sylvius below, and the posterior boundary of the parietal lobe behind.
It is
subdivided into two convolutions by an indistinct groove.
One, the supramarginal, lies behind the lower end of the intraparietal sulcus and above the
horizontal hmb of the fissure of Sylvius.
It is connected, in front, with the

ascending parietal convolution beneath the intraparietal sulcus, and with the
superior temporo-sphenoidal convolution behind, round the posterior extremity
of the fissure of Sylvius.
The other, the angular, is connected in front with the
foregoing, and with the middle temporo-sphenoidal convolution by a process

which curves round the superior temporo-sphenoidal or parallel sulcus.
connected with the occipital lobe by the second annactant gyrus.

It is
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triangular in shape and forms the posterior extremity of
in front by the external parieto-occipital fissure

bounded

and a line drawn from the extremity of this in the direction of the fissure across
It is continuous below and in front with
the outer surface of the hemisphere.
the temporo-sphenoidal lobe,

and above with the

parietal.

It is divided

on the

outer surface of the hemisphere into three convolutions by two indistinct sulci,

They are directed backwards across the
the superior and middle occipital sulci.
the superior is sometimes conlobe, being frequently small and ill-marked
;

tinuous with the horizontal portion of the intraparietal sulcus.
The superior occipital convolution is situated above the superior sulcus, and is
connected to the superior parietal convolution by the first annecta?it gyrus.
The middle occipital convolution is situated between the superior and middle
occipital sulci, and is connected to the angular convolution by the second annectant

and to the middle temporo-sphenoidal by the third annectant gyrus.
The inferior occipital convolution is situated below the middle occipital sulcus,
and is sometimes separated from the external occipito-temporal convolution on

gyrus,

Fig. 461.

— Convohitions and fissures of the inner surface of the cerebral hemisphere.

the under surface of the hemisphere by an inconstant sulcus, the inferior occipital
It is connected to the inferior temporo-sphenoidal convolution by the
fourth annectant gyrus.
The temporo-sphenoidal lobe is that portion of the' hemisphere which is lodged
in the middle fossa of the base of the skull.
In front and above, it is limited by
the fissure of Sylvius behind, it is connected with the parietal and occipital lobes,
and is limited artificially by a line continu^ing the direction of the external parietooccipital fissure across the outer surface of the hemisphere.
It is divided into
three convolutions by two sulci.
The superior of these runs parallel to the
horizontal limb of the fissure of Sylvius.
It is named the superior temporosphenoidal or parallel sulcus, and is well marked and constant.
The second, the
middle temporo-spihenoidal, is not so well marked or constant it takes the same
course at a lower level.
The superior temporo-sphenoidal convolution is situated between the horizontal
limb of the fissure of Sylvius and the superior temporo-sphenoidal sulcus. It is
continuous behind with the supramarginal convolution.
The middle temporo-sphenoidal convolution is situated between the superior

sulcus.

;

;
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and middle

sulci of the

same name, and is continuous behind with the angular and

middle occipital convolutions.
The inferior temporo-sphenoidal convolution is situated below the middle
temporo-sphenoidal sulcus, and is separated from the external occipito-temporal
convolution, on the under surface of the hemisphere, by a sulcus which is called
It is connected with the inferior occipital
the inferior temporo-sphenoidal stdcus.
convolution.
central lobe, or island of Reil (fig. 460), is situated in the fissure of Sylvius,
it is separated, in front, from the posterior orbital convoat the base of the brain
lution by a nearly transverse sulcus, the anterior sulcus of Beil externally, from

The

;

;

the inferior frontal convolution and the lower ends of the ascending frontal and
and
parietal convolutions, by another deep sulcus, the external sulcus of Beil
posteriorly, from the temporo-sphenoidal lobe, by a third sulcus, the posterior
;

Fig. 462.

I.

-Side view of the brain of man, showing the localisation of various
(After Ferrier.)
functions.

Centre for movements of opposite leg aud foot. 2, 3, 4. Centres tor complex movements ot the arms and legs, as in
6. Supination of the band and flexion of the forearm.
5. Extension forwards of the arm and hand.
Elevators and depressors of the angle of the mouth, g, 10. Movements of the lips aud tongue. 11. Eetraotiou
of the angle of the mouth. 12. Movements of the eyes. 13, 13'. Vision.
a, h, c, d. Movements of the
14. Hearing,

swimming.
7, 8.

wrists

and

fingers.

sulcus of Beil.

triangular-shaped prominent cluster of about six convolufrom being covered in by the fissure. By the
removal of these convolutions the extraventricular part of the corpus striatum
would be reached.
On the inner or median surface of the hemispheres the arrangement of the
convolutions is less complex they are generally well defined, and some of them
being of great length, there is not the same subdivision into smaller lobes as on
the external surface (fig. 461).
The fissures on the internal surface are five in
It is a

tions, the gyri operti, so called

;

number, and are named the calloso-marginal, the parieto-occipital, the calcarine,
the collateral, and the dentate.
The calloso-marginal fissure is seen in front, commencing below the anterior
extremity of the corpus callosum it at first runs forwards and upwards parallel
;
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the rostrum of the corpus callosum, and, winding round the genu of that body,
continues from before backwards, between the upper margin of the hemisphere
and the convokition of the corpus callosum, to about midway between the anterior
and posterior extremities of the brain, where it turns upwards to reach tlie upper
margin of the inner surface of the hemisphere a short distance behind the superior
extremity of the furrow of Eolando. It separates the marginal convolution from
the gyrus fornicatus or convolution of the corpus callosum.
The parieto-occipital fissure [internal 'parieto-occipital) is the continuation of
•with

it

the fissure of the
Fig. 463.

same name seen on the outer surface

of the

hemisphere.

It

— Top view of the brain of man, showing the localisation of various
functions.

(After Ferrier.)

Refereuees the same as iu the pix-cjJiiiy figure.

extends in an oblique direction downwards and forwards to join the calcarine
fissure on a level with the hinder end of the corpus callosum.
It separates the
quadrate from the cuneate lobe.
The calcarine fissure commences, usually by two branches, at the back of the
hemisphere, runs nearly horizontally forwards, and is joined by the parietooccipital fissure, and continues nearly as far as the posterior extremity of the
corpus callosum, to terminate a little below the level of this commissure. It
separates the cuneate lobe from the uncinate gyrus, and causes the prominence
known as the hippocampus minor or calcar avis, whence its name.
The collateral fissure is situated below the preceding, being separated from
it by the uncinate gyrus.
It runs forwards, from the posterior extremity of the
brain, nearly as far as the commencement of the fissure of Sylvius.
It runs
between the internal and external occipito-temporal convolutions. It lies below

NEEVOUS SYSTEM

744

the posterior and middle horn of the lateral ventricle, and causes the prominence
known as the eminentia collateralis.
The dentate or hippocampal fissure commences immediately below the posterior
extremity of the corpus callosum, and runs forward to terminate at the recurved
part of the uncinate gyrus. It corresponds with the prominence of the hippocampus major in the descending horn of the lateral ventricle.
The lobes or convolutions seen on the internal surface of the hemisphere are
gyrus fornicatus, marginal, quadrate, cuneate,
six in number, and are named
:

uncinate or internal occipito-temporal, and the external occipito-temjjoral.
The gyrus fornicatus, or convolution of the corpus callosum, is a well-marked

which begins

just in front of the anterior perforated space at the base of the
ascends in front of the genu of the corpus callosum, and runs backwards
along the upper surface of this body to its posterior extremity, where it joins the
uncinate convolution. It is bounded above in the greater part of its extent by the
caUoso-marginal fissure, which separates it from the marginal convolution behind
the spot where this fissure turns upwards it is continuous with the quadrate lobe.
The marginal convolution is situated above the preceding, and has received its
name from its position along the border of the hemisphere. It commences in front
of the anterior perforated space, runs along the margin of the longitudinal fissure
on the under surface of the orbital lobe, being bounded externally by the sulcus for
the olfactory tract it then turns upwards to the upper surface of the hemisphere,
and runs backwards, forming the marginal convolution, on the inner surface, to
the point where the calloso-marginal fissure turns upwards to reach the superior
border of the hemisphere.
The quadrate lobe [precuneus) is the marginal convolution of the longitudinal
fissure behind the calloso-marginal sulcus, lying between this fissure in front and
the internal parieto-occipital behind. It joins the gyrus fornicatus below, and is
continuous above with the superior parietal convolution.
The cuneate or occipital lobule is triangular in shape, being situated between
the internal parieto-occipital and calcarine fissures, which, as above mentioned,
meet behind the posterior extremity of the gyrus fornicatus.
The uncinate or internal occipito-temporal convolution extends from the
posterior extremity of the hemisphere to the fissure of Sylvius, being bounded
above by the calcarine and dentate fissure and separated below from the external
From the anterior
occipito-temporal convolution by the collateral fissure.
extremity a narrow portion is recurved or bent backwards in the form of a hook,
which is sometimes called the crochet or uncus. The back part of this convolution

lobe

brain

;

it

;

;

— that

is,

the part below the calcarine fissure

—

is

sometimes known as the lingual

lobule or gyrus.

The external occipito-temporal convolution is of considerable length, and lies
collateral fissure and the inferior temporo-sphenoidal sulcus, which

between the

it from the inferior temporo-sphenoidal convolution on the outer
surface of the hemisphere.

latter separates

Besides the great primary convolutions above named and described, and
which can be recognised in almost any well-developed brain, there are a great
number of secondary convolutions which pass from one primary convolution to
another, and often render the arrangement of the latter somewhat obscure of
these, the connections of the occipital lobe, above mentioned, and which are
;

named

annectant convolutions,

may

be taken as examples.

Cerebral Localisation and Toj^ograj^liy.— 'Within the last few years physiological and
pathological research have gone far to prove that the surface of the brain may be mapped
out into series of definite areas, each one of which is ultimately connected with some
well-defined function. And tliis is especially true with regard to the convolutions on either
side of the fissure of Rolando, whicli are believed by most phj'siologists of the present day
to be concerned in motion, tliose grouped around the fissure being associated with movements of the extremities of the opposite side of tlie body, and those around the lower end
of the fissure being related to movements of the mouth and tongue.
This is not the place, nor can space be given, to describe tliese localities. But the two

—
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accompanying woodcuts from Ferrier

(figs.

462, 463) have been introduced,

and
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will serve

to indicate the position of these areas as far as they have been at present ascertained.
The relation of the principal fissures and convolutions of the cerebrum to the outer

surface of the scalp has been the subject of much recent investigation, and many systems
have been devised by which one may localise these parts from an examination of the

external surface of the head.
These plans can only be regarded as approximately correct for several reasons in the
first place, because the relations of the convolutions and sulci to the surface are found to
be very variable in different individuals secondly, because the surface area of the scalp
is greater than the surface area of the brain, so that lines drawn on the one cannot correspond exactly" to sulci or convolutions on the other and thirdly, because the sulci and
convolutions in two individuals are never precisely alike. Nevertheless, the principal
fissures and convolutions can be mapped out with sufficient accuracy for all practical
purposes, so that any particular convolution can be generally exposed by removing with
the trephine a certain portion of the skull's area.
:

;

;

Fig. 464.

— Drawing to illustrate cranio-cerebral topography.
Taken from

a cast prepared

(Macalister.

by Professor Cunningham.

Superior front al fissure
I

End of callosoniarginal fissure

Parieto
occipital
fissure

life liar

frontal lobe

l

__

^Fissure of
Sylvius

The various landmarks on the outside of the skull, which can be easily felt, and which
serve as indications of the position of the parts beneath, have been already referred to (see
page 204) and the relation of the fissures and convolutions to these landmarks is as follows
Longitudinal Fissure. This corresponds to a line drawn fi'om the glabella at the root
of the nose to the external occipital protuberance.
The Fissure of Sylvius. The position of the fissure of Sylvius and its horizontal limb
is marked by a line starting from a point one inch and a qiiarter horizontally behind the
external angular process of the frontal bone to a point three-quarters of an inch below the
most prominent point of the parietal eminence. The first three-quarters of an inch will
represent the main fissure, the remainder the horizontal limb.
The biftncation of the
fissure is, therefore, two inches behind and about a quarter of an inch above the level of
the external angular process. The ascending limb of the fissure passes upwards from this
point parallel to, and immediately behind, the coronal suture.
Fissure of Bolando. To find the upper end of the fissure of Rolando, a measurement
should be taken from the glabella to the external occipital protuberance. The position of
:

,

—
—

—
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the top of the sulcus will be, measurmg from in front, 55-6 per cent, of the whole distance
from the glabella to the external occipital protuberance. Professor Thane adopts a somewhat simpler method. He divides the distance from the glabella to the external occipital
protuberance over the top of the head into two equal parts, and having thus defined the
middle point of the vertex, he takes half an inch behind it as the top of the sulcus. This
is not quite so accurate as the former method, but it is sufficiently so for all practical
purposes, and, on account of its simplicity, is very generally adopted. From this point
the fissure runs downwards and forwards for 3I inches, its axis making an angle of
67° with the middle line. Cunningham states that this angle more nearly averages 71*5°.
In order to mark this groove, two strips of metal may be employed one, the shorter,
being fixed to the middle of the other at the angle mentioned. If the longer strip is now
placed along the sagittal suture so that the junction of the two strips is OA-er the pomt
corresponding to the top of the furrow, the shorter, oblique strip will indicate the direction,
and 3f inches Avill mark the length of the furrow. Dr. Wilson has devised an instrument,
called a cystometer, which combines the scale of measurements for localising the fissure,
with data for representing its length and direction.* Professor Thane gives the lower end
of the furrow as 'close to the posterior limb, and about half an inch behind the bifm-cation
So that, according to this anatomist, a line drawn from a point
of the fissure of Sylvius.'
:

Fig. 465.

— Eelation of the principal fissures and convolutions of the cerebrum
to the outer surface of the scalp.

(Eeid.)

half an inch behind the mid-point between the glabella and external occipital protuberance
to this spot would mark out the fissure of Rolando.
Dr. Pieid adopts a different method
(fig. 465).
He first indicates, on the surface, the longitudinal fissure and the horizontal
limb of the fissure of Sylvius (as above). He then draws two perpendicular lines from
his base-line (that is, a line fi-om the lowest part of the infra-orbital margin through the
middle of the external auditory meatus to the back of the head) to the top of the cranium,
one (d e, fig. 465) from the depression in front of the external auditory meatus, and the
other (f g, fig. 465) from the posterior border of the mastoid process at its root. He has
thus described on the surface of the head a four-sided figure (f d g e, fig. 465), and a
diagonal Ime from the posterior superior angle to the anterior perpendicular line where it
is crossed by the fissure of Sylvius will represent the furrow.
The jJcirieto-occijjital fissure on the upper surface of the cerebrum runs outwards at
right angles to the great longitudinal fissure for about an inch, from a point ^th of an inch
in front of the lambda (posterior fontanelle).
Eeid states that if the horizontal limb of the
fissure of Sylvius be continued onwards to the sagittal suture, the last inch of this line will
indicate the position of the sulcus.
The 2^'>'ecentral s-ulcus lies in a line drawn vertically downwards from the point of
'

'

*

Lancet,

vol.

i.

1888, p. 408.
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junction of the sagittal and coronal sutures. It begins four-fifths of an inch in front of
the middle of the fissure of Eolando, and extends nearly, but not quite, to the horizontal
limb of the fissure of Sylvius.
The su2:)erior frontal fissure runs backwards from the supra-orbital notch, parallel with
the'line of the longitudinal fissure to f th of an inch in front of the line indicating the position
of the fissure of Eolando.
The inferior frontal fissure follows the course of the superior temporal ridge on the
frontal bone.
The intraparietal fissure begins on a level with the junction of the middle and lower
third of the fissure of Rolando, on a line carried across the head from the back of the root
After passing upwards, it curves backwards, lying
of one auricle to that of the other.
parallel to the longitudinal fissure, midway between it and the parietal eminence
it
then curves downwards to end midway between the posterior fontanelle and the parietal
;

eminence.

Cerebrum.

The under surface
named, from

of

Under Surface or Base

(fig.

466)

each hemisphere presents a subdivision into three lobes,

their position, anterior, middle,
Fig. 466.

d^ndi

posterior.

— Base of the brain.

Fiuntal lobe

Posterior
division
of Sylvian
fissure

^

Tenvporosphenoidal
loie

Occijjital
lobe

The anterior or frontal lobe, of a triangular form, with its apex backwards,
somewhat concave, and rests upon the convex surface of the roof of the orbit,
being separated from the middle lobe by the fissure of Sylvius, The middle lobe,
which is more prominent, is received into the middle fossa of the base of the
skull, and comprises the under part of the temporo-sphenoidal lobe.
The posterior
or occipital lobe rests upon the tentorium, its extent forwards being limited by
is

the anterior margin of the cerebellum.

;
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The various objects exposed to view on the under surface of the cerebrum, in
and near the middle Hne, are here arranged in the order in which they are met
with from before backwards.
Longitudinal fissure.
Corpus callosum and

Lamina

its

Optic commissure.
Tuber cinereum.

peduncles.

Infundibulum.

cinerea.

Pituitary body.

Olfactory tract.
Fissure of Sylvius.
Anterior perforated space.

Corpora albicantia.
Posterior perforated space.

Crura cerebri.

The longitudinal fissure partially separates the two hemispheres from each
and on raising the cerebellum
other it divides the tw^o frontal lobes in front
and pons, it will be seen completely separating the two occipital lobes. Of these
two portions of the longitudinal fissure, that which separates the occipital lobes
The intermediate portion of the fissure is filled up by the great
is the longer.
;

:

transverse band of white matter, the corpus callosum. In the fissure between the
two frontal lobes the anterior cerebral arteries ascend on the corpus callosum.
The corpus callosum terminates at the base of the brain by a concave margin,
which is connected with the tuber cinereum through the intervention of a thin
This may be exposed by gently
layer of grey substance, the lamina cinerea.
A white band may be observed
raising and drawing back the optic commissure.
on each side, passing from the under surface of the corpus callosum, backwards
across the posterior margin of the anterior space to the temporo-sphenoidal lobe
here they join the inner root of the olfactory tract these bands are called the
They may be traced upwards around the genu
jjeduncles of the corpus callosum.
to become continuous with the stricB longitudinales, or nerves of Lancisi, on the
upper surface of the corpus callosum (page 751). Laterally, this portion of the
;

:

corpus callosum extends into the frontal lobe.
The lamina cinerea is a thin layer of grey substance, extending backwards
above the optic commissure from the termination of the corpus callosum to the
tuber cinereum it is continuous on each side with the grey matter of the anterior
perforated space, and forms the anterior part of the inferior boundary of the
;

third ventricle.

The

is seen on each side of the longitudinal
each frontal lobe.
The fissure of Sylvius separates the frontal from the temporo-sphenoidal lobe,
and lodges the middle cerebral artery. It begins at the outer side of a depression,
This depression is
at the bottom of which is the antei'ior perforated space.
called the vallecula Sylvii.
At its commencement is seen a point of medullary
substance, corresponding to a subjacent band of white fibres, connecting the
On
frontal and temporo-sphenoidal lobes, and called the fascicuhis unciformis.
following this fissure outwards, it divides into two branches, enclosing portions
of the frontal and parietal lobes, which overhang and cover the upper part of a
prominent cluster of isolated convolutions called the island of Beil, or central
The overhanging portion of the frontal and parietal lobe is called the
lobe.
operculum of the insula.

fissure

olfactory tract, with

The

bulb,

its

upon the under surface

of

anterior perforated space

is

It is of a triangular shape,

Sylvius.

and the roots

situated at the inner side of the fissure of

bounded, in

front,

by the

orbital convolutions

behind, by the optic tract
externally, by the temporo-sphenoidal lobe and commencement of the fissure of
Sylvius internally, it is continuous with the lamina cinerea, and crossed by the

of the frontal lobe

of the olfactory tract

;

;

peduncle of the corpus callosum. It is of a greyish colour, and corresponds to
the under surface of the corpus striatum, a large mass of grey matter, situated
in the interior of the brain
it has received its name from being perforated by
numerous minute apertures for the transmission of small straight vessels into
;
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the substance of the corpus striatum, constituting the antero-median and anterobranches of the anterior and middle cerebral arteries.

lateral ganglionic

The

commissure

optic

is

situated in the middle line, immediately in front of

the tuber cinereum and below the lamina cinerea.*
between the two optic nerves.

It is the

point of junction

Immediately behind the diverging optic tracts, and between them and the
peduncles of the cerebrum {crura cerebri), is a lozenge-shaped interval, the interthe tuber cinereum,
peduncular space, in which are found the following parts
infundibulum, pituitary body, corpora albicantia, and the posterior perforated
:

space.
is an eminence of grey matter, situated between the optic
and extending from the corpora albicantia to the optic commissure, to

The tuber cinereum
tracts

which it is attached it is connected with the surrounding parts of the cerebrum,
forms part of the floor of the third ventricle, and is continuous with the grey
substance in that cavity. From the middle of its under surface a conical tubular
process of grey matter, about two lines in length, is continued downwards and
this is the
forwards, to be attached to the posterior lobe of the pituitary body
infundibulum. Its canal, which is funnel-shaped, communicates with the third
;

:

ventricle.

The pituitary body {hypophysis cerebri) is a small reddish-grey vascular mass,
weighing from five to ten grains, and of an oval form, situated in the sella Turcica,
in connection with which it is retained by a process of dura mater derived from
This process covers in the pituitary fossa,
the inner wall of the cavernous sinus.
enclosing the pituitary body, and having a small hole in its centre through which
the infundibulum passes.
The pituitary body is very vascular, and consists of two lobes,
Structure.
separated from one another by a fibrous lamina. Of these, the anterior is the
larger, of an oblong form, and somewhat concave behind, where it receives the
The two lobes differ both in development and
posterior lobe, which is round.
The anterior lobe, of a dark, yellowish-grey coloiu', is developed from
structure.
the ectoderm of the buccal cavity, and resembles to a considerable extent, in

—

microscopic structure, the thyroid body. It consists of a number of isolated
vesicles and slightl}^ convoluted alveoli, Hned by epithelium and united together
by connective tissue. The epithelium is columnar and occasionally ciliated.
The alveoli sometimes contain a colloid material, similar to that found in the
thyroid body, and their walls are surrounded by a close network of lymphatics
and capillary blood-vessels. The posterior lobe is developed by an outgrowth
from the embryonic brain, and during foetal life contains a cavity which communicates through the infundibulum with the cavity of the third ventricle. In
the adult it becomes firmer and more solid, and consists of a sponge-like connective tissue arranged in the form of reticulating bundles, between which are
branched cells, sorae of them containing pigment. In the lower animals the
two lobes are quite distinct, and it is only in the mammalia that they become
connected together.
The corpora albicantia, or mammillaria, are two small, round, white masses,
each about the size of a pea, placed side by side immediately behind the tuber
cinereum. They are formed by the anterior crura of the fornix, hence called the
bulbs of the fornix, which, after descending to the base of the brain, are folded
upon themselves before passing upwards to the thalami optici. They are composed externally of white substance, and internally of grey matter the grey
matter of the two being connected by a transverse commissure of the same
material.
At an early period of foetal life they are blended together into one
large mass, but become separated about the seventh month.
The posterior perforated space {pons Tarini) corresponds to a whitish-grey
substance placed between the corpora albicantia in front, the pons Varolii behind,
;

*

when

That

is

to say, the commissiu-e is superficial to the

the base

is

uppermost.

lamina in the order of dissection
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It forms the back part of the floor of the
by numerous small orifices for the passage of
the postero-median ganglionic branches of the posterior cerebral and posterior
communicating arteries.
The crura cerebri {peduncles of the cerehrum) are two thick cylindrical bundles
of white matter, which emerge from the anterior border of the pons, and diverge
as they jpass forwards and outwards to enter the under part of either hemisphere.
Each crus is about three-quarters of an inch in length, and somewhat broader in
They are marked upon their surface with longitudinal striae,
front than behind.
and each is crossed, just before entering the hemisphere, by a flattened white
band, the optic tract, which is adherent by its upper border to the peduncle. The
third nerve may be seen emerging from a groove on the inner side of each crus,
and the fourth nerve winding round its outer side from above.

and the crura cerebri on each

third ventricle.

side.

It is perforated

—

Structure of the Crura. Each crus consists of a superficial layer of longitudinal
white fibres, the crusta, continued upwards from the pons of a deeper layer, a
prolongation of the reticular formation, termed the tegmentum and of an intermediate stratum of grey matter, the locus niger.
The crusta, or the superficial layer of longitudinal fibres, consists of coarse
bundles of nerve-fibres, which are collected on the under or free surface of the crus.
It is formed almost entirely of longitudinal fibres continuous with the pyramidal
fibres of the medulla and pons, those derived from the medulla occupying the
The
central portion of the crusta, those added in the pons being placed laterally.
fibres pass to the cerebral hemispheres, entering the internal capsule.
The tegmentum forms the deeper part of the crus cerebri, and is united below
with its fellow of the opposite side by a prolongation of the septum of the pons
but separated above by the posterior perforated space. It consists of longitudinal
bundles of white fibres, interlaced by transverse fibres, together with a quantity of
grey matter with scattered nerve-cells. It forms a well-marked/orma^zo reticidaris
similar to that found in the pons and medulla, with which it is continuous,
receiving, however, a bundle of fibres {superior peduncle) from the cerebellum.
Above, the fibres enter the optic thalamus.
The locus niger is a mass of grey matter, situated between the crusta and
tegmentum, and projecting here and there between the bundles of the former.
It is thicker at the inner than at the outer side, and is traversed in its mesial
part by the fibres of origin of the third nerve. It contains irregular nerve-cells,
in which are lodged numerous dark pigment-granules.
The posterior lobes of the cerebrum are concealed from view by the upper
surface of the cerebellum and pons Varolii.
When these parts are raised, the
two hemispheres are seen to be separated by the great longitudinal fissure, this
fissure being interrupted by the posterior rounded border of the corpus callosum.
;

;

Geneeal Abeangement of the Parts composing the Ceeebrum
As the peduncles or crura of the cerebrum enter the hemispheres, they diverge
from one another, so as to leave an interval between them, the interpeduncular
space.
As they ascend, the component fibres of each pass through two large
masses of grey matter, the ganglia of the brain, called the thalamus opiticus and
corpus striatum, which project as rounded eminences from the upper and inner
side of each peduncle.
The hemispheres are connected together, above these
masses, by the great transverse commissure, the corpus callosum the interval
left between its under surface, the upper surface of the ganglia, and the parts
closing the interpeduncular space, forms the general ventricular cavity.
The
upper part of this cavity is subdivided into two by a vertical septum, the septum
lucidum and thus the two lateral ventricles are formed. The lower part of the
cavity forms the third ventricle, which communicates with the lateral ventricles
above, and with the fourth ventricle behind.
The fifth ventricle is the interval
left between the two layers composing the septum lucidum.
;

;
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Inteeioe of the Ceeebeum
If the upper part of either hemisphere is removed, with a scalpel, about half
an inch above the level of the corpus callosum, its internal white matter will be
exposed. It is an oval-shaped centre, of white substance, surrounded on all sides
by a narrow convoluted margin of grey matter which presents an equal thickness
in nearly every part.
This white central mass has been called the centrum ovale
minus. Its surface is studded, with numerous, minute red dots {puncta vasculosa), produced by the esca^^e of blood from divided blood-vessels.
In inflammation or great congestion of the brain, these are very numerous, and of a dark
If the remainijig portion of one hemisphere is slightly separated from
colour.
the other, a broad band of white substance will be observed connecting them at
the bottom of the longitudinal fissure; this is the corpus callosum.
The margins
of the hemispheres which overlap this portion of the brain are called the labia
Each labium is part of the convolution of the corpus callosum [gy^'us
cerebri.
and the space between it and the upper surface of
fornicaUis) already described
the corpus callosum has been termed the ventricle of the corpus callosum or
;

callosal fissure

(fig.

470).

The hemispheres should now be

sliced

off,

to a level with the corpus callosum,

when the white substance of that structure will be seen connecting the two hemispheres. The large expanse of medullary matter now exposed, surrounded by the
convoluted margin of grey substance, is called the centrum ovale majus of Vieussens.
The corpus callosum is a thick stratum of transverse fibres, exposed at the
bottom of the longitudinal fissure. It connects the two hemispheres of the brain,
forming their great transverse commissure and forms the roof of the space in the
interior of each hemisphere, the lateral ventricle.
It is about four inches in
length, extending to within an inch and a half of the anterior, and to within two
inches and a half of the posterior, part of the brain. It is somewhat broader
behind than in front, and is thicker at either end than in its central part, being
thickest behind.
It presents a somewhat arched form (figs. 474, 5), from before
backwards, and in front forms a distinct bend, named the genu, and is then
continued downwards and backwards between the frontal lobes to the base of the
brain, where it is connected, through the lamina cinerea, with the tuber cinereum.
The reflected portion of the corpus callosum is called the beak or rostrum it
becomes gradually narrower as it descends, and is attached by its lateral margins
to the frontal lobes.
At its termination the corpus callosum gives off two bundles
of white substance, which, diverging from one another, pass backwards, across the
anterior perforated space, temporo-sphenoidal lobe, where they join the inner root
of the olfactory tract.
They are called the peduncles of the corpus callosum.
Posteriorly, the corpus callosum forms a thick rounded fold, called the spleyiium, or
pad, which is free for a little distance, as it curves forwards, and is then continuous with the fornix. On its upper surface, the structure of the corpus callosum
Along the
is very apparent, being collected into coarse transverse bundles.
middle line is a linear depression, the raphe, bounded laterally by two or more
slightly elevated longitudinal bands, called the stria longitudinales or nerves of
Lancisi and, still more externally, other longitudinal striae are seen, beneath the
convolutions which rest on the corpus callosum. These are the strice longiThe under surface of the corpus callosum is
tudinales laterales or tcenice tectce.
continuous behind with the fornix, being separated from it in front by the septum
lucidum, which forms a vertical partition between the two ventricles. On each
side, the fibres of the corpus callosum extend into the substance of the hemiThe greater thickness of the two extremities
spheres, connecting them together.
of this commissure is explained by the fact that the fibres from the anterior and
posterior parts of each hemisphere cannot pass directly across, but have to take
a curved direction.
;

;

;

An incision should now be made through the corpus callosum, on either side of the
raphe, when two large irregular-shaped cavities will be exposed, which extend through a
These are the lateral ventricles.
great part of the length of each hemisphere.
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The lateral ventricles are serous cavities, formed by the upper part of the
general ventricular space in the interior of the brain. They are lined by a thin
diaphanous lining membrane (the ependyma), covered by nucleated epithelium,
with cilia scattered here and there in patches. It is moistened by a serous fluid,
which is sometimes, even in health, secreted in considerable quantity. These
cavities are two in number, one in each hemisphere, and they are separated from
each other by a vertical septum, the septum lucidum.

and three smaller
which extend from it in different directions. The anterior
cornua curves forwards and outwards into the substance of the frontal lobe.
The posterior cornu, called the digital cavity, curves backwards into the occipital
The middle cornu descends into the temporo-sphenoidal lobe.
lobe.

Each

lateral ventricle consists of a central cavity,, or tody,

cavities or cornua,

Fig. 467.

The
is

— Section of the brain.

central cavity, or

body

Made on

a level with the corpus callosum.

of the lateral ventricle, is triangular in form.

It

bounded, above, by the under surface of the corpus callosum, which forms the

Internally is a vertical partition, the septum lucidum, which
from the opposite ventricle, and connects the under surface of the
corpus callosum with the fornix.
Its floor is formed by the following parts,
the corpus
enumerated in their order of position, from before backwards
striatum, tcenia semicircularis, optic thalamus, choroid plexus, fornix, and comroof of the cavity.

separates

it

:

mencement of its corpus fimhriatum.
The anterior cornu is triangular

in form, passing outwards into the frontal
and curving round the anterior extremity of the corpus striatum. It is
bounded, above, by the corpus callosum below and externally, by the corpus
striatum and in front, by the reflected portion of the corpus callosum.
lobe,

;

;

lat:^eal ventricles
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cornu, or digital cavity, curves backwards into the substance of

backwards and outwards, and then inwards.
seen a longitudinal eminence, which is produced by the
extension inwards of the calcarine sulcus this is called the liippocamptts minor,
or calcar avis.
Between the middle and posterior horns a smooth eminence is
observed, which varies considerably in size in different subjects. It is called the
eminentia collateralis.
The middle or descending cornu, the largest of the three, traverses the middle
lobe of the brain, forming in its course a remarkable curve round the back of the
optic thalamus.
It passes, at first, backwards, outwards, and downwards, and
then curves round the crus cerebri, forwards and inwards, nearly to the point of
the occipital lobe,

On

its

inner wall

its

direction being

is

;

The

lateral ventricles of the brain.

the middle lobe, close to the fissure of Sylvius.
Its upper boundary, or roof, is
formed by the fibres of the corpus callosum, passing do\vnwards and outwards
into the temporo-sphenoidal lobe, with which are incorporated the posterior
fibres of the nucleus caudatus and taenia semicircularis, which are prolonged
into it.
Its lower boundary, or floor, presents for examination the following
parts
the hippocampus major, pes hippocavipi, eminentia collateralis, or pes
accessor ius, corpus fimhriatum of the fornix, choroid plexus, fascia dentata, trans:

verse fissure.

The corpus striatum has received

its

name from

the striped appearance which

section presents, in consequence of diverging white fibres being mixed with
the grey matter which forms the greater part of its substance.
The greater
its

portion of this body
is

is

embedded

in the white substance of the hemisphere,

therefore external to the ventricle.

and

It is tevmedi the extraventricukcr j^ortioJi,
.-.

C
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a part, however, is visible in the ventricle and its
or the nucleus lenticularis
this is the intraventricular iDortion, or the nucleus caudatus.
anterior cornu
;

;

its broad
intraventricular portion is a pear-shaped mass of grey matter
extremity is directed forwards into the fore part of the body and anterior cornu
its narrow end is directed outwards and backwards, and
of the lateral ventricle
lies on the outer side of the optic thalamus, and is continued into the roof of the
descending cornu it is covered by the serous lining of the cavity, and crossed
by some veins of considerable size. It is separated from the extraventricular
portion by a lamina of white matter, which is called the internal capsule, in
contradistinction to a lamina of white matter which covers the outer surface of
the extraventricular portion of the corpus striatum, and which is called the

The

;

;

:

—

Middle part of a horizontal section through the cerebrum at the level of the
Fig. 469.
(From Ellis, after Dalton.)
dotted line in the small fignre of one hemisphere.

The internal capsule is formed by fibres of the crusta of the
crus cerebri, supplemented by fibres derived from the nuclei on each side. In
horizontal section it is seen to be somewhat abruptly curved, with its convexity

external cai^sule.

inwards

the prominence of the curve is called the genu, and projects between
of the corpus striatum and the optic thalamus
(fig. 469).
The extraventricular portion of the corpus striatum, or nucleus
lenticularis, is oval in form.
It does not extend as far forwards or backwards
as the nucleus caudatus.
It is bounded externally by a lamina of white
matter called the external capsule, which is covered on its outer surface by
a thin layer of grey matter termed the claustrum.
The claustrum presents
the

;

intraventricular portion

ridges

and furrows on

its

outer surface, corresponding to the convolutions and

sulci of the island of Reil,
relation.

with the white matter of which

it

is

in immediate
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The taenia semicircularis is a narrow, whitish, semi-transparent band of
medullary substance, situated in the depression between the nucleus caudatus
Anteriorly its connections are somewhat obscure, but
and optic thalamus.
probably some of its fibres, if not all, are continued into the anterior pillar of the
It passes upwards and backwards through the lateral ventricle, and is
fornix.
continued into the roof of its middle or descending horn, at the extremity of
which it enters a mass of grey rhatter, the nucleus amygdalae. Beneath it is a
large vein [vena corporis striati), which receives numerous small veins from
the surface of the corpus striatum and optic thalamus, and joins the venae
Galeni.

The choroid plexus

is

a highly vascular, fringe-like structure,

a triangular fold of pia mater, the

surface of the fornix

FiG. 470.

velum interpositum, which

and forms the roof

which borders
on the under
As this mem-

lies

of the third ventricle.

— Transverse vertical section of the brain, through the fore part of the foramen
magnum, looked

at

from the

front.

(After Hirschfeld

and

Leveille.)

Grey matter

White

matte')

Ventricle of

^

1^

corpus callosiim

\u

Corpus callosum

'^'-^

ventricle

3.ippocampus

— Auditory

nerve

Pneumogastric
nerve

brane reaches the lateral borders of the fornix it projects from under its edge,
and, becoming fringed, it forms the choroid plexus, which is seen on the floor of
In front, the choroid plexus is small and tapering, and
the lateral ventricle.
communicates with the choroid plexus of the opposite side, through an oval
Posteriorly, it descends into the middle horn
aperture, the foramen of Monro.
of the lateral ventricle, where it joins with the pia mater through the transverse
fissure. In structure, it consists of minute and highly vascular villous processes,
containing an afferent and efferent vessel, and covered by a single layer of
flattened epithelium, the cells of which often contain a yellowish fat molecule.
The arteries of the choroid plexus enter the ventricle at the descending cornu,
and, after ramifying through its substance, send branches into the substance of
the brain.
The veins of the choroid plexus terminate in the venae Galeni.
The corpus fimbriatum {tcenia hippocampi) is a narrow, white, tape-like band,
situated immediately behind the choroid plexus.
It is the thin lateral edge of
the posterior pillar of the fornix, and is attached along the inner border of
3 c 2
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It

ventricle.

into the middle horn of the lateral
it descends
be traced as far as the crochet or hook of the uncinate

major as

the hippocampus

may

convolution.

The

thalamus and fornix will be described on a subsequent page.

02ytic

now be exposed, throughout its entire extent, by mtroducing
the little finger gently into it, and cutting outwards along the finger through the substance
of the hemisphere, which should be removed, to an extent sufficient to expose the entire
The middle cormi should

cavity.

The hippocampus major,

or cornu

Ammonis

(fig.

471), is a white eminence, of

a curved elongated form, extending throughout the entire length of the floor of
At its lower extremity it becomes
the middle horn of the lateral ventricle.
enlarged, and presents a number of rounded elevations with intervening de-

some resemblance to the paw of an animal,
hippocampi. If a transverse section is made through the
hippocampus major it will be seen that this eminence is produced by the

pressions, which, from presenting
is

called

the

Fig. 471.

-pes

—Transverse section of the middle horn

of the lateral ventricle.

(From a

drawing by Mr. F. A. Barton.)

EMINENTIA
COLLATERALIS

I11PP0CAMPUS

MAJOR-

GREY

matte:r~

OF THE
HIPPOCAIVIPUS,

extension inwards of the dentate (hippocampal) sulcus on the exterior of the
This sulcus is filled with grey substance, which projects along the free
margin of the hippocampus major, forming a notched ridge, the fascia clentata.
The hippocampus is covered on its ventricular surface by a thin lamina of grey
matter, w4iich is continuous with the corpus fimbriatum of the fornix.
The eminentia collateralis, or pes accessorius, has already been mentioned, as
a white eminence, varying in size, placed between the hippocampus major and
hippocampus minor, at the junction of the posterior with the descending cornu.
It is formed by the protrusion inwards of the collateral fissure.
Fascia dentata. On separating the inner border of the corpus fimbriatum
from the choroid plexus, and raising the edge of the former, a serrated band of
grey substance, the edge of the grey substance in the dentate fissure, will be

brain.

—

this is the fascia dentata.
seen beneath it
Correctly speaking, it is placed
external to the cavity of the descending cornu.
The transverse fissure is of a horseshoe shape, extending from the end of
:

the descending cornu on one side to the same point on the opposite side. Its
horizontal portion (which extends from the commencement of the descending
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cornu on one side to the same point on the opposite side) is bounded, above, by
the splenium, or rounded posterior extremity of the corpus callosum, and the
below, by the corpora quadrigemina, pineal gland, and the posterior exfornix
;

tremity of the optic thalamus. Its lateral portions curve downwards, forwards,
and inwards, and are bounded above by the crura cerebri and optic thalamus,

below by the hippocampus major and the corpus fimbriatum of the fornix.
Through this fissure the pia mater passes from the exterior of the brain into the
ventricles, to form the velum interpositum and the choroid plexuses.
Where the
pia mater projects into the lateral ventricle, beneath the edge of the fornix, it
pushes the hning membrane of these cavities before it so as to exclude all communication with the exterior of the brain.
The septum lucidum (fig. 474, 6) forms the internal boundary of the lateral
ventricles.
It is a thin, semi-transparent septum, attached, above, to the under
surface of the corpus callosum below, to the anterior part of the fornix
and,
in front of this, to the reflected portion of the corpus caUosum.
It is triangular
in form, broad in front, and narrow behind, its surfaces looking towards the
cavities of the ventricles.
The septum consists of two laminge, separated by a
narrow interval, the fifth ventricle.
;

;

Fifth Ventricle.

— The

fifth ventricle

which has become shut

was

originally a part of the great longi-

by the union of the hemispheres in
the formation of the corpus callosum above, and the fornix below. Its walls are
therefore formed by the median wall of the hemispheres, and consist of an internal
layer of grey matter, derived from the grey matter of the cortex and an external
layer of white substance continuous with the white matter of the cerebral hemispheres.
This is lined on its external surface by the ependyma of the lateral
ventricles.
The fifth ventricle is not lined by epithelium. In the foetus, and in
some animals, this space communicates, below, with the third ventricle but in
the adult, it forms a separate cavity. In cases of serous effusion into the
ventricles, the septum is often found softened, and partially broken down.
tudinal fissure,

ofi^

;

The

may

be exposed by cutting through the septiim and attached portion
with scissors after its examination the corpus callosum should
be cut across, towards its anterior part, and the two portions carefuUy dissected, the one
forwards, the other backwards, when the fornix will be exposed.
fifth ventricle

of the corpus callosum,

:

The fornix (figs. 468, 474) is a longitudinal lamella of white fibrous matter,
situated beneath the corpus callosum, with which it is continuous behind, but
separated in front by the septum lucidum.

It

rnay be described as consisting of

two symmetrical halves, one for either hemisphere. These two portions are
joined together in the middle line, where they form the body, but are separated
from one another in front and behind; forming the anterior a.nd jjosterior crura.
The body of the fornix is triangular narrow in front, broad behind. Its
upper surface is connected, in the median line, to the septum lucidum in front,
and the corpus callosum behind, while laterally this surface forms part of the
floor of each lateral ventricle.
Its under surface rests upon the velum interpositum, which separates it from the third ventricle, and the inner portion of the
optic thalami.
Its outer edge, on each side, is free and is in contact mth the
;

choroid plexuses.
The anterior crura arch downwards towards the base of the brain, separated
from each other by a narrow interval. They are composed of white fibres, which
descend through a quantity of grey matter in the lateral walls of the thkd
ventricle, and are placed immediately behind the anterior commissure.
At the
base of the brain, the white fibres of each crus form a sudden curve upon themselves, and spread out and form the outer part of the corresponding corjnts
albicans, from which point they may be traced upwards into the substance of
the corresponding optic thalamus (fig. 474).
The anterior crura of the fornix are
connected in their course with the peduncle of the pineal gland and the superficial fibres of the taenia semicircularis, and receive fibres from the septum
lucidum.
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and the anterior extremities
an oval aperture is seen on each side this is the foramen of
Monro (fig. 473)- The two openings descend towards the middle line, and lead
Through these openings the lateral
into the upper part of the third ventricle.
ventricles on each side communicate with the third ventricle, and consequently

Between the

anterior crura or pillars of the fornix

of the optic thalami,

:

with each other.

The posterior crura, at their commencement, are intimately connected by their
upper surfaces with the corpus callosum diverging from one another, they pass
downwards into the descending horn of the lateral ventricle, being continuous
with the concave border of the hippocampus major. The lateral thin edges of
the posterior crura have received the name of corpus fiynhriatum. Upon examining the under surface of the fornix, between its diverging posterior crura, a
;

Fig. 472.

-The fornix, velum interpositum, and middle or descending cornu of the
lateral venti'icle.

triangular portion of the under surface of the corpus callosum
it

are a

number

of lines

:

some

may be

seen.

transverse, others longitudinal or oblique.

portion has been termed the lyra, from the fancied resemblance
strings of a harp.

it

On
This

bears to the

Divide the fornix across anteriorly, and reflect the two portions, the one forwards, the
other backwards, when the velum interpositum will be exposed.

The velum interpositum or tela choroidea superior (fig. 472) is a vascular
membrane, a prolongation from the pia mater into the interior of the brain
through the transverse fissure, passing beneath the posterior rounded border of
the corpus callosum and fornix, and above the corpora quadrigemina, pineal

,
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and separates the under
from the cavity of the third ventricle. Its
posterior border forms an almost complete investment for the pineal gland, and
Its
is continuous with the general pia mater at the back and sides of the brain.
anterior extremity, or apex, ends just behind the anterior pillars of the fornix,
where it is connected with the smaller anterior extremities of the choroid plexuses,
which are united through the foramen of Monro. On its under surface are the
Its lateral margins form the choroid
choroid plexuses of the third ventricle.
plexuses of the lateral ventricles. Of the arteries of the velum interpositum,
some branches from the superior cerebellar and posterior cerebral enter from
another constant branch, the anterior
behind, beneath the corpus callosum
choroid, enters the velum interpositum at the extremity of the middle horn of
the lateral ventricle, and supplies this structure and the choroid plexus.
The
veins of the velum interpositum, the vencz Galeni, two in number, run between
its layers
they are formed by the venae corporis striati and the veins of the
choroid plexuses the venae Galeni unite posteriorly into a single trunk, which
gland,

and

optic thalami.

surface of the

body

It is of a triangular form,

of the fornix

;

.

;

;

terminates in the straight sinus

(fig.

426).

The velum interpositum should now be removed. This must be effected carefully,
its posterior part, where it invests the pineal gland
the optic thalami will
then be exposed with the cavity of the third ventricle between them (fig. 473).
especially at

The

optic thalami are

;

two large oblong masses, placed between the diverging

they are of a white colour superficially internally
they are composed chiefly of grey matter. Each thalamus rests upon its corresponding crus cerebri, which it embraces. Externally, it is separated from the
corpus striatum by the taenia semicircularis. Internally, it forms the lateral
boundary of the third ventricle and running along its upper and inner border
Its upper surface is free, being partly
is the peduncle of the pineal gland.
it is partially covered by the velum interpositum
seen in the lateral ventricle
and fornix, and corresponding to the free margin of the fornix, presents a groove,
which runs inwards and forwards, and terminates in front in an eminence, the
Its under surface is united with the tegmentum of the crus
anterior tubercle.
cerebri.
Its posterior extremity ^rojeets shoye the level of the corpora quadrigemina and crus cerebri, and internally forms a well-marked prominence, the
posterior tubercle or pulvinar, and below and outside this it presents two small
rounded eminences, the internal and external geniculate bodies. Between the
pulvinar and the posterior part of the peduncle of the pineal gland is a depressed
It contains a
area, triangular in shape, which is called the trigonum habenulce.
collection of nerve cells, to which fibres pass from the peduncle of the pineal
Its anterior extremity,
glands, and from which fibres pass to the tegmentum.
which is narrow, forms the posterior boundary of the foramen of Monro.
The Third Ventricle is the narrow oblong fissure placed between the optic
It is bounded, above, by the
thalami, and extending to the base of the brain.
under surface of the velum interpositum, from which are suspended the choroid
plexuses of the third ventricle. Its floor, somewhat obhque in its direction, is
formed, from before backwards, by the parts which are contained in the interpeduncular space, viz. the lamina cinerea, the tuber cinereum and inf undibulum
the corpora albicantia and the locus perforatus posticus, and behind these by the
tegmenta of the crura cerebri its sides are formed by the optic thalami, along
the upper and inner border of which are two white tracts, one on each side, the
peduncles of the pineal gland. It is bounded, in front, by the anterior crura of
the fornix, and part of the anterior commissure behind, by the posterior commissure, and the iter a tertio ad quartum ventriculum.
The cavity is much
deeper in front than behind, and presents a deep recess at its anterior part, which
Hes over the optic commissure and is therefore termed the op>tic recess. At its
posterior extremity the cavity forms another smaller recess, which extends into
the stalk of the pineal gland, and is termed the pineal recess.
portions of the corpora striata

;

;

;

;

;

;

.
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The

cavity of the third ventricle

from their position,

anterior, middle,

crossed by three commissures, named,

is
oxidi

j^osterior

round bundle of white fibres, placed in front
of the anterior crura of the fornix, and appears to connect together the corpora
striati.
Its fibres can be traced through the corpus striatum on each side, and
then backwards into the substance of the temporo-sphenoidal lobe.

The

anterior covimissure is a

The middle or soft commissure consists almost entirely of grey matter. It
connects together the optic thalami, and is continuous with the grey matter
It is frequently broken in examinlining the anterior part of the third ventricle.
ing the brain, and might then be supposed to be wanting.
Fig. 473.

An
The

— The third and fourth ventricles.

arrow has been placed in the

positioji of the

foramen of Monro.

is a flattened white band
connect together the optic thalami posteriorly. It
consists of decussating fibres which come from the tegmentum of the crus
cerebri on one side, and pass through the optic thalami, across the back part of
the third ventricle, to the white substance of the temporo-s^Dhenoidal lobe of the
other side.
Some of the fibres may also serve as commissural fibres between
the optic thalami. It bounds the third ventricle posteriorly, above the opening
of the Sylvian aqueduct.
The pineal gland is placed above it and connected to
its upper surface.

jMsterior commissure, smaller than the anterior,

of fibres,

and appears

to

The third venti-icle has four openings connected with it. In front are the two
oval apertures of the foramina of Monro, one on each side, through which the
third communicates with the lateral ventricles.
Behind is a third opening

;
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leading into the fourth ventricle by a canal, the aqueduct of Sylvius, or iter a
The fourth, situated in the anterior part of the
tertio ad quartum ventriculum.
floor of the ventricle, is a conical recess, which leads to the infundibulum.
The lining membrane of the lateral ventricles is continued through the

foramen

of

Monro

into the third ventricle,

and extends along the

iter a tertio

into the fourth ventricle.

which each lateral ventricle communiformed by the anterior extremity of the body
which, dividing into its two crura, arches downwards in front of the

The foramen

of

Monro

is

a foramen by

cates with the third ventricle.
of the fornix,

It is

anterior extremity of the optic thalami

the thalamus, but an interval

Monro.

Its

Fig. 474.

boundaries
-Vertical

is'

left

;

the crus

3.
4.

median

section of the encephalon,

The

8.

g.

The pineal gland.
The corpora quadrigemina.
The crus cerebri.
The valve of Vieussens (above the number).
The pons Varolii.
The third nerve.
The pituitary body.
The optic nerve.

fornix.

Anterior crus of the fornix, descending to the base
of the brain, and turning on itself to form the corpus albicans. Its course to the optic thalamus is indicated by a dotted line,
The optic thalamus. Behind the anterior crus of

showing the parts in the

;

parieto-oocipital fissure.
4 point to the calcarine fissure, wliich is just above
tlie numbers.
Between 2 and 3 are the convohitions of the quadrate lobe. Between 3 and 4 is the

7.

points to the anterior commissure, indicated by an
oval mark beliind the number.
.

behind, the anterior extremity of the optic thalamus
fornix

;

the foramen of

the fornix, a shaded part indicates the foramen of
Monro in front of the number an oval mark shows
the position of the grey matter continuous with the
middle commissure.
The velum interpositum.

The

6.

5.

is

line.

Convolutiou of the corpus callosum. Above it is the
calloso-margiual fissure, runuing out at 2 to join the
fiss^ire of Rolando.

cuneate lobe.
The corpus caUosum.
The septum lucidum.

however, in contact with

are, therefore, in front, the anterior pillar of the fornix

middle

I.

is not,

between the two, which

and below, the groove between the anterior

;

above, the body of the

pillar of the fornix

and the

optic thalamus.

Behind the third
quadrigemina

;

fir-cone), is a

are the corpora

{epiphysis cerebri), so named from its peculiar shape (pinus,
small reddish-grey body, conical in form (hence its synonym,

The pineal gland
a

and in front of the cerebellum,
upon these, the pineal gland.

ventricle,

and, resting
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conarmm), placed immediately behind the posterior commissure, and between the
upon which it rests. It is retained in its position by a duplicature of pia
mater, derived from the under surface of the velum interpositum, which almost
completely invests it. The pineal gland is about four lines in length, and from
two to three in width, at its base, and is said to be larger in the child than in
Its base is connected to the
the adult, and in the female than in the male.
cerebrum by a stalk on either side. This stalk consists of two flattened bands of
fibre, separated from each other by the pineal recess of the third ventricle (see
page 759). The lower of these bands is prolonged into the posterior commissure
the upper one (the peduncle of the pineal gland) passes forwards upon the upper
and inner margin of the optic thalamus to the anterior crus of the fornix, with
which it becomes blended. The two stalks join together at their posterior
extremity, in front of the pineal gland, forming a sort of festoon, and the base of
the gland is connected to their posterior margin at the point of junction.
Structure.
The pineal gland consists of a number of follicles, lined by
The
epithelium, and connected together by ingrowths of connective tissue.

nates,

;

—

fluid, and a quantity of sabulous matter,
composed of phosphate and carbonate of lime, phosphate
These concretions are
of magnesia and ammonia, "with a little animal matter.
almost constant in their existence, and are found at all periods of life. They
are fi-equently to be found upon the surface of the body, and occasionally upon

follicles

named

its

contain a transparent viscid

acervulus cerebri,

peduncles.

On the removal of the pineal gland and adjacent portion of pia mater, the corpora
quadrigemina are exposed.
The corpora or tubercula quadrigemina {o2:)tic lobes) are four rounded eminences
placed in pairs, two in front, and two behind, and separated from one another by
a crucial depression.
They are situated immediately behind the third ventricle
and posterior commissure, and beneath the posterior border of the corpus callosum.
Below, they are separated in the middle line from the crura cerebri by the
aqueduct of Sylvius, but on each side are continuous with the tegmentum of the
crura.
The anterior or upper pair, the nates, are the larger, oblong from before
backwards, and of a grey colour. The posterior or lower pair, the testes, are
hemispherical in form, and lighter in colour than the preceding. From the outer
side of each of these eminences, a prominent white band, termed brachvum, is
continued forwards and outwards. Those from the nates {brachia anteriora) are
the larger, and pass obliquely outwards, between the inner and outer geniculate
bodies, into the optic tract.
Those from the testes {brachia posteriora) pass
beneath an oval prominence, the internal geniculate body, and are no longer
traceable.
Both pairs, in the adult, are quite solid, being composed of white
matter externally, and grey matter within. These bodies are larger in the lower
animals than in man. In fishes, reptiles, and birds, they are only two in number,
are called the optic lobes, from their connection with the optic nerves, and are
hollow in their interior but in mammalia they are four in number, as in man,
and quite solid. In the human foetus they are developed at a very early period,
and form a large proportion of the cerebral mass at first they are only two in
number, as in the lower vertebrata, and hollow in their interior.
These bodies are connected with the cerebellum by means of a large white
cord on each side, the processus ad testes, or superior peduncles of the cerebellum,
which is continued onwards to the optic thalami, through the tegmentum of the
crus cerebri. Beneath the corpora quadrigemina, the fibres decussate with those
of the opposite side across the middle line.
The Fillet. Arching over these peduncles is a flattish band of white fibres
which was formerly known as the fillet, but is now known as the inferior or lateral
fillet, inasmuch as there are other fibres, which are more deeply placed, which are
known as the superior or mesial fillet. The inferior or lateral fillet issues from
beneath the transverse fibres of the pons, and arises chiefly from the superior
;

;

—
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and from a collection of nerve cells at the anterior extremity of this
these fibres are traced upwards through the pons, they will be seen
to become superficial at its upper border, to pass obliquely round the superior
peduncle of the cerebellum, and become lost in the posterior quadrigeminal body.
The superior or mesial fillet forms a conspicuous band of fibres seen in transverse
olivary nucleus

nucleus.

If

sections of the pons,

Some

medulla.
to the

and

is

derived from the opposite posterior columns of the
quadrigeminal body, and others

of its fibres pass to the anterior

cerebrum through the crusta.

The corpora geniculata are two small, flattened, oblong masses, placed on the
under and back part of each optic thalamus, and named, from their position,
The two bodies are separated from
corpus geniculatum externum and internum.
one another by one

of the roots of the optic tract, the brachia anterior,

from the

nates.

Steuctube of the Cerebrum

The cerebrum, like the other pai'ts of the great nerve-centre, is composed of
grey and white matter. In order to give some general idea of, its construction,
at all events in part, it may be compared, for the sake of illustration, to a tree,
the trunk of which divides into two main branches, and these break up into
smaller branches, which finally end in twigs to which are attached the leaves,
forming an investment to the branches and covering the whole tree. The trunk
is represented by the medulla oblongata as it passes through the foramen
magnum the two main branches by the crura cerebri, which break up into
smaller branches, which diverge from each other, dividing and subdividing, until
they reach the surface of the hemispheres, where they terminate in single nervefibres, to which are attached the basal axial cylinder processes of the nerve cells,
represented by the leaves.
These cells are arranged on the surface, resembling
But here
a cap covering the hemispheres, and constitute the cerebral cortex.
the analogy ends, for in the cerebrum we have, in addition to this cortex, other
masses of grey matter situated in the middle of the brain, and other white fibres
beside these diverging ones which have been mentioned, and which serve either
to connect the two hemispheres, of which the cerebrum consists, or else serve to
connect different structures in the same hemisphere.
The white matter of the cerebrum consists of medullated fibres, varying in
size and arranged in bundles, separated by neuroglia.
They may be divided into
three distinct systems, according to the course which they take.
i. Diverging or
peduncular fibres, which connect the hemispheres with the medulla oblongata
and cord. 2. Transverse commissural fibres, which connect together the two
hemispheres. 3. Commissural fibres, which connect different structures in the
same hemisphere.
I. The
diverging or peduncular fibres consist of a main body, which
originates in the cord and medulla oblongata, forms the longitudinal fibres of the
pons, and divides into two main branches, which, diverging from each other,
constitute the crura cerebri or cerebral peduncles.
In the crura cerebri, as has
been before described, the diverging fibres derived from the longitudinal fibres of
the pons Varolii are arranged in two strata, which are separated by the locus
niger the anterior or superficial stratum forming the crusta of these bodies, and
the posterior or deeper stratum, the tegmentum. The fibres derived from these
two sources take a different course, and will have to be separately considered.
The fibres of the crusta are derived from the pyramid of the medulla, which
fibres are continued upwards through the pons to form the crusta
they are
reinforced in their passage through the crus by accessory fibres derived from the
central grey matter around the Sylvian aqueduct and from the locus niger.
When they emerge from the crus, (i) some of the fibres pass directly upwards as
radiating fibres to the grey matter of the cerebral hemisphere, forming the corona
radiata
(2) some of the fibres pass to the internal capsule, between the nucleus
caudatus and lenticularis, where they give off fibres to these ganglia and receive
;

;

;

;

.
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others from them, and then, issumg from the capsule, diverge to form a part of
the corona radiata, passing to the cerebral cortex. The fibres which arise from
the ganglia are more numerous than those which terminate in the ganglia, so that

more fibres pass out of the ganglia than pass into them.
The fibres of the tegmentum are continuous with those longitudinal fibres of
the pons which are derived from the formatio reticularis of the medulla, which is
formed by fibres (i) from the anterior column of the cord (2) from the olivary
and (4) from the funiculus
body (3) from the lateral column of the cord
cuneatus and funiculus gracilis. They are reinforced by fibres from the corpora
quadrigemina and corpora geniculata, and from the superior peduncle of the
Some of these fibres pass through the
cerebellum, and enter the optic thalamus.
optic thalamus, and, being augmented by other fibres arising w^ithin this body,
pass out of it and spread out to form part of the corona radiata, especially joining the ganglion-cells of the cortex of the temporo-sphenoidal and occipital lobes
;

;

;

;

other fibres terminate in the optic thalamus.
They
2. The transverse commissural fibres connect the two hemispheres.
include {a) the transverse fibres of the corpus callosum (&) the anterior com:

;

the posterior commissure.
The corpus callosum, which has already been described, connects the
two hemispheres of the brain, forming their great transverse commissure, penetrating into the substance of the convolutions and intersecting the fibres of the

missure

;

(c)

corona radiata.

The

anterior commissure

is

a round bundle of white fibres,

front of the anterior crura of the fornix,

and appears

which

is

placed in

to connect the corpora

It passes outwards through the corpus striatum on each side, and then
curves backwards into the substance of the temporo-sphenoidal lobe.
'Jlh.e, posterior commissure, smaller than the anterior, is a flattened white band
It consists
of fibres, which appears to connect the optic thalami posteriorly.
of decussatiDg fibres which come from the tegmentum of the crus cerebri
on one side, and pass through the optic thalamus, across the back part of the
third ventricle, to the white substance of the temporo-sphenoidal lobe of the
other.
Some of the fibres ma}' also serve as commissural fibres between the optic
thalami
3. Commissural fibres coimecting different structures in the same hemisphere.
These fibres are of two kinds (i) those which connect adjacent convolutions,
and which are termed arcuate or association fibres (2) those which connect more
the longitudinal or collateral fibres.
distant parts in the same hemisphere
The arcuate or association fibres are situated immediately beneath the grey
substance of the cortex of the hemispheres, and connect together adjacent constriata.

:

;

—

volutions.

The

longitudinal or collateral fibres include the following
[a) the uncinate
{b) the fillet of the gyrus fornicatus
(c) the longitudinal fibres of the

fasciculus

:

;

corpus callosum; {cT) the taenia semicircularis
longitudinal fasciculus.

;

;

(e)

the fornix; (/) the inferior

(a) The uncinate fasciculus connects the convolutions of the frontal and
temporo-sphenoidal lobes. It passes across the bottom of the Sylvian fissure and
traverses the claustrum.
ib) The fillet of the gyrus fornicatus {Cingulum) is a band of white matter,
which encircles the hemisphere in an antero-posterior direction, lying in the substance of the convolution of the corpus callosum. Commencing in front at the
anterior perforated space, it passes forwards and upwards parallel with the
rostrum, winds round the genu, runs in the convolution from before backwards,
immediately above the corpus callosum, turns round its posterior extremity, and
passes into the hippocampus major, through which it courses to its anterior
extremity.
In its course it is connected with the secondary convolutions of the
gyrus fornicatus by short arcuate fibres.
(c) The longitudinal fibres of the corpus callosum or nerves of Lancisi connect
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the anterior and posterior extremities of the gyrus fornicatus or convokition of
the corpus callosum.
band of
(fZ) The tcBuia semicircularis is a narrow whitish semitransparent
medullary substance, situated in the depression between the nucleus caudatus

and the optic thalamus. Anteriorly, its connections are somewhat obscure, but
probably most of its fibres, if not all, are continued into the anterior pillar of the
fornix behind, it is continued into the roof of the middle or descending horn of
the lateral ventricle, at the extremity of which
enters a mass of grey matter, the nucleus
it
Fig.
Grey matter of the
;

—

475.
cerebral cortex.

amj^gdalse.

(Me.ynert.)

The fornix connects the optic thalamus
with the hippocampus major and uncinate con(e)

It has already been described as arising
from the grey matter of the optic thalamus it
then emerges from the under surface of this body,
forms the corpus albicans, where the fibres are
arranged in loops, between which nerve-cells are
it then passes upwards into the
to be found
third ventricle and joins with the fibres of the
other side forming the body of the fornix from

volution.

;

;

;

this the posterior pillars diverge, and, entering

the middle cornu of the lateral ventricle, part of
fibres are distributed to the hippocampus
major, and the remainder end as the taenia hippocampi or fimbria, which is continued as a distinct
piece to the crochet or uncus of the uncinate conits

volution.
(/)

The

inferior longitudinal fasciculus

collection of fibres

is

a

which connects the temporo-

sphenoidal and occipital lobes, running along the
outer wall of the middle and posterior cornu.
The grey matter of the cerebrum is disposed
i. The grey matter of
in three great groups:
2. The grey matter of the
the cerebral cortex.
basal ganglia, that is, the great ganglia of the
base of the cerebrum. 3. The grey matter which
lines the internal surface of the upper part of
the cerebro-spinal tube, that is, the remains of
the cavity in the original vesicles from which
the brain was formed, and which constitutes the
central cavities of the organ.
I. The grey matter of the cortex (fig. 475)
invests the surface of the hemispheres and gives
them external form. When vertical sections are

made thTough
it is

found

it,

and examined microscopically,

to consist of five separate layers, but

to this there are some exceptions.
According to
Meynert these exceptions are to be found (i)
:

in the posterior portion

of the

occipital lobe

;

hippocampus major (3) in the wall of the fissure
of Sylvius
and (4) in the olfactory bulb. The five layers in the common type
are as follows
(i) The first layer is principally composed of a matrix or
neuroglia, through which a few small ganghon-cells are irregularly distributed,
and a nerve-fibre network. (2) The second layer consists of numerous small
p^nramidal cells, which have their long axes vertical to the surface of the convolutions, and are closely aggregated together so as to completely fill the layer
with a number of closely compressed cells.
(3) The third layer is named by
(2)

in the grey cortex of the
;

:

;
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Meynert the formation of the cornu Ammonis, as it is made up of cells, which are
It consists of the same sort
the only morphological element found in this part.
of pyramidal cells, arranged vertically to the surface, as was found in the preceding layer, but they are of very much larger size, and increase pi-ogressively
towards the deeper parts of the layer, and they are much more widely separated
from each other. This layer is the principal and broadest one of the series, and
is at least twice as deep as the preceding layer.
(4) The fourth layer is termed
the granular formation by Meynert, and consists of numerous small, irregular,
rarely triangular or elongated, cells, which resemble the nerve-corpuscles found
in the internal granule layer of the retina, and which are closely aggregated
together.
(5) The fifth layer is termed the claustral formation, and consists of a
very large proportion of spindle-shaped cells, which are the peculiar elements of
They are especially numerous in the inner half, and are arranged
this layer.
They have received their name
horizontally, extending parallel to the surface.
from the fact that the claustrum is made up almost entirely of an accumulation
It will be seen, therefore, that the differences in these layers
of these cells.
depend upon the varying form and size of the cells and the closeness of their
arrangement, and that the typical form of cell, and the only one which is
admitted by some observers, is the pyramidal cell or nerve-corpuscle.
Character of the pyramidal cell or nerve-corjjuscle. These nerve-corpuscles
are destitute of a cell w^all they present a nucleus, sometimes round or oval,
sometimes angular, and give off many processes. One of these, which, in the
cells arranged vertically to the surface, projects outwards and is named the
process of the apex, is strong and branched, and according to Cleland is continuous with the nerve-fibre network in the first or superficial layer of the
Another process projects inwards towards the white matter of the
cortex.
hemisphere and from the opposite extremity of the cell. It is termed the
It is more slender than the preceding and
process of the centre of the base.
It is an axis-cylinder process, and, becoming invested
remains unbranched.
with a medullary sheath, constitutes a nerve-fibre, extending into the central
white matter. In addition to these, lateral processes are given off, forming the
processes of the basal angle, which can be traced for a longer or shorter distance,
and break up into a network of extremely minute nerve-fibres.
Special types of the grey matter of the cortex.
The special types of grey
matter of the cortex are the following (i) On the posterior portion of the occipital lobe the grey matter consists of eight layers.
This is produced by the
intercalation of intermediate granule layers, similar to those forming the fourth
layer of the typical cortex.
(2) In the grey matter of the cortex of the hippocampus major or cornu Ammonis, pyramidal cells are alone found, such as have
been described in the third layer of the typical cortex. This constitutes the

—

;

—

:

and fifth layers being
and the second layer containing no cells. (3) In the wall of the Sylvian
it separates the white matter
fissure the grey matter is termed the claustrum
of the convolutions of the island of Eeil from the external capsule of the corpus
This presents peculiarities of structure, consisting mainly of spindlestriatum.
shaped cells, such as constitute the fifth layer. (4) In the olfactory bulb, which
greater part of the structure in this situation, the fourth
absent,

;

may be regarded as a portion of the cerebral hemispheres, forming a cap superimposed upon a conical process of the cerebrum,' is another variety of structure,
differing from the type of the cortex of the hemispheres.
The bulb consists of
both grey and white matter, and sometimes retains a central cavity lined by
The lower part is grey matter, and consists of the following layers
epithelium.
from below upwards, (i) The olfactory nerve-layer, consisting of a layer of nonmedullated nerve-fibres derived from the nerves which supply the olfactory
'

region.

(2)

The stratum glomerulosum,

taining small nuclear cells,
cells.

(3)

nerve-cells

consisting of nodulated masses, con-

and a convoluted olfactory nerve-fibre amongst the

The stratum gelatinosum, consisting of pyramidal or spindle-shaped
and a fine network of nerve-fibre. (4) The granular layer, consisting

—
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small irregular nerve-cells reseoibling the fourth layer of the cerebrum or the
granular layer of the retina.
The great ganglia of the base of
2. The grey matter of the basal ganglia.
the brain are, the corpus striatum, the optic thalamus, the corpora quadrigemina,
Only a part, however, of the grey
the corpora genieulata, and the locus niger.
matter of the corpora quadrigemina that found on the periphery of this body
belongs to this group the remainder, that contained in its centre around the
Sylvian aqueduct, belongs properly to the third group, v^hich will be discussed
immediately.
The corpus striatum presents two distinct and separate masses, the nucleus
caudatus, which is the intraventricular portion of the corpus striatum, and the
nucleus lenticularis, which is the extraventricular portion.
The two are separated
from each other by a distinct lamina of white matter, the internal caiJSule, which
also separates the nucleus lenticularis from the outer part of the optic thalamus.
The grey matter of the corpus striatum is permeated by tracts of meduUated
of

—

—

;

some

which probably originate in it, though the actual connection
with the cells has not been demonstrated. The nerve-cells
are multipolar, both large and small, the larger being principally found in the

nerve-fibres,

of

of the nerve-fibres

lenticular nucleus.

The

formed

covered over by a superfrom the internal capsule.
The grey matter is arranged in two masses, the outer and inner nuclei, partially
divided by a vertical white septum. It is traversed by numerous nerve-fibres,
which for the most part have no definite direction some, however, converge and
form a bundle which passes downwards to form the anterior root of the fornix.
It contains comparatively large nerve-cells, both multipolar and fusiform.
The
inner nucleus is connected across the middle line with the inner nucleus of the
opposite side by the middle commissure of the third ventricle, which, however,
belongs to the third group of grey matter.
The corpora quadrigemina consist of two distinct and separate collections of
grey matter, one at or near the surface, which belongs to the basal ganglia, and
one in the centre around the aqueduct of Sylvius. The former will only be
considered at present. The peripheral grey matter of the corpora quadrigemina
The posterior lobes or testes
differs somewhat in the posterior and anterior lobes.
are composed almost entirely of grey matter, covered over by a thin stratum of
white matter, and separated from the central grey matter by tracts of transverse
white fibres derived from, and forming part of, the fillet. The anterior lobes or
nates are covered superficially by a thin stratun of white matter beneath this is
a layer of grey matter, termed the stratum cinereum, and consisting, as well as the

ficial

optic

thalamus

is

chiefly

of gi'ey matter,

layer of w^hite, which on the outer side separates

it

;

;

grey matter of the posterior lobes, of small multipolar cells embedded in a fine

network of nerves. Beneath this again is a characteristic mass of grey matter,
termed the stratum opticum, which is made up of fine nerve-fibres, coursing in a
longitudinal direction, and containing between them small masses of grey substance, consisting of

between
a thin lamina

Lastly,
is

The

small multipolar nerve-cells embedded in grey matter.

body and the central grey matter around the Sylvian aqueduct
white matter, derived from the fillet.

this
of

geniculate bodies are continuous with the grey substance of the optic

thalamus, and the external one {corpus geniculatum externum) is peculiar on
account of its dark colour, due to its cells containing pigment. It presents a
laminated arrangement, and consists of alternate thick layers of grey matter
and thin layers of white matter. Its cells are multipolar. The internal body
{corpus geniculatum internum) is of lighter colour, does not present a laminated
arrangement, and its cells are smaller in size and fusiform in shape.
The locus niger, or grey matter of the crus cerebri, like the external geniculate
body, is peculiar from the large amount of dark pigment-granules which are
contained in its ganglion-cells, and which give to it its dark colour, from which
it has derived its name.
Its cells are small and multipolar.
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3. The central grey matter of the cerebrum lines the upper part of the
cerebro-spinal tube, which is the remains of the cavity in the original vesicles
from which the brain was formed, and is continuous with the grey matter of the

and through it with the grey matter of the cord. This
found lining the aqueduct of Sylvius, by which the third
communicates with the fourth ventricle it covers the inner wall of each optic
thalamus, forming the middle or grey commissure of the third ventricle it also
it covers behind the upper surface of the
lines the floor of the third ventricle
tegmentum of the crus, and in front it approaches the surface of the brain,
forming the posterior perforated space and the lamina cinerea. It forms also
the tuber cinereum and the infundibulum, and in the lower vertebrata, especially
In the higher vertebrates this lobe
fishes, the posterior lobe of the pituitary body.
does not present any nervous structure, being encroached upon and obliterated
by an ingrowth of connective tissue and vessels.
The grey matter surrounding the Sylvian aqueduct, w^hich has been before
mentioned as the central grey matter of the corpora quadrigemina, presents
some features requiring especial mention. It forms a tolerably thick layer
that is, below the
surrounding the canal, but is thicker on the lower w^all
The cells, which are multipolar, are here collected into
canal, than above.
The
groups, and form nuclei for the origin of the third and fourth cranial nerves.
nucleus for the third and fourth consists of a column of cells of large size on
In addition to these cells there are
either side of, and close to, the median line.
found at the periphery of the zone of grey matter surrounding the aqueduct, some
sometimes single, sometimes grouped in twos or threes,
other, and larger, cells
or even more. They are globular, and lie in the midst of well-marked nerve-fibres,
with which their processes appear to be continuous.
floor of the fourth ventricle,

central grey matter

is

;

;

;

;

:

The Ceeebellum
The Cerebellum, or little brain, is that portion of the ence|)halon which is
contained in the inferior occipital fossae. It is situated beneath the occipital lobes
In form, the
O'f the cerebrum, from w^hich it is separated by the tentorium.
cerebellum is oblong, and flattened from above downwards, its great diameter
being from side to side. It measures from three and a half to four inches transversely, and from two to two and a half inches from before backwards, being about
two inches thick in the centre, and about six lines at the circumference, which is
It consists of grey and white matter
the former, darker than
the thinnest part.
The surface
the latter, the interior.
that of the cerebrum, occupies the surface
of the cerebellum is not convoluted like the cerebrum, but traversed by numerous
curved furrows or sulci, which vary in depth at different parts, and separate the
laminae of which its exterior is composed.
Weight of the Cerebellum, Its average weight in the male is 5 oz. 4 drs. It
attains its maximum weight between the twenty-fifth and fortieth year its increase
in weight after the fourteenth year being relatively greater in the female than in
the male. The proportion between the cerebellum and cerebrum is, in the male, as
I to 8f
and in the female, as i to 8^. In the infant, the cerebellum is proportionately much smaller than in the adult, the relation between it and the cerebrum
being, according to Chaussier, between i to 13, and i to 26
by Cruveilhier the
proportion was found to be i to 20.
Lobes of the Cerebellum. The cerebellum consists of two lateral portions, or
hemispheres, joined together by a median narrower part, the vermiform process.
This central portion on the upper surface of the cerebellum forms a slight elevation, which is termed the superior vermiform process whilst on the under surface
it forms a well-marked projection, the inferior vermiform process, at the bottom
of a deep recess between the two hemispheres.
This recess or fossa is known as
the valley or vallecula, and in it is lodged the medulla it terminates in front at
the fourth ventricle and behind in a deep notch, the incisur a cerehelli posterior
:

;

—

;

;

;

—

;

;
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{incisura viarsiipialis), which separates the posterior part of the two hemispheres from each other, and is occupied by the falx cerebelh.
The two
hemispheres are also separated in front and above by a broader, shallower
notch, the incisura cerebelli anterior {incisura semi-lunar is), which encu'cles the
posterior part of the corpora quadrigemina.
The cerebellum is connected to the rest of the encephalon by three paks of
peduncles, which will be described in the sequel a superior pah', which connect it
:

with the cerebrum a middle pah-, which connect it with the pons and an inferior
pah% which connect it with the medulla.
The cerebellum is divided into an upper and a lower portion by a great
horizontal fissure, which commences in front at the pons and passes horizontally
round the free margin of the hemisphere to the middle hne behind. From this
primary fissm-e numerous secondary fissm-es proceed, which separate the cerebellum into lobes, and in these lobes are cm-ved furrows or sulci, which separate
individual foha or laminae from each other.
;

The

;

superior surface of the cerebellum

(fig.

476)

is

somewhat elevated

in the

middle line and sloped towards its ch'cumference it consists of the two lateral
hemispheres connected together by an elevated median portion or lobe, the
;

Fig

Upper surface

of the

cerebellum.

JncCsTir-a.

The

superior vermiform process.

principal fissure on the lateral parts of

this

commencement, passes
convexity backwards and

surface starts from the great horizontal fissure near its

backwards and inwards in a curved direction, with its
outwards, to .the back part of the superior vermiform process. It divides the
upper surface of the hemisphere into two lobes, an anterior or square lobe and
a posterior or semi-lunar lobe.
The anterior or square lobe is subdivided by
another fissure into an anterior and posterior crescentic portions. A small part
of the anterior crescentic portion is by some differentiated off from the rest by
another fissure, which is situated near the anterior border of this surface. This
small part is kno^^^l as the ala lobuli centralis, because it is continuous internally
with the central lobe of the superior vermiform process.

The superior vermiform process is the elevated median portion which connects
the two lateral hemispheres.
It begins at the valve of Yieussens, between the
two superior peduncles of the cerebellum, and terminates at the bottom of the
posterior notch. The process is divided by fissures, which are continuous with the
on the lateral hemispheres, into the following parts, enumerated in thenorder from before backwards the lobulus centralis, the monticulus cerebelli and
the folium cacuminis.

fissures

:

3!)
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is a small, square lobe situated below and behind the
separated
by a fold of pia mater. It rests on a tonguetestes,
shaped process of the cerebellum, the lingula, which separates the central lobe
from the valve of Vieussens. Laterally the lobulis centralis expands and forms
the anterior part of the square lobe under the name of the ala lobuli centralis.
The monticulus cerebelU consists of two parts, the lotus culmihis (culmen) and
the lobiis clivi (clivtcs), which are continuous on each side with the anterior and
the
posterior crescentic parts of the square lobe of the lateral hemispheres
fissure which separates the culmen from the clivus being the continuation of
the fissure which separates the anterior cirescentic portion from the posterior.
The folium cacuminis is a short and narrow concealed band, which connects the posterior superior or semi-lunar lobes of the lateral hemispheres.
The under surface of the cerebelknn (fig. 477) is subdivided into two lateral
hemispheres by a depression, the vallecula, or valley, which extends from before
These lateral hemispheres are lodged in the
backwards in the middle line.
the median depression, or valley, receives the back part
inferior occipital fossse
of the medulla oblongata, is broader in the centre than at either extremity, and
has, projecting from its floor, part of the median lobe of the cerebellum, called the

The

lobulus centralis

from which

is

it

;

;

vermiform ]_:)rocess.
the under surface of each hemisphere there are five lobes, separated by
(i) the flocculus or subijeduncular lobe,
these are, from before backwards

inferior

Upon
sulci

;

:

Fig. 477.

— Under surface of the cerebellum.

a prominent tuft, situated behind and below the middle peduncle of the cerebellum

composed

;

grey matter, subdivided into a few small laminae it is
sometimes called ihe pieumogastric lobule, from being situated behind the pneumogastric nerve
(2) the amygdala or tonsil, situated on either side of the great
median fissure or valley, and projecting into the fourth ventricle (3) the digastric
or biventral lobe, situated on the outside of the tonsil, and connected in part with
the pyramid (4) the slender lobe, behind the digastric, and connected with the back
part of the pyramid and the commissura brevis
and more posteriorly (5) the
inferior iJosterior lobe, which also joins the commissura brevis in the valley.
The inferior vermiform process. The parts entering into the composition of
the inferior vermiform process, from behind forwards, are the tuber valvulcB or
commissura brevis, a transverse lamina uniting the inferior posterior and slender
lobes of the two sides
in front of this, a laminated conical projection, the i^yramid,
which is connected to the digastric lobe by a narrow ridge more anteriorly, a
larger eminence, the uvula, which is placed between two rounded lobes, the

its

surface

is

of

;

:

:

:

:

—

:

;

;

amygdala or tonsils, which occupy the sides of the valley, and which is connected
with them by a commissure of grey matter, indented on the surface, called the
In front of the uvula is the nodule it is the anterior pointed
termination of the inferior vermiform process, and projects into the cavity of the
furroioed band.

;

.
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named by Malacarne the laminated

tubercle.

On each

a thin layer of white substance, attached externally to
these form together the inferior
the flocculus, and internally to the nodule
medullary vehmi, or commissure of the flocculus. It is usually covered in and
side of

is

;

concealed by the amygdalse, and cannot be seen until they are drawn aside.
This band is of a semi-lunar form on each side, its anterior margin being free and
concave, its posterior attached just in front of the furrowed band. Between it and
the nodule and uvula behind is a deep fossa, called the sioalloivs nest {nidus
hirundinis)

Internal structure of the cerebellum.

— The cerebellum consists both

of

white

and grey matter.
If a vertical section (fig. 478) is

midway between

made through

either

hemisphere

of the cere-

centre and the superior vermiform process, the
interior will be found to consist of a central stem of white matter, which contains

bellum,

its

in its interior a grey mass, the corpus dentatum.

From the surface

of this central

stem a series of plates of medullary matter are detached, which, covered with
grey matter, form the laminae. In consequence of the main branches from the
Fig. 478.

—Vertical section of the cerebellum.

and subdividing, the section presents a characteristic appearance which is named the arbor vita.
If a vertical section is made in the
median plane of the cerebellum it will be found that the central stem divides into
two main branches, named respectively, from their direction, the vertical and
the horizontal branch. The vertical branch passes upwards to the superior vermiform process, most of its secondary branches breaking up in the column, but some
passing forwards and upwards to the central lobe and the lingula.
The Jiorizontal branch passes backwards to the folium cacuminis considerably diminished in
size, in consequence of having given off two large secondary branches
one, from
its upper surface, which ascends to the clivus
the other, which descends, and
breaking up into branches, enters the lobes in the inferior vermiform process,
the tuber valvulse, the pyramid, the uvula and the nodule.
From the anterior part of each hemisphere arise three large processes or
peduncles superior, middle, and inferior by which the cerebellum is connected
with the rest of the encephalon.
The white matter includes two varieties of nerve matter (i) the peduncular
fibres, which are directly continuous with the fibres of the peduncles of the cerebellum (2) the fibres (fibres proprice) proper to the cerebellum itself.
The peduncles of the cerebellum superior, middle, and inferior serve to
connect it with the rest of the encephalon.
The superior peduncles {processus e cerebello ad testes) arise from the middle
central stem dividing

;

;

—

—

:

;

—

—
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white matter of the cerebral hemispheres they run beneath the testes of
the corpora quadrigemina and, emerging at its posterior border, pass outwards
and backwards to the cerebellum. Each peduncle forms the upper part of the
lateral boundary of the fourth ventricle, and is connected with its fellow of the
of the

;

opposite side by the valve of Vieussens. Beneath the corpora quadrigemina the
innermost fibres of each peduncle decussate with each other, so that some fibres
from the one half of the cerebrum are continued into the other half of the cerebellum. Upon entering the cerebellum the fibres of this peduncle pass to a
great extent into the interior of the corpus dentatum, though some wind round
it and reach the grey cortical matter, especially on its inferior surface.
The valve of Vieussens, or superior medullary velum, is a thin, translucent
lamina of white matter, marked superficially by a few transverse streaks of grey
substance, stretched between the two processus e cerebello ad testes it forms
;

It is narrow in front, where it is conpart of the roof of the fourth ventricle.
nected with the testes and broader behind, at its connection with the superior
;

vermiform process of the cerebellum. A slight elevated ridge, the franulum,
descends upon the upper part of the valve from the corpora quadrigemina, and
on either side of it may be seen the fourth nerve, which is connected with its
fellow of the opposite side by a transverse band of fibres forming a partial
Its lower half is streaked by three or four grey bands, with interdecussation.
vening furrows. These bands are prolonged from the anterior border of the cerebellum they are called the lingula.
The middle peduncles [processus ad pontem) the largest of the three, connect
together the two hemispheres of the cerebellum, forming their great transverse
commissure. They consist of a large mass of curved fibres, which arise in the
grey matter of the foliated cortex of the hemispheres of the cerebellum, and
pass across the pons Varolii, forming its transverse fibres.
The inferior pedimcles {processus ad medullam) connect the cerebellum with
As the restiform bodies, they pass upwards and outthe medvilla oblongata.
entering the
wards, forming part of the lateral wall of the fourth ventricle
cerebellum, they end in the grey cortex of the upper surface of this organ.
The, fibrce propria of the cerebellum are of two kinds: (i) commissural fibres,
which cross the middle line to connect the opposite halves of the hemispheres,
some at the anterior part, and others at the posterior part of the vermiform process
(2) arcuate or association fibres, which connect one lamina with another,
arching across the fissures between the laminae.
The grey matter of the cerebellum is found in two situations (i) on the
surface, forming the cortex
(2) as independent masses in the interior.
;

;

;

:

;

I.

The grey matter

due to the

of the cortex presents a characteristic foliated appearance,
which are given off from the central white matter

series of laminae

;

these laminas give off secondary laminae which are covered with grey matter.
This arrangement gives to the cut surface of the organ a foliated appearance, to

which the name arbor vitce has been applied (fig. 478). Externally the cortex is
covered by pia mater, and internally is the medullary centre, consisting mainly
of nerve-fibres.

Microscopical appearance of the cortex.
structure, consisting

of

two

distinct

—The

cortex presents a remarkable

an external grey or cellular
Between the two layers, or
the grey or ceUular layer, is an incom-

layers, viz.

layer and an internal rust-coloured granular layer.

rather situated in the deepest part of
plete stratum of

the characteristic cells of the cerebellum, the

corpuscles of

Purkinje.

The

external grey or celhclar layer

479) consists of a transparent tissueThe fibres are delicate fibrillas
running at right angles to the surface, and many of them connected with the
processes of the large nerve-cells immediately below others are delicate supporting connective tissue-like fibres, which spread out into a broad base against
like

neuroglia,

containing

fibres

and

(fig.

cells.

;

the inner surface of the pia mater.
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granular bodies, some very small, and probably belonging to the
nem-oglia others, according to Lockhart Clarke, connected with the processes of
the corpuscles of Purkinje which lie immediately beneath.
The corpuscles of Purkinje (fig. 479) are flask-shaped cells, in the deepest part
of the external grey or cellular layer, resting against the internal rust-coloured
cells are
;

From their under service a shght slender process arises, which passes
through the internal layer, and becomes continuous with the axial cyhnder of a
medullated nerve-fibre in the medullary substance beneath. From the other
layer.

Fig.

479.—Vertical

section through the grey matter of the human cerebellum.
Magnified about 100 diameters. (Klein and Noble Smith.)

External grey or
cellular layer

Corpuscles of Purkinje

Internal or rustcoloured layer

White substance

extremity two peripheral processes are given off, which branch in an antler-like
manner in the external layer, some of the finer processes becoming connected
with the cells in this layer.
The internal or rust-coloured layer (fig. 479)' is characterised by containing

multitudes of granular-looking bodies embedded in a gelatinous matrix. They
minute stellate cells, consisting of a well-defined nucleus with a thin protoplasmic envelope. Between the cells is a fine nerve-network, with which the
processes of the cells are supposed to be continuous.
2. The independent centres of grey matter in the cerebellum are four in
number one, situated in each hemisphere, is of large size, and is known as the
are

:

corpus dentatum

;

the other three,

much

smaller, are situated near the middle of
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the cerebellum, and are

and nucleus

known

as the nucleus emboliformis, nucleus globosus,

fastigii.

The corpus dentatum or ganglion of the cerebellum is situated a little to the
inner side of the centre of the stem of white matter. It consists of an open bag
or capsule of grey matter, the section of which presents a grey dentated outline,
open at its anterior part. It is surrounded by white fibres white fibres are also
;

contained in its interior which issue from it to join the superior peduncles.
The nucleus emiholiformis is a' mass of grey matter placed on the inner side of
The
the corpus dentatum, and partly covering the opening at its anterior part.
nucleus glohosus is an elongated clump of grey matter
placed to the inner side of the preceding. The nucleus
Fig. 480. A corpuscle of
fastigii is somewhat larger than the other two, and is
Purkinje, with its dichotomously branched isrosituated close to the middle line at the anterior end of
cesses.
the superior vermiform process, and immediately over
the roof of the fourth ventricle, from which it is
separated by a thin layer of white matter. It was
formerly known as the roof nucleus of StiUing.

—

Fourth Ventricle

(figs.

455, 473)

The Fourth Ventricle, or ventricle of the cerebellum,
the space between the posterior surface of the medulla
oblongata and pons in front and the cerebellum behind.
that is to say, it is
It is lozenge- or diamond-shaped
composed of two triangles, with their bases opposed
to each other.
The lower triangle is formed by the
divergence of the funiculi graciles and cuneati of the

is

;

medulla oblongata on either side. These columns, as
they pass upwards in the medulla, about the middle
of its length, bend outwards, and, diverging from each other, form a triangular space, which is the lower half of the fourth ventricle. In like manner
the upper triangle is formed by the divergence of the superior peduncles (processus e cerebello ad testes) of the cerebellum.
These crura as they emerge
from the corpora quadrigemina are in contact by their lateral margins, but they
gradually diverge, passing downwards, backwards, and outwards, to reach the
cerebellum, thus enclosing a triangular space, which forms the upper half of the
fourth ventricle.
This cavity is therefore bounded laterally by the processus e
cerebello ad testes in its upper half, and by the funiculi graciles, the funiculi
cuneati, and the restiform bodies in its lower half. It presents four angles. The
upper angle reaches as high as the upper border of the pens it presents the
lower opening of the aqueduct of Sylvius, by w^hich this ventricle communicates
with the third ventricle. The lower angle is on a level with the lower border of
the olivary body. From the resemblance that it bears to the nib of a waiting
pen it has been named the calamus scriptprms. In the point of the angle is a
somewhat cleft-like space, the ventricle of Arantius, which opens by a minute
hole into the central canal of the spinal cord. At its lateral angles the fourth
ventricle is extended for a short distance between the side of the medulla and
the cerebellum, where these two structures come in contact, forming a pointed
;

lateral recess.

The roof is formed from above dowaiwards by the following stru.ctures a
part of the superior peduncles of the cerebellum, the superior medullary velum,
the inferior medullary vela, the tela choroidea inferior, the obex, and the
:

ligula.

The superior pjedamcles of the cerebellum, when they emerge from the
medullary substance of its hemispheres, pass upwards and forwards, forming
the lateral boundaries of the upper half of the fourth ventricle, but as they
approach the corpora quadrigemina the mesial portion of the peduncle forms a

—
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part of the roof of the cavity, in consequence of the ventricle extending to a
slight extent underneath the peduncle.
The superior mechillary velum {Valve of Vieussens). In the angular interval

—

betv^een the two superior peduncles is a thin lamina of white matter, which
bridges across from one peduncle to the other, and so completes the roof of the
superior part of the ventricle. This is the superior medullary velum (see p. 772).
It is marked on its upper surface by three or four transverse grey bands,

left

separated by

sulci.

These bands are continued
and are termed the

the cerebellar hemispheres,

laterally into the grey

The

licjula.

matter

of

inferior medullary

white substance, attached on either side externally to the
to the nodule, which assist in forming a part of the roof
They are attached to the cerebellum by thin
of the fourth ventricle (see p. 771).
convex edges, and by thin concave margins are apparently free, but are connected with the epithelium of the ventricle.
The tela choroidea inferior is a layer of pia mater which covers in the lower
It extends from
part of the fourth ventricle below the inferior medullary vela.
the choroid plexuses of the fourth ventricle in front to the lower and posterior
vela are thin layers of

flocculus,

and internally

Fig. 481.

—Floor of the fourth ventricle.

Diagrammatic.

Corpora quadrigemina

Trocessus

e

cereheUo ad testes

Valve of Vieussens

Locus

ccerideui

^^

Eniitientia teres

Fovea superior

"Conductor sonorus

'"' Strice
Trigonum

acusticce

hypoglossi
f^-igojini-ii

acustici

Fovea inferior

Ala cinerea

Clava

Tu bercu lum cuneatum

"Lateral column

Pt^
where it becomes continuous with the pia mater, covering
the posterior surface of the lower part of the medulla. It does not form a
complete membrane, for there are contained in it three openings, one in the
part of the cavity,

middle line at the inferior angle of the ventricle, just above the position of the
opening of the central canal of the cord this is the foramen of Majendie the
;

;

other two are at the extremities of the lateral recesses of the ventricle, and are
named the foramina of Key and Betzius (see p. 726).
The obex is a thin,
triangular lamina of white matter which fills in the angle between the two
diverging funiculi graciles for a short distance, and covers over the ventricle of

The ligula {tcenia) are narrow bands of white matter which project from
the internal border of the funiculi graciles. They at first run upwards and forwards,
Arantius.

and then turn outwards over the restiform bodies.
tinuous with the epithelial roof of the ventricle.

The

floor

of the fourth ventricle

(fig.

481)

is

Their inner borders are con-

rhomboidal in shape, and

is
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longer diameter by a median fissure, the sulcus longitudinal is
widest part, at the level of the lateral recesses, it is marked by
These
some transverse white lines, the strice, medullaris or stria acusticce.
consist of white fibres, which arise on the under surface of the medulla, emerge
from the longitudinal sulcus, and pass to the flocculus of the cerebellum. They
were formerly described as passing into the root of the auditory nerve, hence
traversed in
medianiLS.

its

At

its

name.
These strise divide the

their

The

floor of the ventricle into

two

triangles, inferior

and

lower half of the floor, presents above a
As
triangular depression, the fovea inferior, the apex of which is at the striae.
this depression widens out it cuts off two triangular areas, one to the inner side
and one to the outer. The one to the inner side is bounded internally by the
median sulcus, and outside by the groove which forms the inner boundary of the
fovea inferior its base is directed upwards and limited by the striae medullaris.
It is termed the trigonum hypoglossi, because it corresponds in position to the
The
tract of nerve-cells from which the hypoglossal nerve takes origin.
triangular area to the outer side of the fovea inferior is named the trigonum
It lies between the groove forming the outer boundary of the fovea
acustici.
inferior and the lateral wall of the ventricle, and, like the trigonum hypoglossi,
has its base directed upwards. Here it is continuous with a prominence, the
ticberculum acusticum, which extends into the anterior part of the floor of the
As the
ventricle, and from which the greater part of the auditory nerve arises.
fovea inferior widens out it marks off a triangular depression, with its base
This is of a darker colour than the rest of the floor of the
directed downwards.
ventricle, and is therefore named the ala cinerea, and from the fact that it
contains the nuclei of the vagus and glosso-pharyngeal nerves it is sometimes
called the trigonum vagi.
The superior half of the floor of the fourth ventricle, i.e. the part above the
striae medullaris, presents in the middle line the continuation of the median
longitudinal sulcus.
On either side of this is a spindle-shaped longitudinal
eminence, prominent in its centre, but less so above and below. This is the
eminentia teres, and is produced by an underlying bundle of white fibres, the
funiculus teres, formed, at all events in part, by the fibres of the facial nerve.
Outside the eminentia teres is an angular depression, the fovea superior, which
is sometimes crossed by a w^hitish band of fibres, the conductor sonorus, which
below is connected with the striae medullaris.
Above the fovea is a bluish
depressed area, the locus cceruleus. Its colour is due to some pigmented nervecells, showing through the white covering of the floor.
These pigmented cells
superior.

inferior triangle, or

;

are

named the substantia ferruginea.
The lining membrane of the fourth

ventricle is continuous with that of the
through the aqueduct of Sylvius, and its cavity communicates below with
the subarachnoidean space of the brain and cord through an aperture in the layer
of pia mater extending between the cerebellum and medulla oblongata. Laterally,
this membrane is reflected outwards a short distance between the cerebellum and

third,

medulla.

The

choroid plexuses of the fourth ventricle are two in

number

:

they are

which project into the ventricle on each side, though
excluded from the ventricular cavity by a layer of epithelium. They pass from
the inferior vermiform process, where they lie close together on each side of the
middle line, in a direction outwards to the apertures in the pia mater of the
delicate vascular fringes,

lateral recesses of the ventricle.

CEANIAL NEEVES
The

cranial nerves arise from

some part of the cerebro-spinal centre, and
are transmitted through foramina in the base of the cranium.
They have been
named numerically, according to the order in which they pass through the dura

—

.

;
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mater lining the base of the skull. Other names are also given to them derived
from the parts to which they are distributed, or from their functions. Taken in
their order, from before backwards, they are as follows
:

ist.

Olfactory.

7th. Facial (Portio dura).

2nd. Optic.
3rd.

8th.

Motor

4th. Trochlear (Pathetic).
5th. Trifacial (Trigeminu.s)

6th.

Auditory (Portio mollis).

9th. Glosso-pharyngeal.

oculi.

Abducent.

loth. Pneumogastric (Par vagum).
nth. Spinal accessory.
12th. Hypoglossal.

some part of the surface of the brain.
apparent origin. But their fibres may, in all
cases, be traced deeply into the substance of the brain to some special centre of
grey matter, termed a nucleus. This is called their deep or real origin. The
nerves, after emerging from the brain at their apparent origin, pass through
foramina or tubular prolongations in the dura mater, leave the skull through
foramina in its base, and pass to their final distribution.
All the cranial nerves are connected to

This

termed their

is

sujperficial or

First Nerve

The

(fig.

466, page 747)

First Cranial or Olfactory Nerves, the special nerves of

the sense of

twenty in number. They are given off from the under surface of
the olfactory bulb, an oval mass of a greyish colour, which rests on the cribriform
plate of the ethmoid bone, and forms the anterior expanded extremity of a slender
process of brain-substance, named the olfactory tract (see page 738).
The
olfactory tract is the remains of a hollow projection of the fore-brain of the foetus,
in which the cavity becomes obliterated in man, though persistent in many
mammals and other vertebrates. It is an elongated body, triangular in section,
and capped at its extremity by a layer of grey matter, forming the olfactory bulb.
It contains in its centre a core of neuroglia, which is the remains of the obliterated
cavity
above this the tract consists of grey matter, which is continuous with
the cerebral cortex below, it consists of white matter, which divides posteriorly
into two roots.
Of these, the external, which is the larger, passes outwards
round the anterior perforated space, across the fissure of Sylvius, to the temporosphenoidal lobe. The other, or internal root, passes inwards and joins the lower
end of the corpus callosum. Between these two diverging roots a triangular
interval is left, in which is seen an elevation, which is sometimes described as
the middle or grey root of the tract.
It passes backwards into the anterior
commissure.
As the olfactory tract passes forwards, it is contained in a deep sulcus, the
olfactory sulcus, between two convolutions, lying on the under surface of the
frontal lobe, on either side of the longitudinal fissure, and is retained in position
by the arachnoid membrane which covers it. On reaching the cribriform plate
of the ethmoid bone, it forms the olfactory bulb.
From the under part of this
bulb are given off the olfactory nerves, which pass through the cribriform
foramina, and are distributed to the mucous membrane of the nose.
Each nerve
is surrounded by a tubular prolongation from the dura mater and pia mater
the former being lost on the periosteum lining the nose the latter, in the neurilemma of the nerve. The nerves, as they enter the nares, are divisible into two
groups an inner group, larger than those on the outer wall, spread out over the
upper third of the septum
and an outer set, which are distributed over the
superior turbinated bone, and the surface of the ethmoid in front of it. As the
filaments descend, they unite in a plexiform network, and are believed by most
smell, are about

;

;

;

:

;

observers to terminate in the

The

olfactory differs in

cells of Schultze.
structure from other nerves, in being

exclusively of non-medullated fibres.

They

composed

are deficient in the white substance

;

'
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of

Schwann,- and consist of axis-cylinders, with a distinct nucleated sheath, in
are, however, fewer nuclei than in ordinary non-medullated fibres.

which there

—

Surgical Anatoiny. In severe injuries to the head, the olfactorj^ bulb may become
separated from the olfactory nerves, thus producing loss of the sense of smelling {anosmia),
and with tliis a considerable loss in the sense of taste, as much of the perfection of
the sense of taste is due to the sapid substances being also odorous, and simultaneously
exciting the sense of smell.

Second Nerve

The Second

(fig.

482)

or Optic Nerve, the special nerve of the sense of sight, is distributed
The nerves of ox^posite sides are connected together

exclusively to the eyeball.
Fig. 482.-

-The

left optic

nerve and

optic tracts.

at the commissure, and from the back of
the commissure they may be traced to the
brain, under the name of the optic tracts.
The optic tract, at its connection with

One
divided into two bands.
from a greyish white layer
{stratum opticum) in the interior of the
anterior or upper lobes of the corpora
quadrigemina, and emerges from the nates
the brain,

is

of these arises

of this body as the anterior brachium, and
passes obliquely outwards between the
the
inner and outer geniculate bodies
second arises from the pulvinar of the optic
thalamus, and passes through the inner
;

geniculate body, from which

and

joins with the other

optic tract.

From this

it

derives fibres,
to form the

band

origin the tract

winds

obliquely across the under surface of the
crus cerebri, in the form of a flattened

band, destitute of neurilemma, and is attached to the crus by its anterior margin. It then assumes a cylindrical form,
and, as it passes forwards, is connected with the tuber cinereum and lamina
cinerea, with both of which it is connected.
It finally joins with the tract of the
opposite side to form the optic commissure.
The commissure or chiasma, somewhat quadrilateral in form, rest upon the
optic groove of the sphenoid bone, being bounded, above, by the lamina cinerea
behind, by the tuber cinereum on either side, by the anterior perforated space.
Within the commissure, the optic nerves of the two
;

Fig. 483.

— Course of the

fibres in the optic

missure.
Inter-retinal

com-

sides undergo a partial decussation.
The fibres which
form the inner margin of each tract and posterior part
of the commissure have no connection with the optic
nerves.
They simply pass across from one side of the
brain to the other, and connect the internal geniculated

bodies of the two sides. They are known as the covimissure of Guclden. Some fibres are continued across
the anterior border of the chiasma, and connect the
Commi%bui e of Gudam
optic nerves of the two sides, having no relation with
the optic tracts.* They may be regarded as commissural fibres between the two retinae {inter -retinal fibres).
The remainder
and principal part of the commissure consists of two sets of fibres, crossed and
uncrossed. The crossed, which are the more numerous, occupy the mesial part
of the chiasma, and pass from the optic tract of one side to the optic nerve of
the other, decussating in the commissure with similar fibres of the opposite tract.
* The iDresence of these fibres
has been doubted by some observers, but they have
been recently asserted to exist bv StiUing.

:

.

MOTOE OCULI

THIED NEEVE.

779

fibres occupy the outer part of the chiasma, and pass from the
one side to the nerve of the same side.*
The optic nerves arise from the fore part of the commissure, and, diverging
from one another, become rounded in form and firm in texture, and are enclosed
As each nerve passes through the
in a sheath derived from the arachnoid.
corresponding optic foramen, it receives a sheath from the dura mater and as
it enters the orbit this slieath divides into tv^o layers, one of which becomes
continuous with the periosteum of the orbit the other forms the proper sheath
The nerve passes throu.gh
of the nerve, and surrounds it as far as the sclerotic.
the cavity of the orbit, pierces the sclerotic and choroid coats at the back part of
the eyeball, a little to the nasal side of its centre, and expands into the retina.
Arnold describes a communication between the optic nerve in the orbit and the
ascending branches of Meckel's ganglion. A small artery, the arteria centralis
retincB, perforates the optic nerve a little behind the globe, and runs along its

The uncrossed

tract of

;

;

interior in a tubular canal of fibrous tissue.
retina,

and

is

It supplies

the inner surface of the

accompanied by corresponding veins.

—

Surgical Anatomy. The optic nerve is peculiarly liable to become the seat of neuritis
or luidergo atrophy in affections of the central nervous system, and as a rule the pathoThere
logical relationship between the two affections is exceedingly difficult to trace.
are, however, certain points in connection with the anatomy of this nerve which tend to
thrown light upon the frequent association of these affections with intracranial disease
(i) From its mode of development (see page 97), and froin its structure, the optic nerve
must be regarded as a prolongation of the brain-substance, rather than as an ordinary
cerebro-spinal nerve.
(2) As it passes fL'om the brain, it receives sheaths from the three
cerebral membranes, a perineural sheath from the pia mater ; an intei'mediate sheath from
the arachnoid, and an outer sheath from the dui-a mater, which is also connected with the
periosteum, as it passes through the optic foramen. These sheaths are separated fi'om
each other by spaces, which connnimicate with the subdural and subarachnoid spaces
respectively.
The mnermost or perineiiral sheath sends a process around the arteria
centralis retinae into the interior of the nerve, and enters intimately into the structure of
the nerve. Thus inflammatory affection of the meninges or of the brain may readily
extend themselves along these spaces, or along the interstitial connective tissue in the
nerve.

The course

of the fibres in the optic commissure has an important pathological
and has been the subject of much controversy. Microscopic examination,
experiments, and pathology all seem to point to the fact ths.t there is a partial decussation

bearing,

of the fibres, each tract suppljdng the corresponding half of each eye, so that the right
At
tract supplies the right half of each eye, and the left tract the left half of each eye.
the same time Charcot beheves, and his view has met with general acceptation, that the
fibres which do not decussate at the optic commissure have already decussated in the

corpora quadrigemina, so that lesion of the cerebral centre of one side causes complete
blindness of the opposite eye, because both sets of decussating fibres are destroyed.
Whereas should one tract, say the right, be destroyed by disease, there wiU be blindness
of the right half of both retinae.
An antero-posterior section through the commissure would divide the decussating
while a section
fibres, and would therefore produce blindness of the inner half of each eye
at the margin of the side of the optic commissure would produce blindness of the external
half of the retina of the same side.
The optic nerve may also be affected in injuries or diseases involving the orbit in
fractures of the anterior fossa of the base of the skull in tumours of the orbit itself, or
those invading this cavity from neighbouring parts.
.

;

;

;

Third Neeve

The Third

(figs.

484, 485, 486)

Nerve supplies all the muscles of the orbit, except
and External rectus it also supplies, through its connection
with the ciliary ganglion, the sphincter muscle of the iris and the ciliary muscle.
It is a rather large nerve, of rounded form and firm texture.
Its apparent origin is from the inner surface of the crus cerebri, immediately
in front of the pons Varolii.
The deep origin may be traced through the locus
or Motor Oculi

the Superior oblique

*

A

;

specimen of congenital absence of the optic commissure is to be found in the
See also Henle, Nervenlehre, p. 393, ed. 2.
of the Westminster Hospital.

Museum
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tegmentum of the crus to a nucleus situated on either side of the
median Hne beneath the floor of the aqueduct of Sylvius.
On emerging from the brain, the nerve is invested with a sheath of pia mater,
and enclosed in a prolongaSeen from above.
FiG. 484.— Nerves of the orbit.
It
tion from the arachnoid.
passes between the superior
cerebellar and posterior cerebral arteries, and then pierces
the dura mater in front of
and external to the posterior
niger and

clinoid process, passing be-

Jnfratrochlear
nerve

tween the two processes from
the free and attached borders
of the tentorium, which are
prolonged forwards to be connected with the anterior and
posterior clinoid processes of

the sphenoid bone. It passes
along the outer wall of the
cavernous sinus, above the
other orbital nerves, receiving in its course one or two
filaments from the cavernous
plexus of the sympathetic,

and a communicating branch
from the first division of the
fifth.
It then divides into
two branches, which enter
the orbit through the sphenoidal fissure, between the
two heads of the External

Motor

Recurrent filament

Sensory

rymal branches

of

to

dura mater

the ophthalmic nerve,

On passing
rectus muscle.
through the fissure, the nerve
is placed below the fourth

and the frontal and lachand has passing between its two

divisions the nasal nerve.

Fig.

485.— Plan

of the

motor

oculi nerve.

(After Flower.)

LEVATOR PAUPEBR/&

MOTOR

O CULI

;
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superior division, the smaller, passes inwards over the optic nerve, and
and Levator palpebrse. The inferior division, the

supplies the Superior rectus

larger, divides into three branches.

Internal rectus

One passes beneath

another, to the Inferior rectus

;

;

and the

the optic nerve to the

third, the longest of the

between the Inferior and External recti to the Inferior
branch is given off to the lower part of
the lenticular ganglion, which forms its inferior root.
It also gives off one or
two filaments to the Inferior rectus. All these branches enter the muscles on
three, passes forwards

oblique.

From

this latter a short, thick

their ocular surface.

—

Surgical Anatomy. Paralysis of the third nerve may be the result of many causes
conditions causing pressure on the cavernous sinus periostitis of the
as cerebral disease
bones entering into the formation of the sphenoidal fissure. It results, when complete, in
(l) ptosis, or drooping of the upper eyelid, in consequence of the Levator palpebrae being
paralysed ; (2) external strabismus, on account of the unopposed action of the External
rectus muscle, which is not supplied by the third nerve, and is not therefore paralysed
(3) dilatation of the pupil, because the sphincter fibres of the iris are paralysed ; (4) loss
of power of accommodation, as the sphincter pupillse, the ciliary muscle, and the Internal
rectus are paralysed ; (5) slight prominence of the eyeball, from the compressing action
of the Superior oblique, which is not paralysed.
Occasionally paralysis may affect only a
part of the nerve, that is to say, there may be, for example, a dilated and fixed pupil, with
ptosis, but no other signs.
Irritation of the nerve causes spasm of one or other of the
muscles supplied by it thus, there may be internal strabismus from spasm of the Internal
rectus
accommodation for near objects only from spasm of the ciliary muscle or myosis,
contraction of the pupil, from irritation of the sphincter of the pupil.
:

;

;

;

;

;

Fourth Nerve
The Fourth

or Trochlear

Nerve

(fig.

{'pathetic),

484)

the smallest of the cranial nerves,

supplies the Superior oblique muscle.

on the outer side of the crus
pons Varolii, but the fibres can be traced backwards
behind the corpora quadrigemina to the valve of Vieussens, on the upper surface of
which the two nerves decussate.
Its deep origin may be traced to a nucleus in
the floor of the aqueduct of Sylvius immediately below that of the third nerve,
with which it is continuous.
The nerve winds round the outer side of the crus cerebri, immediately above the
pons Varolii, pierces the dura mater in the free border of the tentorium cerebelli,
just behind, and external to, the posterior clinoid process, and passes forwards in
the outer wall of the cavernous sinus, between the third nerve and the ophthalmic
division of the fifth.
It crosses the third nerve and enters the orbit, through the
Its apparent origin, at the base of the brain, is

cerebri, just in front of the

sphenoidal fissure. It now becomes the highest of all the nerves, lying at the
inner extremity of the fissure internal to the frontal nerve. In the orbit it passes
inw^ards, above the origin of the Levator palpebrae, and finally enters the orbital
surface of the Superior oblique muscle.

In the outer wall of the cavernous sinus this nerve is not unfrequently blended
with the ophthalmic division of the fifth. Branches of communication. In the
outer wall of the cavernous sinus it receives some filaments from the cavernous
plexus of the sympathetic. In the sphenoidal fissure it occasionally gives off a
branch to assist in the formation of the lachrymal nerve.
Branches of distribution.
It gives off a recurrent branch, which passes backwards between the layers
of the tentorium, dividing into two or three filaments which may be traced as
far back as the wall of the lateral sinus.

—

—

—

Surgical Anatomy. The fourth nerve when paralysed causes loss of function in the
Superior oblique, so that the patient is unable to turn his eye downwai^ds and outwards.
Should the patient attempt to do this, the eye on the affected side is twisted inwards,
producing diplopia or double vision. Accordingly, it is said that the first symptom of
loss of function in this muscle is giddiness when going down hill or in descending stairs,
owing to the doubre vision induced by the patient looking at his steps whilst descending.
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Fifth Neeve

Nerve

{trigeminus) is the largest cranial nerve.
It
roots
in
two
having
arising
ganglion
(i)
in
by
a
nerve
(2)
spinal
a
resembles
developed on its posterior root and (3) in its function, since it is a compound
nerve. It is the great sensory nerve of the head and face, and the motor nerve
Its upper two divisions are entirely sensory,
of the muscles of mastication.
the third division is partly sensory and partly motor.

The

Fifth or Trifacial
:

;

;

by two roots of these the anterior is the smaller, and is the motor
Its superficial origin is from the
the larger and sensory.
posterior,
the
root
The
side of the x^ons Varolii, nearer to the upper than the lower border.
smaller root consists of three or four bundles the larger root consists of numerous
It arises

:

;

;

The two roots
bundles. of fibres, varying in number from seventy to a hundred.
are separated from one another by a few of the transverse fibres of the pons.
The deep origin of the larger or sensory root is chiefly from a long tract in the
medulla, the so-called ascending root the fibres from which pass upwards through
the pons and join with those derived from a nucleus in the floor of the fourth
;

and to the outer side of the nucleus from which the small
motor root is derived. The deep origin of the smaUer or motor root is derived
partly from a nucleus embedded in the grey matter of the floor of the fourth
ventricle and partly from a collection of nerve-cells situated at the side of the
aqueduct of Sylvius, which pass downwards to join the nerve, and are known as
ventricle, placed deeper

or

the descending root.

The two roots of the nerve pass forwards through an oval opening in the dura
mater, on the superior border of the petrous portion of the temporal bone, above
the internal auditory meatus they then run between the bone and the dura
mater to the apex of the petrous portion of the temporal bone, where the fibres
of the sensory root form a large semilunar ganglion {Gasserian), while the motor
:

root passes beneath the ganglion without having

any connection with

outside the cranium with one of the trunks derived from

The Gasserian

it,

and

joins

it.

is lodged in a depression near the apex
temporal bone. It is of somewhat crescentic form,
with its convexity turned forwards. Its upper surface is intimately adherent to
the dura mater.
Besides the small or motor root, the large superficial petrosal
nerve lies underneath the ganglion.
Branches of communication.—r'^h.i^ ganglion receives, on its inner side, filaments from the carotid plexus of the sympathetic. Branches of distribution. It
gives off minute branches to the tentorium cerebelli and the dura mater, in the
middle fossa of the cranium. From its anterior border, which is directed forwards
and outwards, three large branches proceed the ophthalmic, superior maxillary,
and inferior maxillary.
The ophthalmic and superior maxillary consist exclusively of fibres derived from the larger root and ganglion, and are solely nerves of

or semilunar ganglion*

of the petrous portion of the

—

:

common sensation. The third division, or inferior maxillary, is joined outside
the cranium by the motor root.
This, therefore, strictly speaking, is the only
portion of the fifth nerve which can be said to resemble a spinal nerve.
Ophthalmic Neeve
The Ophthalmic,

(figs.

484, 486, 487)

or first division of the

fifth, is a sensory nerve.
It supplies
the eyeball, the lachrymal gland, the mucous lining of the eye and nasal fossae,
and the integument of the eyebrow, forehead, and nose. It is the smallest of the
three divisions of the fifth, rising from the upper part of the Gasserian ganghon.
* A Viennese anatomist, Kaimund Baltliasar ffirsch
(1765), was the first who
recognised the ganglionic nature of the swelling on the sensory root of the fifth nerve,
and called it, in^ honour of his otherwise unknown teacher, Jon. Laur. Gasser, the
Ganglion Gasseri.' Juhus Casserius, whose name is given to the musculo-cutaneous
nerve of the arm, was Professor at Padua, 1 545-1605.
See Hyrtl, Lehrbuch der
Anatomie, p. 895 and p. 55.
'

FIFTH NEEVE.

OPHTHALMIC DIVISION

band, about an inch in length, which passes forwards
along the outer wall of the cavernous sinus, below the other nerves, and just
before entering the orbit, through the sphenoidal fissure, divides into three
branches, lachrymal, frontal and nasal.
Branches of communication.— The ophthalmic nerve is joined by filaments
from the cavernous plexus of the sympathetic, communicates with the third and
It is a short, flattened

and is not unfrequently joined with the fourth.
Branches of distribution.— It gives off recurrent filaments which pass between
the layers of the tentorium along with a branch from the fourth nerve, and then
sixth nerves,

divides into

Lachrymal.

Frontal.

Nasal.

the smallest of the three branches of the ophthalmic. Not
unfrequently it arises by two filaments, one from the ophthalmic, the other from
the fourth. It passes forwards in a separate tube of dura mater, and enters the
In the orbit it runs
orbit through the narrowest part of the sphenoidal fissure.

The Lachrymal

Fig.

is

486.— Nerves

of the orbit

and ophthalmic ganglion.

Side view.

Internal carotid artery
and carotid plexus

Sensory,
root
Motor root

along the upper border of the External rectus muscle, with the lachrymal artery,
and sends off a recurrent branch which joins the orbital branch of the superior
maxillary nerve, and occasionally takes the place of the temporal branch of this
Within the lachrymal gland it gives off several
nerve, which is then absent.
Finally, it pierces the
filaments, which supply the gland and the conjunctiva.
tarsal ligaments, and terminates in the integument of the upper eyelid, joining
with filaments of the facial nerve.
The Frontal is the largest division of the ophthalmic, and may be regarded,
both from its size and direction, as the continu.ation of the nerve. It enters the
orbit above the muscles, through the highest and broadest part of the sphenoidal
fissure, and runs forwards along the middle line, between the Levator palpebrse
and the periosteum. Midway between the apex and base of the orbit it divides
into two branches, supratrochlear and supra-orbital.
The supratrochlear branch, the smaller of the two, passes inwards, above
the pulley of the Superior oblique muscle, and gives off a descending filament,
which joins with the infratrochlear branch of the nasal nerve. It then escapes
from the orbit between the pulley of the Superior oblique and the supra-orbital
foramen, curves u.p on to the forehead close to the bone, and descends beneath
the Corrugator supercilii and Occipito-frontalis muscles, and dividing into branches,
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which pierce these muscles, it supphes the integument
forehead on either side of the middle line.

of the

lower part of the

The supra-01'bital branch passes forwards through the supra-orbital foramen,
and gives off, in this situation, palpebral filaments to the upper eyelid. It then
ascends upon the forehead, and terminates in cutaneous and pericranial branches.
The cuta7ieous branches, two in number, an inner and an outer, supply the
integument of the cranium as far back as the occiput. They are at first situated
beneath the Occipito-frontalis, the inner branch perforating the frontal portion of
the muscle, the outer branch its tendinous aponeurosis. The pericranial branches
are distributed to the pericranium over the frontal and parietal bones.
The Nasal nerve is intermediate in size between the frontal and lachrymal,
and more deeply placed than the other branches of the ophthalmic. It enters the
orbit between the two heads of the External rectus, and passes obliquely inwards
across the optic nerve, beneath the Levator palpebrae and Superior rectus muscles,
to the inner wall of the orbit, where it enters the anterior ethmoidal foramen,
immediately below the Superior oblique. It then enters the cavity of the cranium,
traverses a shaUow groove on the front of the cribriform plate of the ethmoid
bone, and passes down, through the slit by the side of the crista gaUi, into the
The internal
nose, where it divides into two branches, an internal and an external.
branch supplies the mucous membrane near the fore part of the septum of the
nose. The external branch descends in a groove on the inner surface of the nasal
bone, and supplies a few filaments to the mucous membrane covering the fore
it then
part of the outer wall of the nares as far as the inferior spongy bone
leaves the cavity of the nose, between the lower border of the nasal bone and the
upper lateral cartilage of the nose, and, passing down beneath the Compressor
nasi, supplies the integument of the ala and the tip of the nose, joining with the
;

facial nerve.

The branches

of

the nasal nerve are, the ganglionic, ciliary, and infra-

trochlear.

ganglionic is a slender branch, about half an inch in length, which usually
from the nasal, between the two heads of the External rectus. It passes
forwards on the outer side of the optic nerve, and enters the superior and posterior
angle of the ciliary ganglion, forming its superior or long root. It is sometimes
joined by a filament from the cavernous plexus of the sympathetic, or from the

The

arises

superior division of the third nerve.
The lo7ig ciliary nerves, two or three in number, are given off from the nasal
'

as

it

crosses the optic nerve.

They

join the short ciliai-y nerves

from the

ciliary

ganglion, pierce the posterior part of the sclerotic, and, running forwards between

and the choroid, are distributed to the ciliary muscle, iris, and cornea.
The infratrochlear branch is given off just before the nasal nerve passes
through the anterior ethmoidal foramen. It runs forwards along the upper border
of the Internal rectus, and is joined, beneath the pulley of the Superior oblique,
by a filament from the supratrochlear nerve. It then passes to the inner angle
of the eye, and supplies the integument of the eyelids and side of the nose, the
conjunctiva, lachrymal sac, and caruncula lachrymalis.
it

Ophthalmic Ganglion

(figs.

486, 487)

Connected with the three divisions of the fifth nerve are four smaU ganglia.
With the first division is connected the ophthalmic ganglion with the second
division, the spheno-palatine or Meckel's ganglion
and with the third, the otic
and submaxillary ganglia. All the four receive sensory filaments from the fifth,
and motor and sympathetic filaments from various sources these filaments are
;

;

;

called the roots of the ganglia.
The Ophthalmic, Lenticular, or Ciliary Ganglion

situated at the back part of the orbit

is

a small, quadrangular,

and about the size of a pin's head,
between the optic nerve and the External

flattened ganglion, of a reddish-grey colour,
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rectus muscle, lying generally on the outer side of the ophthalmic artery. It
enclosed in a quantity of loose fat, which makes its dissection somewhat

is

difficult.

branches of comviunication, or roots, are three, all of which enter its
One, the long or sensory root, is derived from the nasal branch
The second, the short or motor
of the ophthalmic, and joins its superior angle.
root, is a short, thick nerve, occasionally divided into two parts, which is derived
from the branch of the third nerve to the Inferior ol^lique muscle, and is connected
Its

posterior l^order.

with the inferior angle of the ganglion. The third, the sympathetic root, is a
This is
slender filament from the cavernous plexus of the sympathetic.
frequently blended with the long root, though it sometimes passes to the ganglion
According to Tiedemann, this ganglion receives a filament of comseparately.
munication from the spheno-palatine ganglion.
These are delicate
Its branches of distribution are the short ciliary nerves.
filaments, from six to ten in number, which arise from the fore part of the
ganglion in two bundles, connected with its superior and inferior angles the
lower bundle is the larger. They run forwards with the ciliary arteries in a wavy
course, one set above and the other below the optic nerve, and are joined by the
long ciliary nerves from the nasal. They pierce the sclerotic at the back part of
the globe, pass forwards in delicate grooves on its inner surface, and are
Tiedemann has described one
distributed to the ciliary muscle, iris, and cornea.
small branch as penetrating the optic nerve with the arteria centralis retiuEe.
;

SuPEBioR Maxillary Nerve

The Superior Maxillary,
is

(fig.

488)

or second division of the fifth,

intermediate, both in position

and

is

a sensory nerve.

between the ophthalmic and

size,

It

inferior

maxillary.
It commences at the middle of the Gasserian ganglion as a flattened
plexiform band, and passing horizontally forwards, it leaves the skull through
the foramen rotundum, where it becomes more cylindrical in form, and firmer in
texture.
It then crosses the spheno-maxillary fossa, enters the orbit through the
spheno-maxillary fissure, traverses the infra-orbital canal in the floor of the orbit,
and appears upon the face at the infra-orbital foramen.* At its termination, the
nerve lies beneath the Levator labii superioris muscle, and divides into a leash
of branches, which spread out upon the side of the nose, the lower eyelid, and
upper lip, joining with filaments of the facial nerve.
Branches of distribution. The branches of this nerve may be divided into four
groups: I. Those given off in the cranium. 2. Those given off in the sphenomaxillary fossa. 3. Those in the infra-orbital canal. 4. Those on the face.

—

In the cranium

.

Meningeal

.

.

Orbital or temporo-malar.
f

Spheno-maxillary fossa

Spheno-palatine.

-

[Posterior superior dental.
T

;;

u-x

1

1

Intra-orbitai canal

Middle superior dental.
,
(Anterior superior dental.
f

\

-,

,

,

^

/'Palpebral.

On the face

....

J

Nasal.

(Labial.

The meningeal branch

is

from the

The

its origin from the Gasserian
communicating with a meningeal branch

given off directly after

ganglion, and supplies the dura mater,

inferior maxillary nerve.
orbital or temporo-malar branch arises in the spheno-maxillary fossa,

enters the orbit by the spheno-maxillary fissure, and divides at the back of that
cavity into two branches, temporal and malar.
*

After

orbital.

it

enters the infra-orbital canal, the nerve

is

frequently called the

infra-
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The temporal hrancli runs in a groove along the outer wall of the orbit (in the
malar bone), receives a branch of communication from the lachrymal, and,
passing through a foramen in the malar bone, enters the temporal fossa.
It
ascends between the bone and substance of the Temporal muscle, pierces this
muscle and the temporal fascia about an inch above the zygoma, and is distributed
to the integument covering the temple and side of the forehead, communicating
with the facial and auriculo -temporal branch of the inferior maxillary nerve.
As
it pierces the temporal fascia, it gives off a slender twig, which runs between the
two layers of the fascia to the outer angle of the orbit.
The malar branch passes along the external inferior angle of the orbit,
emerges upon the face through a foramen in the malar bone, and, perforating
-Distribution of the second and third divisions of the fifth nerve
and submaxillary ganglion.

Fig. 488.

Sensory rout

Motor

root

Auricula-temporal
nerve

6 Orbicularis

eek,

and

is

palpebrarum muscle, supplies the skin on the prominence of the
subcutaneus mala. It joins with the facial and the palpebral

named

anches of the superior maxillary.
The spheno-palatine branches, two in number, descend to the spheno-palatine
nglion.

•

'

arise from the trunk of the nerve just
about to enter the infra-orbital canal they are generally two in number,
1 sometimes arise by a single trunk, and immediately divide and pass downThey give off several
firds on the tuberosity of the superior maxillary bone.
;igs to the gums and neighbouring parts of the mucous membrane of the cheek
-perior gingival branches).
They then enter the posterior dental canals on the
gomatic surface of the superior maxillary bone, and, passing from behind
3 E 2
\

The posterior superior dental branches

it is

1

;
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forwards in the substance of the bone, communicate with the middle dental
and give off branches to the lining membrane of the antrum and three
twigs to each of the molar teeth. These twigs enter the foramina at the apices
nerve,

and supply the pulp.
superior dental branch is given off from the superior maxillary
part of the infra-orbital canal, and runs downwards and
back
nerve in the
forwards in a special canal in the outer wall of the antrum to supply the two
It communicates with the posterior and anterior dental branches.
bicuspid teeth.
with the posterior branch is a shght thickening
communication
At its point of
which has received the name of the ganglion of Valentin and at its point of
communication with the anterior branch is a second enlargement, which is called
Neither of these is probably a true ganghon.
the ganglion of Bochdalek.
of the fangs,

The middle

;

The anterior superior dental branch, of large size, is given off from the superior
it enters a
maxillary nerve just before its exit from the infra-orbital foramen
coursing
from
before
backantrum,
and,
the
wall
of
anterior
the
special canal in
wards, divides into a series of branches which supply the incisor and canine teeth.
It communicates with the middle dental branch and gives off a nasal branch, which
passes through a minute canal into the nasal fossa, and supplies the mucous
membrane of the fore part of the inferior meatus and the floor of this cavity,
;

communicating with the naso-palatine nerve from Meckel's ganglion.
The palpebral branches pass upwards beneath the Orbicularis palpebrarum.
They supply the integument and conjunctiva of the lower eyelid with sensation,
joining at the outer angle of the orbit with the facial nerve and malar branch of
the orbital.
The nasal branches pass inwards they supply the integument of the side of
the nose, and join with the nasal branch of the ophthalmic.
The labial branches, the largest and most numerous, descend beneath the
;

and are distributed to the integument of the upper lip,
mouth, and labial glands.
All these branches are joined, immediately beneath the orbit, by filaments
from the facial nerve, forming an intricate plexus, the infra- orbital.
Levator

the

labii superioris,

mucous membrane

of the

Spheno-palatine Ganglion

(fig.

489)

The spheno-palatine ganglion {Meckel's), the largest of the cranial ganglia, is
deeply placed in the spheno-maxillary fossa, close to the spheno-palatine foramen.
It is triangular or heart-shaped, of a reddish-grey colour, and is situated just
below the superior maxillary nerve as it crosses the fossa.
Like the other ganglia of the fifth nerve, it
Its branches of communication.
possesses a motor, a sensory, and a sympathetic root. Its sensory root is derived
from the superior maxillary nerve through its two spheno-palatine branches.
These branches of the nerve, given off in the spheno-maxillary fossa, descend to
the ganglion. Their fibres, for the most part, pass in front of the ganglion, as
they proceed to their destination, in the palate and nasal fossa, and are not
incorporated in the ganglionic mass some few of the fibres, however, enter the
ganglion, constituting its sensory root.
Its motor root is derived from the facial
nerve through the large superficial petrosal nerve and its sympathetic root, from
the carotid plexus, through the large deep petrosal nerve. These two nerves
join together to form a single nerve, the Vidian, before their entrance into the

—

;

;

ganglion.

The la7"ge superficial petrosal branch {nervus petrosus superficialis major)
given off from the intumescentia ganglioformis in the aqueductus Fallopii it
passes through the hiatus Fallopii enters the cranial cavity, and runs forwards
contained in a groove on the anterior surface of the petrous portion of the
temporal bone, lying beneath the dura mater and the Gasserian ganglion. It
then enters the cartilaginous substance which fills in the foramen lacerum
is

;

;
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and joining with the large deep petrosal branch forms the

The large deep petrosal branch (nervus petrosus p)rofundus) is given off from
the carotid plexus, and runs through the carotid canal on the outer side of the
internal carotid artery.
It then enters the cartilaginous substance which fills in
the foramen lacerum
to

medium, and

joins with the large superficial petrosal nerve

form the Vidian.

The Vidian nerve, formed in the cartilaginous substance which fills in the
middle lacerated foramen by the junction of the two preceding nerves, passes
forwards, through the Vidian canal, with the artery of the same name, and, entering the spheno-maxiUary fossa, joins the posterior angle of Meckel's ganglion.
Its branches of distribution are divisible into four groups
ascending, which
pass to the orbit descending, to the palate internal, to the nose d^udi. posterior
branches, to the pharynx and nasal fossae.
:

;

Fig. 489.

;

— The

;

spheno-palatme ganglion and

its

branches.

Termination of
naso-palatine
nerve

The ascending branches

are two or three delicate filaments, which enter the
by the spheno-maxillary fissure, and supply the periosteum. According to
Luschka, some filaments pass through foramina in the sutiu-e between the os
planum of the ethmoid and frontal bones to supply the mucous membrane of the
posterior ethmoidal and sphenoidal sinuses.
The descending or palatine branches are distributed to the roof of the mouth,
the soft palate, tonsil, and lining membrane of the nose.
They are almost a
orbit

direct continuation of the spheno-palatine

branches of the superior maxillary

and are three in number anterior, middle, and posterior.
The anterior or large palatine nerve descends through the posterior palatine
canal, emerges upon the hard palate, at the posterior palatine foramen, and

nerve,

:

passes forwards through a groove in the hard palate, nearly as far as the incisor
teeth.
It supplies the gums, the mucous membrane and glands of the hard
palate, and communicates in front with the termination of the naso-palatine
nerve.
While in the posterior palatine canal, it gives off inferior nasal branches,
which enter the nose through openings in the palate bone, and ramify over the
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middle meatus and the middle and inferior spongy bones and, at its exit from
the canal, a palatine branch is distributed to both surfaces of the soft palate.
The middle or external loalatine nerve descends, through one of the accessory
It is
palatine canals, distributing branches to the uvula, tonsil, and soft pajate.
;

occasionally wanting.
The posterior or small palatine nerve descends with a small artery through the
small posterior palatine canal, emerging by a separate opening behind the posterior
It supplies the Levator palati and Azygos uvulae muscles,*
the soft palate, tonsil, and uvula. The middle and posterior palatine join with
the tonsillar branches of the glosso-pharyngeal to form the plexus around the

palatine foramen.

tonsil {circulus tonsillaris).

The

internal branches are distributed to the

The

septum and outer wall

of the

are the superior nasal (anterior) and the naso-palatine.
superior nasal branches (anterior), four or five in number, enter the back

nasal fossae.

They

They supply the mucous
part of the nasal fossa by the spheno-palatine foramen.
membrane covering the superior and middle spongy bones, and that lining the
and back part of
the septum.
One branch is continued on to the inner surface of the anterior wall
of the antrum, and there forms a communication with the anterior dental nerve.
At the point of communication a swelling exists, denominated the ganglion of
Bochdalek,' the nature of which seems to be, however, uncertain.
posterior ethmoidal cells, a few being prolonged to the upper

'

The naso-palatine nerve [Cotunnius) also enters the nasal fossa through the
spheno-palatine foramen, and passes inwards across the roof of the nose, below
the orifice of the sphenoidal sinus, to reach the septum it then runs obliquely
downwards and forwards along the lower part of the septum, to the anterior
palatine foramen, lying between the periosteum and mucous membrane.
It
descends to the roof of the mouth through the anterior palatine canal. The two
nerves are here contained in separate and distinct canals, situated in the intermaxillary suture, and termed the foramina of Scarpa, the left nerve being usu.ally
anterior to the right one.
In the mouth, they become united, supply the mucous
;

membrane behind the incisor teeth, and join with the anterior palatine nerve.
The naso-palatine nerve occasionally furnishes a few small filaments to the
mucous membrane of the septum.
The posterior branches are, the pharyngeal (ptery go- palatine), and the upper
posterior nasal branches.

The pharyngeal nerve [ptery go-palatine) is a small branch arising from the
back part of the ganglion, being generally blended with the Vidian nerve. It
passes through the pterygo-palatine canal with the pterygo-palatine artery, and
is distributed to the mucous membrane of the upper part of the pharynx, behind
the Eustachian tube.
The upper posterior nasal branches are a few twigs given off from the posterior
part of the ganglion, which run backwards in the sheath of the Vidian nerve to
the mucous membrane at the back part of the roof, septum, and superior meatus
of the nose and that covering the end of the Eustachian tube.
Infebiob Maxillary Nerve

(fig.

488)

The Inferior Maxillary Nerve distributes branches to the teeth and gums of
the lower jaw, the integument of the temple and external ear, the lower part of
the face and lower Up, and the muscles of mastication it also suppHes the tongue
:

with a large branch.

made up

of

two roots

It is the largest of the three divisions of the fifth,

and

is

a large or sensory root proceeding from the inferior angle
of the Gasserian ganglion
and a small or motor root, which passes beneath the
ganghon, and unites with the sensory root, just after its exit from the skull
through the foramen ovale. Immediately beneath the base of the skull, this
:

;

* It is

probable that this is not the true motor supply to these muscles, but that they
by the spinal accessory through the pharyngeal plexus.

are supphed
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nerve divides into two trunks, anterior and posterior. Previous to its division,
the primary trunk gives off from its inner side a recurrent (meningeal) brancli,
and the nerve to the Internal pterygoid muscle.
The recurrent branch is given off directly after its exit from the foramen
It passes backwards into the skull through the foramen spinosum with
ovale.
the middle meningeal artery. It divides into two branches, anterior and posterior,
which accompany the main divisions of the artery and supply the dura mater.
The posterior branch also supplies the mucous lining of the mastoid cells. The
anterior branch communicates with the meningeal branch of the superior
maxillary nerve.
The Internal Pterygoid Nerve, given
to its division, is intimately connected
which it furnishes a motor root. It is a
inwards to enter the deep surface of the

off

from the

inferior maxillary, previous

with the otic ganglion, to
long and slender branch, which passes
Internal pterygoid muscle.
The anterior and smaller division, which receives nearly the whole of the
motor root, divides into branches, which supply the muscles of mastication. They
are, the masseteric, deep temporal, buccal, and external pterygoid.
The masseteric branch passes outwards, above the External pterygoid miiscle,
in front of the temporo-maxillary articulation, and crosses the sigmoid notch with
the masseteric artery, to the Masseter muscle, in which it ramifies nearly as far as
It occasionally gives a branch to the Temporal muscle, and a
its anterior border.
filament to the articulation of the jaw.
The deep temporal branches, two in number, anterior and posterior, supply
The posterior branch, of small size, is
the deep surface of the Temporal muscle.
placed at the back of the temporal fossa. It is sometimes joined with the masseThe anterior branch is frequently given off from the buccal nerve,
teric branch.
it is reflected upwards, at the pterygoid ridge of the sphenoid, to the front of the
temporal fossa. Sometimes there are three deep temporal branches, the third
branch {middle deep temporal) passing outwards over the External pterygoid
muscle to enter the deep surface of the Temporal muscle.
The buccal branch passes forwards between the two heads of the External
pterygoid, and downwards beneath the inner surface of the coronoid process of the
lower jaw, or through the fibres of the Temporal muscle, to reach the surface of
the Buccinator, upon which it divides into a superior and an inferior branch. It
gives a branch to the External pterygoid during its passage through that muscle,
and a few ascending filaments to the Temporal muscle, one of which occasionally
The upper branch
joins with the anterior branch of the deep temporal nerve.
supplies the integument and upper part of the Buccinator muscle, joining with the
facial nerve nound the facial vein. Hheloioer branch 'pa.sses forwards to the angle
of the mouth
it supplies the integument and Buccinator muscle, as well as the
raucous membrane lining the inner surface of that muscle, and joins the facial
at its origin

;

nerve.*

The External Pterygoid Nerve

is most frequently derived from the buccal, but
given off separately from the anterior trunk of the nerve. It enters the
muscle on its inner surface.
The posterior and larger division of the inferior maxillary nerve is for the most
It divides into
part sensory, but receives a few filaments from the motor root.
three branches
auriculo-temporal, lingual (gustatory), and inferior dental.
The Auriculo-temporal Nerve generally arises by two roots, between which the
middle meningeal artery passes. It runs backwards beneath the External pteryIt then turns iip wards
goid muscle to the inner side of the neck of the lower jaw.
with the temporal artery, between the external ear and condyle of the jaw, under
cover of the parotid gland, and, escaping from beneath this structure, ascends over
the zygoma, and divides into two temporal branches.
it

may be

:

* There seems to be no reason to doubt that the branch supplying the Buccinator
muscle is entirely a nerve of ordinary sensation, and that the true motor supply of this
muscle is from the facial.

—
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The branches of communication are with the facial and with the otic ganghon.
The branches of communication with the facial, usually two in number, pass
forwards, from behind the neck of the condyle of the jaw, to join this nerve at the
posterior border of the Masseter muscle. They form one of the principal branches
The filaments of
of communication between the facial and the fifth nerve.

communication with the

otic

ganglion are derived from the

auriculo-temporal nerve.
The branches of distribution are

of the

:

Anterior auricular.
Branches to the meatus auditorius.
Superficial temporal.

The

commencement

anterior auricular branches are usually

Articular.

Parotid.

two in number.

They supply the

front of the upper part of the pinna, being distributed principally to the skin
covering the front of the helix and tragus.

Branches to the meatus auditorius, two in number, enter the canal between the
bony and cartilaginous portion of the meatus. They supply the skin lining the
meatus the upper one sending a filament to the membrana tympani.
A branch to the temporo-maxillary articulation is usually derived from the
;

auriculo-temporal nerve.
The parotid' branches supply the parotid gland.
The stc2Jerficial temporal accompanies the temporal artery to the vertex of the
skull, and supplies the integument of the temporal region, communicating with
the facial nerve, and the temporal branch of the temporo-malar, from the superior
maxillary.

The Lingual Nerve

(gustatory) supplies the papillae

and mucous membrane

of

deeply placed throughout the whole of its course. It hes at
first beneath the External pterygoid muscle, together with the inferior dental
nerve, being placed to the inner side of the latter nerve, and is occasionally joined
to it by a branch which crosses the internal maxillary artery.
The chorda
tympani also joins it at an acute angle in this situation. The nerve then passes
between the Internal pterygoid muscle and the inner side of the ramus of the jaw,
and crosses obliquely to the side of the tongue over the Stylo-glossus muscle, and
then between the Hyo-glossus muscle and deep part of the submaxillary gland
the nerve lastly runs across Wharton's duct, and along the side of the tongue to
its apex, lying immediately beneath the mucous membrane.
The branches of communication are with the facial through the chorda tympani,
the inferior dental and hypoglossal nerves, and the submaxillary ganglion. The
branches to the submaxillary ganglion are two or three in number those connected
with the hypoglossal nerve form a plexus at the anterior margin of the Hyo-glossus
muscle.
The branches of distribution are few in number. They supply the mucous
the tongue.

It is

;

;

membrane

of the mouth, the gums, the sublingual gland, the filiform and fungiform papillae and mucous membrane of the tongue the terminal filaments
communicate, at the tip of the tongue, with the hypoglossal nerve.
The Inferior Dental is the largest of the three branches of the inferior maxillary
nerve. It passes downwards with the inferior dental artery, at first beneath the
External pterygoid muscle, and then between the internal lateral ligament and
the ramus of the jaw to the dental foramen.
It then passes forwards in the dental
canal of the inferior maxillary bone, lying beneath the teeth, as far as the mental
foramen, where it divides into two terminal branches, incisor and mental.
The branches of the inferior dental are, the mylo-hyoid, dental, incisive and
;

mental.

The mylo-hyoid

derived from the inferior dental just as that nerve is about
It descends in a groove on the inner surface of the
ramus of the jaw, in which it is retained by a process of fibrous membrane. It
reaches the under surface of the Mylo-hyoid muscle, and supphes it and the anterior
is

to enter the dental foramen.

;
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two filaments

to the submaxillary

gland.

The dental branches supply the molar and bicuspid teeth.
number to the fangs of those teeth each nerve entering the
:

They correspond in
orifice at the point of

the fang, and supplying the pulp of the tooth.

The incisive branch is continued onwards within the bone to the middle line,
and supplies the canine and incisor teeth.
The mental branch emerges from the bone at the mental foramen, and divides
beneath the Depressor anguli oris into two or three branches one descends to
supply the skin of the chin, and another (sometimes two) ascends to supply the
skin and mucous membrane of the lower lip.
These branches communicate
;

freely with the facial nerve.

Two small ganglia are connected with the inferior maxillary nerve the otic
with the trunk of the nerve and the submaxillary with its lingual branch.
:

;

Otic Ganglion

(fig.

490)

The Otic Ganglion {Arnold's) is a small, oval-shaped, flattened ganglion of a
reddish-grey colour, situated immediately below the foramen ovale, on the inner
Fig. 490.

— The otic ganglion and

its

branches.

surface of the inferior maxillary nerve, surrounding the origin of the internal
pterygoid nerve. It is in relation, externally, with the trunk of the inferior
maxillary nerve, at the point where the motor root joins the sensory portion
internally, with the cartilaginous part of the Eustachian tube, and the origin of
the Tensor palati muscle
behind it is the middle meningeal artery.
Branches of communication. This ganglion is connected with the internal
pterygoid branch of the inferior maxillary nerve, by two or three short, delicate
filaments.
From this it may obtain a motor root, and possibly also a sensory root,
as these filaments from the nerve to the Internal pterygoid may contain sensory
;

—

communicates with the glosso-pharyngeal and facial nerves, through
superficial petrosal nerve continued from the tympanic plexus,
and through this communication it probably receives its sensory root from
the glosSo-pharyngeal and its motor root from the facial its communication with
the sympathetic is effected by a filament from the plexus surrounding the middle
meningeal artery. The ganglion also communicates with the auriculo-temporal

fibres.

It

the small

;
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nerve.

This

is

to the ganghon,

probably a branch from the glosso-phai'yngeal which passes
it and the auriculo-temporal nerve to the parotid

and through

gland.

Tensor tympani, and one
Tensor palati. The former passes backwards, on the outer side of the
Eustachian tube the latter arises from the ganglion, near the origin of the
Its branches of distribution are, a filament to the

to the

;

and passes forwards. The fibres of these nerves
however, mainly derived from the nerve to the Internal pterygoid muscle.
also gives off a small communicating branch to the chorda tympani.
internal pterygoid nerve,

Submaxillary Ganglion

(fig.

are,
It

488)

The submaxillary ganglion is of small size, fusiform in shape, and situated
above the deep portion of the submaxillary gland, near the posterior border of
the Mylo-hyoid muscle, being connected by filaments with the lower border of
the lingual (gustatory) nerve.

—

Branches of communication. This ganglion is connected with the lingual
(gustatory) nerve by a few filaments which join it separately, at its fore and back

branch from the chorda tympani, by w^hich it communiand communicates with the sympathetic by filaments from
the sympathetic plexus around the facial artery.
Branches of distribution. These are five or six in number; they arise from
the lower part of the ganglion, and supply the mucous membrane of the mouth
and Wharton's duct, some being lost in the submaxillary gland. The branch of
communication from the lingual to the fore part of the ganglion is by some regarded as a branch of distribution, by which filaments of the chorda tympani pass
from the ganglion to the nerve, and by it are conveyed to the sublingual gland
and the tongue.
part.

It also receives a

cates with the facial

;

—

—

Surface MarMng. It will be seen from the above description that the three terminal
branches of the three divisions of the fifth nerve emerge from foramina in the bones of the
skull and face on to the face
the terminal branch of the first division emerging through
the supra-orbital foramen
that of the second through the infra-orbital foraraen and
the third through the mental foramen. The supra-orbital foramen is situated at thejimction
of the internal and middle third of the supra- orbital arch between the internal and external
angular processes. If a straight line is di'awn from this point to the lower border of the
inferior maxillary bone, so that it passes between the two bicuspid teeth of the lower jaw,
it will pass over the infi-a-orbital and mental foramina
the former being situated about one
centimetre (f of an inch) below the margin of the orbit, and the latter varying in position
according to the age of the individual. In the adult it is midway between the upper and
lower borders of the inferior maxiUary bone in the child it is nearer the lower border, and
in the edentulous jaw of old age it is close to the upper margin.
Surgical Anatomy. The fifth nerve may be affected in its entirety or its sensory
or motor root may be affected; or one of its primary main divisions.
In mjury to the
sensory root there is aneesthesia of the whole of the side of the face on the side of
the lesion, with the exception of the skin over the parotid gland
insensibility of the
conjunctiva, followed by desti'uctive inflammation of the cornea, partly from loss of trophic
influence, and partly from the irritation produced by the presence of foreign bodies on it,
which are not perceived by the patient, and therefore not expeUed by the act of winking
dryness of the nose, loss to a considerable extent of the sense of taste, and diminished
secretion of the lachrymal and salivary glands.
In injury to the motor root, there is
impaired action of the lower jaw, from paralysis of the muscles of mastication on the
:

;

;

;

;

—

;

;

;

affected side.

The fifth nerve is often the seat of neuralgia, and each of the three divisions has been
divided, or a portion of the nerve excised, for this affection.
The supra-orbital nerve
may be exposed by making an incision an inch and a half in length along the supraorbital margin below the eyebrow, which is to be drawn vipwards, the centre of the incision
corresponding to the supra-orbital notch. The skin and Orbicularis palpebrarum having
been divided, the nerve can be easily found emerging from the notch, and lying in some
loose cellular tissue.
It should be drawn up by a blunt hook and divided, or, what is
better, a portion of it removed.
The infra-orbital nerve has been divided at its exit by an
incision on the cheek; or the floor of the orbit has been exposed, -the mfra-orbital canal
opened up, and the anterior part of the nerve resected or the whole nerve, together with
Meckel's ganglion as far back as the foramen rotundum, has been removed. This latter
;
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operation, though undoubtedly a severe proceedmg, appears to have been follovv'ed by the
best results. The operation is performed as follows the superior maxillary bone is first
exposed by a T-shaped mcision, one limb passing along the lower margin of the orbit, the
other from the centre of this vertically down the cheek to the angle of the mouth. The
small trephine
nerve is then found, divided, and a piece of silk tied to it as a guide.
(^-inch) is then applied to the bone, below, but including the infra-orbital foramen, and the
antrum opened. The trephine is now applied to the posterior wall of the antrum, and the
spheno-maxillary fossa exposed. The infra-orbital canal is opened up from below by
fine cutting-pliers or a chisel, and the nerve drawn down into the trephine hole, it being held
on the stretch by means of the piece of silk it is severed with fine curved scissors as near
the foramen rotundum as possible, any branches coming off fi-om the ganglion being also
:

A

;

divided.*
The inferior dental nerve has been divided at its exit from the foramen by an
incision made through the mucous membrane where it is reflected from the alveolar process
on to the lower lip or a portion of the nerve has been resected by an incision on the cheek
through the Masseter muscle, exposing the outer surface of the ramus of the jaw.
trephine was then applied over the position of the inferior dental foramen and the outer
table removed, so as to expose the inferior dental canal.
The nerve was dissected out of the
portion of the canal exposed, and, having been divided after its exit from the mental
foramen, it was by traction on the end exposed in the trephine hole, drawn out entire, and
cut off as high up as possible.! The inferior dental nerve has also been divided by an
incision within the mouth, the bony point guarding the inferior dental foramen forming
the guide to the nerve. The buccal nerve may be divided by an incision through the mucous
membrane of the mouth and the Buccinator just in front of the anterior border of the ramus
of the lower jaw (Stimson).
The lingual (gustatory) nerve is occasionally divided with the view of relieving the pain
in cancerous disease of the tongue.
This may be done in that part of its course where it
lies below and behind the last molar tooth.
If a line is drawn from the middle of the
;

A

crown of the last molar tooth to the angle of the jaw it will cross the nerve, which lies aboiit
an inch behind the tooth, parallel to the bulging 'alveolar ridge on the inner side of
the body of the bone. If the knife is entered three-quarters of an inch behind and below
the last molar tooth, and carried down to the hone, the nerve will be divided. Hilton
divided it opposite the second molar tooth, where it is covered only by the mucous membrane,
and Lucas pulls the tongue forwards and over to the opposite side, when the nerve can be
seen standing out as a firm cord under the mucous membrane by the side of the tongue, and
can be easily seized with a sharp hook and divided, or a portion excised. This is a simple
enough operation on the cadaver, but when the disease is extensive and has extended to
the floor of the mouth, as is generally the case when division of the nerve is required, the
half

operation

is

not practicable.

Sixth Neeve

(fig.

486)

The Sixth

or Abducent Nerve supplies the External rectus muscle.
Its su])erficial origin is by several filaments from the constricted part of the
pyramid, clo'se to the pons, or from the lower border of the pons itself, in the
groove between this body and the medulla. Its deep origin is from the floor of
the fourth ventricle, close to the median line, beneath the eminentia teres.
The nerve pierces the dura mater on the basilar surface of the sphenoid bone,
runs through a notch immediately below the posterior clinoid process, and enters
the cavernous sinus. It passes forwards through the sinus, lying on the outer
It enters the orbit through the sphenoidal
above the ophthalmic vein, from which it is separated by a lamina
of dura mater.
It then passes between the two heads of the External rectus, and
is distributed to that muscle on its ocular surface.
Branches of coml^mcnication. It is joinedby several filaments from the carotid
and cavernous plexus, and by one from the ophthalmic nerve.
The above-mentioned nerve, as well as the third, fourth, and the ophthalmic
division of the fifth, as they pass to the orbit, bear a certain relation to each other
in the cavernous sinus, at the sphenoidal fissure, and in the cavity of the orbit,
which will now be described.
In the cavernous sinus (fig. 427), the third, fourth, and ophthalmic division of
the fifth are placed on the outer wall of the sinus, in their numerical order,
both from above downwards, and from within outwards. The sixth nerve lies at
the outer side of the internal carotid artery. As these nerves pass forwards to the

side of the internal carotid artery.

fissure,

and

lies

—

*

Camochan, Ainer. Journ. Med. Science, 1858, p. 136.
Amer. Surg. Assoc, vol. ii. p. 469.

t Mears, Trans.
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sphenoidal fissure, the third and fifth nerves JDecome divided into branches, and
the sixth approaches the rest so that their relative position becomes considerably
;

changed.
In the sphenoidal fissure
divisions of the ophthalmic

491), the fourth, and the frontal and lachrymal
upon the same plane, the former being most
and they enter the cavity of the orbit above the
internal, the latter external
muscles. The remaining nerves enter the orbit between the two heads of the
External rectus. The superior division of the third is the highest of these
(fig.

lie

;

;

the nasal branch of the ophthalmic then the inferior division
and the sixth lowest of all.
of the third
In the orhit, the fourth, and the frontal and lachrymal divisions of the
ophthalmic, lie on the same plane immediately beneath the periosteum, the fourth
nerve being internal and resting on the Superior oblique, the frontal resting on
Next in order
the Levator palpebrse, and the lachrymal on the External rectus.

beneath this

lies

;

;

comes the superior division of the third nerve lying immediately beneath the
Superior rectus, and then the nasal branch of the ophthalmic, crossing the optic
nerve from the outer to the inner side of the orbit. Beneath these is found the
Fig. 491.

— Eelations of structures passing through the sphenoidal fissure.
LACHRYMAL

~ SUPERrOR DIVISION OF 3«
NASAL
INFERIOR DIVISION OF 352

OPHTHALMIC VEIN

by the ciliary nerves, and having the lenticular
ganglion on its outer side, between it and the External rectus. Below the optic
is the inferior division of the third, and the sixth, which lies on the outer side of
the orbit.
optic nerve, surrounded in front

—

Surgical Anatomy. The sixth nerve is more frequently involved in fractures of the
base of the skull than any other of the cranial nerves. The result of paralysis of this
nerve is internal or convergent squint. "When injiu-ed so that its function is destroyed,
there is, in addition to the paralysis of the External rectus muscle, often a certain amoiuit
of contraction of the pupil, because some of the sympathetic fibres to the radiating muscle
of the iris pass along with this nerve.

Seventh Neeve
The Seventh

(figs.

492, 493, 494)

Nerve {porlio dura) is the motor nerve of all the
expression in the face, and of the Platysma and Buccinator; the
of the External ear
the posterior belly of the Digastric, and the Stylohyoid.
Through its chorda tympani it supplies the Lingualis by its tympanic
branch, the Stapedius.

muscles
muscles

or Facial

of

;

;

Its sujjerficial origin is from the lateral tract of the medulla oblongata, in the
groove between the olivary and restiform bodies. Its deep origin is from a
nucleus situated in the reticular formation of the lower part of the pons. Prom
this origin the fibres pursue a tortuous course in the substance of the pons. They
first pass backwards and inwards, and then turn upwards and forwards form-

ing the funiculus teres, which produces an eminence (eminentia teres) on the
floor of the fourth ventricle, and finally bend sharply downwards and outwards

—
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round the upper end of the nucleus of origin of the sixth nerve, to reach their
superficial origin between the olivary and restiform bodies.
The auditory nerve {portio mollis) lies to its outer side and between the two
is a small fasciculus {portio inter durmn et mollem of Wrisberg, or jj^ars intermedia), which arises from the medulla and joins the facial nerve in the internal
It arises from the upper end of the nucleus of the glossoauditory meatus.
pharyngeal nerve, and at its emergence it is frequently connected with both the
nerves, between which it lies.
The facial nerve, firmer, rounder, and smaller than the auditory, passes forwards
and outwards upon the middle peduncle of the cerebellum, and enters the internal
auditory meatus with the auditory nerve. Within the meatus, the facial nerve lies
The
first to the inner side of the auditory, and then in a groove upon that nerve.
pars intermedia is placed between the facial and auditory nerves in the internal
auditory meatus, and at the commencement of the geniculate ganglion it joins the
Occasionally a few of its fibres pass into the auditory nerve.
facial nerve.
At the bottom of the meatus, the facial nerve enters the aqueductus FaUopii,
and follows the serpentine course of that canal through the petrous portion of the
temporal bone, from its comThe course and connections of the
FiG. 492.
mencement at the internal
;

—

is

at

first

directed backwards
between the

outwards

and

cochlea and vestibule towards
inner wall of the tym-

nerve in the temporal bone.

facial

meatus, to its termination at
It
the stylo-mastoid foramen.
Small
Large

External petrosa.
superficial petrosal
superficial petrosal

Intumescentia ganglioforjmis

the

panum

it then bends suddenly
backwards and forms a reddish

Seventh pair

;

gangliform

swelling

Facial
Auditory

(intumes-

centia ganglioformis, or geniculate ganglion),

and from

this arches

downwards

On emerging from this
to the stylo-mastoid foramen.
behind the
aperture, it runs forwards in the substance of the parotid gland, crosses the
external carotid artery, and divides behind the ramus of the lower jaw into two
tympanum

primary branches, temporo-facial and

cervico-facial,

from which numerous

offsets

the head, face, and upper part of the neck
supplying the superficial muscles in these regions. As the primary branches
and their offsets diverge from each other, they present somewhat the appearance
hence the name of pes anserinus is given to the divisions of the
of a bird's claw
are distributed over the side of

;

nerve in and near the parotid gland.
The communications of the facial nerve

facial

In the internal auditory meatus

may

be thus arranged

With the auditory

:

nerve.

/With Meckel's ganglion by the large
superficial petrosal nerve.

With
In the aqueductus Fallopii

the

otic

ganglion by the small

superficial petrosal nerve.

With

the sympathetic on the middle
meningeal by the external superficial

petrosal nerve.

With
At

On

....

from the stylo-mastoid
foramen

its exit

the face

.....

the glossal-pharyngeal.

,,

pneumogastric.

,,

carotid plexus.

magnus.

„

auricularis

,,

auriculo-temporal.

With

the three divisions of the

fifth.

In the internal auditory meatus some minute filaments pass between the facial
and auditory nerves.
Opposite the hiatus Fall(3|)ii, the ganghform enlargement on the facial nerve

.
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communicates with Meckel's ganghon by means of the large superficial petrosal
with the otic ganglion, by the small superficial
its motor root
petrosal nerve and with the sympathetic filaments accompanying the middle
meningeal artery, by the external petrosal (Bidder). From the gangliform
enlargement, according to Arnold, a twig is sent back to the auditory nerve.
At its exit from the stylo-mastoid foramen, it sends a twig' to the glossopharyngeal, another to the pneumogastric nerve, and communicates with the
carotid plexus of the sympathetic, with the great auricular branch of the cervical
plexus, wath the auriculo-temporal branch of the inferior maxillary nerve in the
parotid gland, and on the face with the terminal branches of the three divisions
nerve, which forms

;

:

.

of the fifth.

Branches of Disteibution
Within the aqueductas Fallopii
At

its exit

'
•

]

toramen

,

•'

.

.

.

rp

„

JJiffastiic
Digastric.

-0^.11
Stylo-hyoid.
i

.

,j

Posterior Auricular.

from the stylo-mastoid

„

n^

[

Temporo-facial

On

-j

(

the face
(
'

Cervico-facial

-

(

Temporal.
Malar.
Infra-orbital.

Buccal.
Supramaxillary.
Inframaxillary.

The tympanic branch arises from the nerve opposite the pyramid it passes
through a small canal in the pyramid, and supplies the Stapedius muscle.
The chorda tympani is given off from the facial as it passes vertically downwards at the back of the tympanum, about a quarter of an inch before its exit
from the stylo-mastoid foramen. It passes from below upwards and forwards
in a distinct canal, and enters the cavity of the tympanum, through an aperture
(iter chordce 'posterius) on its posterior wall between the opening of the mastoid
cells and the attachment of the membrana tympani, and becomes invested with
mucous membrane. It passes forwards through the cavity of the tympanum,
between the fibrous and mucous layers of the membrana tympani, to its anterior
inferior angle, and emerges from that cavity through a foramen at the inner end
;

which is called the iter cJiordcB anterius, or canal of
Huguier. It then descends between the two Pterygoid muscles, meets the
lingual nerve at an acute angle, and accompanies it to the submaxillary gland
part of it then joins the submaxillary ganglion the rest is continued onwards
A few of its fibres probably pass through the submaxillary
into the tongue.
ganglion to the sublingual gland. Before joining the lingual nerve it receives a
small communicating branch from the otic ganglion.
The Posterior auricular nerve arises close to the stylo-mastoid foramen, and
passes upwards in front of the mastoid process, where it is joined by a filament
from the auricular branch of the pneumogastric, and communicates with the
mastoid branch of the auricularis magnus and with the small occipital. As it
ascends between the meatus and mastoid process it divides into two branches.
The auricular branch supplies the Retrahens aurem and the small muscles on the
The occipital branch, the larger, passes backwards
cranial surface of the pinna.
along the superior curved line of the occipital bone, and supplies the occipital
portion of the Occipito-frontalis.
The digastric branch usually arises by a common trunk with the Stylo-hyoid
branch it divides into several filaments, which supply the posterior belly of the
Digastric
one of these perforates that muscle to join the glosso-pharyngeal
of the Glaserian fissure,

;

;

;

;

nerve.

The

stylo-hyoid

is

a long slender branch,

which passes inwards, entering the
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Stylo-hyoid muscle about its middle
it communicates with the
sympathetic
filaments on the external carotid artery.
The Temporo-facial, the larger of the two terminal branches, passes upwards
and forwards through the parotid gland, crosses the external carotid artery and
;

temporo-maxillary vein, and passes over the neck of the condyle of the jaw, being
connected in this situation with the auriculo-temporal branch of the inferior
maxillary nerve, and divides into branches, which are distributed over the temple
and upper part of the face these are divided into three sets temporal, malar, and
;

:

infra-orbital.

The temporal branches cross the zygoma to the temporal region, supplying the
Attrahens and Attollens aurem muscles, and join with the temporal branch of the
temporo-maxillary, a branch of the superior maxillary, and with the auriculotemporal branch of the inferior maxillary. The more anterior branches supply the
Fig. 49^.

—Plan of the facial nerve.

(After Flower.)

FACIAL

and Corruand lachrymal branches

frontal portion of the Occipito-frontalis, the Orbicularis palpebrarum,

gator supercilii muscles, joining with the supra-orbital
of the ophthalmic.

The malar brandies pass across the malar bone to the outer angle of the orbit,
where they supply the Orbicularis palpebrarum muscle, joining with filaments
from the lachrymal nerve others supply the lower eyelid, joining with filaments
of the malar branch {subcutaneous malce) of the superior maxillary nerve.
The infra-orbital, of larger size than the rest, pass horizontally forwards to be
distributed between the lower margin of the orbit and the mouth.
The superficial
branches run beneath the skin and above the superficial muscles of the face which
they supply some branches are distributed to the Pyramidalis nasi, joining at the
inner angle of the orbit with the infratrochlear and nasal branches of the
ophthalmic. The deepi branches pass beneath the Zygomatici and the Levator labii
superioris, supplying them and the Levator anguli oris, and form a plexus {infra;

:
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by joining with the infra-orbital branch of the superior maxillary nerve
and the buccal branches of the cervico-facial. This branch also supplies the
Levator labii superioris alaeque nasi and the small muscles of the nose.
The Cervico-facial division of the facial nerve passes obliquely downwards and
forwards through the parotid gland, crossing the external carotid artery. In this
Opposite the
situation it is joined by branches from the great auricular nerve.
angle of the lower jaw it divides into branches which are distributed on the lower
These may be divided into three sets
half of the face and upper part of the neck.
buccal, supramaxillary, and inframaxillary.
orbital)

:

Fig. 494.

— The nerves of the scalp,

face,

and

side of the neck.

Ter7niiiation

afCft
.-Yi
\

The

buccal branches cross the Masseter muscle.

and Orbicularis
division of

\

(Jf

supratrochlear

^f infratrochlear

\ of nasal

They supply the Buccinator

and join with the infra-orbital branches of the temporo-f acial
the nerve, and with filaments of the buccal branch of the inferior
oris,

maxillary nerve.
The supramaxillary {riiandibular) branches pass forwards beneath the Platysma
and Depressor anguli oris, supplying the muscles of the lower lip and chin, and
communicating with the mental branch of the inferior dental nerve.
The inframaxillary {cervical) branches run forward beneath the Platysma, and
form a series of arches across the side of the neck over the suprahyoid region.

1;

EIGHTH

AUDITOEY

One of these branches descends vertically to join with the
from the cervical plexus others supply the Platysma.

80
superficialis colli nerve

;

—

Surgical Anatomy. The facial nerve is more frequently paralysed than any of the
other of the cranial nerves. The paralysis may depend either upon (i) central causes, i.e.
blood clots or intracranial tumours pressing on the nerve before its entrance into the
It is also one of the nerves involved in bulbar paralysis.'
internal auditory meatus.
Or
its passage through the petrous bone, by damage due to middle
(2) it may be paralysed
Or (3) it may be affected at or after its exit from
ear disease, or by fractures of the base.
It may be due
the stylo-mastoid foramen. This is commonly known as Bell's paralysis.'
to exposm-e to cold or to injury of the nerve, either from accidental wounds of the face, or
during some surgical operation, as removal of parotid tumours, opening of abscesses, or
operations on the lower jaw.
When the cause is central, the sixth nerve is usuaUy also paralysed, and there is
hemiplegia on the opposite side. In these cases the electrical reactions are the same
whereas, when the paralysis is in the course of the nerve, the reaction is
as in health
usually lost. When the nerve is paralysed in the petrous bone, in addition to the paralysis
of the muscles of expression, there is loss of taste in the anterior part of the tongue, and the
patient is unable to recognise the difference between bitters and sweets, acids and salines,
from involvement of the chorda tympani. The mouth is dry, because the salivary glands
are not secreting and the sense of hearing is affected from paralysis of tlie Stapedius.
When the cause of the paralysis is from fracture of the base of the skull, the auditory nerve
and the petrosal nerves, which are connected with the intumescentia ganglioformis, are also
involved. When the injury is after the exit of the nerve fi-om the stylo-mastoid foramen, all
the muscles of expression, except the Levator palpebras, together with tlie posterior belly of
There is smoothness of the forehead, and the
the Digastric and Stylo-hyoid, are paralysed.
patient is unable to frown the eyelids cannot be closed and the lower lid droops, so that
the punctum is no longer in contact with the globe, and the tears run down the cheek
there is smoothness of the cheek and loss of the naso-labial furrow the nostril cannot be
dilated; the mouth is drawn to the sound side, and there is inability to whistle food
collects between the cheek and gmn from paralysis of the Buccinator.
The facial nerve is
at fault in cases of so-called histrionic spasm,' which consists in an almost constant and
uncontrollable twitching of the muscles of the face. This twitching is sometimes so
severe as to cause great discomfort and annoyance to the patient, and to interfere with
The operation is performed by
sleep, and for its relief the facial nerve has been stretched.
making an incision behind the ear, from the root of the mastoid process to the angle of the
jaw. The parotid is turned forwards and the dissection carried along the anterior border
of the Sterno-mastoid muscle and mastoid process, until the upper border of the posterior
belly of the. Digastric is found.
The nerve is parallel to this on about a level of the middle
of the mastoid process.
When found, the nerve must be stretched by passing a blunt
hook beneath it and pulling it forwards and outwards. Too great force must not be used,
for fear of permanent injury to the nerve.
'

m

'

;

;

;

;

;

'

Eighth Neeve
The Eighth

or Auditory Nerve {portio mollis) is the special nerve of the sense
being distributed exclusively to the internal ear.
Its superficial origin is from the groove between the olivary and restiform
bodies at the lower border of the pons.
It lies external to the facial nerve.
Its
deep origin is by two roots, mesial and lateral, which embrace the restiform body.
The lateral or posterior root arises partly from the tuberculum acusticum on the
floor of the fourth ventricle, is partly continued into the striae medullaris, and
partly also arises from the accessory auditory nucleus, a group of cells placed in
front of the restiform body in the angular interspace between the two roots.
This
root is beheved to be connected with the cochlear nerve, and is the true nerve of
hearing.
The mesial or anterior root arises from a collection of cells, the dorsal
auditory nucleus, corresponding to the trigonum acustici in the floor of the fourth
This root is supposed to be
ventricle to the inner side of the restiform body.
connected with the vestibular nerve, and to be concerned in the maintenance of
of hearing,

equilibrium.

The auditory nerve

medulla passes forwards across the
company with the facial
nerve, from which it is partially separated by a small artery (auditory).
It then
enters the internal auditory meatus with the facial nerve.
At the bottom of the
meatus it receives one or two filaments from the facial nerve, and then divides
after leaving the

posterior border of the middle peduncle of the cerebellum, in

3F
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two branches, cochlear and vestibular, which are distributed, the former to the
The auditory nerve
cochlear, the latter to the vestibule and semicircular canals.
is soft in texture (hence the name portio mollis), and is destitute of neurilemma.
into

distribution of the auditory nerve in the internal ear will be found described
along with the anatomy of that organ in a subsequent page.

The

—

Surgical Anatomy. The auditory nerve is frequently injured, together with the facial
nerve, in fractures of the middle fossa of the base of the skull implicating the internal
auditory meatus. The nerve may be either torn across, producing permanent deafness, or
inflammatory exudation,
it may be bruised or pressed upon by extravasated blood or
when the deafness will in all probability be temporary. The nerve may also be injured by
violent blows on the head without fracture, and deaihess may arise from loud explosions
from dynamite, etc., probably from some lesion of this nerve, which is more liable to be
injured than the other cranial nerves on account of its structure. The test that the nerve
is destroyed, and that the deafness is not due to some lesion of the auditory apparatus, is
obtained by placing a vibrating tuning-fork on the head. The vibrations will be heard in
cases where the auditory apparatus is at fault, but not in cases of destruction of the
auditory nerve.

Ninth Paie
The Ninth
its

the

name

(figs.

495, 496, 497)

Nerve (figs. 495, 496, 497) is distributed, as
and pharynx, being the nerve of sensation to
the pharynx, fauces, and tonsil and a special nerve
of taste to all the parts of the tongue to which

or Griosso-pharyngeal

implies, to the tongue

mucous membrane

of

—

Fig. 495. Origin, ganglia, and
comixiunications of the eighth,
nintli and tenth cranial nerves.
JUffltlrtr liantit.

Ictroui, Gciiigl.

;

it is

distributed.

by three or four
filaments closely connected together, from the
Its superficial origin is

upper part of the medulla oblongata, in the
groove between the olivary and the restiform
body.

may

Its deep origin

be traced through the

fasciculi of the lateral tract, to three different

may be traced
matter at the lower part
of the floor of the fourth ventricle beneath
the inferior fovea these are regarded as the
fibres conducting the special sense of taste.
(2) Others may be traced downwards into the
funiculus solitarius, a rounded bundle of fibres in the lower part of the medulla,
commencing immediately above the decussation of the pyramids. These fibres
have not yet been distinctly traced to cells
they are probably efl^erent.
(3) A third set of fibres pass forward to a collection of cells, the nucleus amhiguus,
which is directly continuous with the nucleus of the vagus.
From its superficial origin, it passes outwards across the flocculus, and leaves
the skull at the central part of the jugular foramen, in a separate sheath of the
dura mater, in front of the pneumogastric and spinal accessory nerves (fig. 429).
In its passage through the jugular foramen, it grooves the lower border of the
petrous portion of the temporal bone and, at its exit from the skull, passes forwards between the jugular vein and internal carotid artery, and descends in front
of the latter vessel, and beneath the styloid process and the muscles connected
with it, to the lower border of the Stylo-pharyngeus. The nerve now curves
inwards, forming an arch on the side of the neck and lying upon the Stylopharyngeus and Middle constriptor of the pharynx, above the superior laryngeal
It then passes beneath the Hyo-glossus, and is finally distributed to the
nerve.
mucous membrane of the fauces and base of the tongue, and the mucous glands
sources,

(i)

some

of the fibres

to a nucleus of grey

;

:

;

mouth and tonsil.
In passing through the jugular foramen, the nerve presents, in succession,
two gangliform enlargements. The superior, the smaller, is called the jugular
ganglion; the inferior and larger, the petrous ganglion, or the ganglion of
of the

Andersch.

TENTH.
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superior, or jug-ular, ganglion

is situated in the upper part of the
groove
lodged during its passage through the jugular foramen. It
is of very small size, and involves only the lower part of the
trunk of the nerve.
It is usually regarded as a segmentation from the lower o-ano-lion.
The inferior, or petrous, ganglion is situated in a depression in the
lower
border of the petrous portion of the temporal bone it is larger than
the former,

in

which the nerve

is

;

and involves the whole of the fibres of the nerve. From this gangHon
arise those
filaments which connect the glosso-pharyngeal with the
pneSmogastric and
sympathetic nerves.

The branches

of communication are with the pneumogastric, sympathetic

and

facial.

The branches
ganglion, one to

to the
its

pneumogastric are two filaments, arising from the petrous
auricular branch, and one to the upper gangHon
of the

pneumogastric.
The branch to the sympathetic, also arising from the petrous ganglion,
connected with the superior cervical ganglion.
The branch of communication with the facial perforates the posterior

is

belly of

the Digastric.

and joins the

It rises

facial just

The branches

from the trunk of the nerve below the petrous ganghon,
after its exit from the stylo-mastoid foramen.

of clistribution are, the tympanic, carotid, pharyngeal, muscular,

and lingual.
The tympanic branch {Jacobson's nerve) arises from the petrous ganghon,
and
enters a small bony canal in the lower surface of the petrous
portion of the
temporal bone the lower opening of which is situated on the bony
ridge which
separates the carotid canal from the jugular fossa. It ascends to
the tympanum,
enters that cavity by an aperture in its floor close to the inner
wall, and divides
into branches, which are contained in grooves upon the
surface of the promontory
forming the tympanic plexus.
This will be described in connection with the
anatomy of the ear.
The carotid branches descend along the trunk of the internal carotid
artery
as far as its commencement, communicating with the
pharyngeal branch of the
pneumogastric, and with branches of the sympathetic.
The pharyngeal branches are three or four filaments which unite opposite
the
Middle constrictor of the pharynx with. the pharyngeal branches of
the pneumogastric, the external laryngeal, and sympathetic nerves,
to form the pharyngeal
plexus, branches from which perforate the muscular coat of the
pharynx to supply
the muscles and mucous membrane.
The muscular branch is distributed to the Stylo-pharyngeus.
tonsillar,

;

_

The
around

tonsillar branches supply the tonsil, forming a plexus
(circulus tonsillaris)
this body, from which branches are distributed to

the soft palate and
where they communicate with the palatine nerves.
The lingual branches are two in number one suppHes the
circumvallate
papillae and the mucous membrane covering the
surface of the base of the
tongue the other perforates its substance, and supplies the
mucous membrane
and folhcular glands of the tongue and anterior surface of the
epiglottis.
fauces,

:

;

Tenth Paik

(figs.

496, 497)

-

The Tenth or Pneumogastric Nerve {nervus vagus ox par vagum) has
a
extensive distribution than any of the other cranial nerves,
passing

more

through the
neck and thorax to the upper part of the abdomen. It
is composed of both
motor and sensory fibres. It supplies the organs of voice and
respiration with
motor and sensory fibres
and the pharynx, oesophagus, stomach, and heart
with motor fibres.
;

Its superficial origin is

olivary

by eight or ten filaments from the groove between the
and the restiform body below the glosso-pharyngeal; its deep
origin may
3 F 2
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Fig. 496.

—Plan

of the glosso-pharyngeal, pneiimogasti'ic,

nerves.

(After Flower.)

and spinal

accessory-
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be traced through the fasciculi of the medulla, to terminate in a nucleus of grey
matter, the nucleus vagus, at the lower part of the floor of the fourth ventricle,
beneath the ala cinerea, below and continuous with the nucleus of origin of the
In addition to this a few fibres pass into the funiculus
glosso-pharyngeal.
solitarius,

and others

into the

nucleus ambiguus or accessory vagal nucleus.
filaments become
and form a flat cord,
which passes outwards be-

The

united,

Fig.

497.— Course and distribution of the
ninth and tenth cranial nerves.

eighth,

Glosso-pharyngeal

Pneumogastri
Spinal accessor

I

neath the flocculus to the
foramen, through
which it emerges from the
cranium. In passing through
this opening, the pneumothe
accompanies
gastric
spinal accessory, being contained in the same sheath of
dura mater with it, a membranous septum separating it
from the glosso-pharyngeal,
jugular

which lies in front
The nerve- in this

(fig.

429).
situation

presents a well-marked ganglionic enlargement, which is
called jugular

ganglion,

or

the ganglion of the root of the
pneumogastric to it the ac:

cessory part of the spinal
accessory nerve is connected

by one

two

or

filaments.'

After the' exit of the nerve

from the jugular foramen, the
nerve is joined by the accessory portion of the spinal
accessory, and enlarges into
a second gangliform swelling,
called the ganglion inferiiis
or the ganglion of the trunk
of the nerve through which
the fibres of the spinal accessory pass unchanged, being
principally distributed to the
pharyngeal
and superior
laryngeal branches of the
vagus, but some of the filaments from it are continued
into the trunk of the vagus
below the ganglion, to be
distributed with the recu.rrent
laryngeal nerve and probably
also with the cardiac nerves.
The nerve passes vertically
down the neck within the
sheath of the carotid vessels
lying between the internal carotid artery and internal jugular vein as far as the
thyroid cartilage, and then between the same vein and the common carotid to
;

—
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the root of the neck. Here 'the course of the nerve becomes different on the
two sides of the body.
On the right side, the nerve passes across the subclavian artery between it
and the right innominate vein, and descends by the side of the trachea to the
back part of the root of the lung, where it spreads out in a plexiform network
{posterior pulmonary), from the lower part of which two cords descend upon the
oesophagus, on which they divide, forming, with branches from the opposite

below, these branches are collected
nerve, the oesophageal plexus {plexus gulce)
into a single cord, which runs along the back part of the oesophagus, enters the
abdomen, and is distributed to the posterior surface of the stomach, joining the
left side of the solar plexus, and sending filaments to the splenic plexus and a
;

considerable branch to the coeliac plexus.
On the left side, the pneumogastric nerve enters the chest between the left
It crosses the
carotid and subclavian arteries, behind the left innominate vein.
arch of the aorta, and descends behind the root of the left lung, forming the
posterior puhno7iary p)lexus, and along the anterior surface of the oesophagus,

where it unites with the nerve of the right side in forming the plexus gulae, to
the stomach, distributing branches over its anterior surface, some extending
Filaments
over the great cul-de-sac, and others along the lesser curvature.
from these branches enter the gastro-hepatic omentum, and join the hepatic
plexus.

The ganglion
two

of the root is of a greyish colour, circular in form, about
and resembles the ganglion on the large root of the fifth

lines in diameter,

nerve.

—

Connecting branches. To this ganglion the accessory portion of the spinal
accessory nerve is connected by several delicate filaments it also has a communicating twig with the petrous ganglion of the glosso-pharyngeal, with the facial
nerve by means of its auricular branch, and with the sympathetic by means of
an ascending filament from the superior cervical ganglion.
The ganglion of the trunJc (inferior) is a plexiform cord, cylindrical in form,
of a reddish colour, and about an inch in length
it involves the whole of the
fibres of the nerve, and passing through it is the accessory portion of the spinal
accessory nerve, which blends with the pneumogastric below the ganglion,
and is then principally continued into its pharyngeal and superior laryngeal
branches.
Connecting branches.
This ganglion is connected with the hypoglossal, the
superior cervical ganglion of the sympathetic, and the loop between the first and
;

;

—

second cervical nerves.

The hranches

of the pneumogastric are

In the jugular fossa

(

1

In the neck

....

/

I

In the thorax

In the abdomen

....
....

Meningeal.
Auricular.

Pharyngeal.
Superior laryngeal.
Recurrent laryngeal.
Cervical cardiac.

/"Thoracic cardiac.

interior pulmonary.
Posterior pulmonary,
i

Oesophageal.
Gastric.

The meningeal branch is a recurrent branch given off from the ganglion of
the root in the jugular foramen. It passes backwards, and is distributed to the
dura mater covering the posterior fossa of the base of the skull.
The auricular branch {Arnold's) arises from the ganghon of the root, and is
joined soon after its origin by a filament from the petrous ganglion of the glossopharyngeal

;

it

passes outwards behind the jugular vein, and enters a small
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Traversmg the substance of the
the outer wall of the jugular fossa.
it crosses the aquecluctus Fallopii about two lines above its
termination at the stylo-mastoid foramen here it gives off an ascending branch,
canal

011

temporal bone,

;

the continuation of the nerve reaches the surface by
passing through the auricular fissure between the mastoid process and the
external auditory meatus, and divides into two branches, one of which
communicates with the posterior auricular nerve, while the other supplies the

which joins the

facial

:

integument at the back part of the pinna and the posterior part of the external
auditory meatus.
The pharyngeal branch, the principal motor nerve of the pharynx, arises from
the upper part of the inferior ganglion of the pneumogastric. It consists principally of filaments from the accessory portion of the spinal accessory it passes
across the internal carotid artery (in front or behind), to the upper border of the
Middle constrictor, wdiere it divides into numerous filaments, which join with
those from the glosso-pharyngeal, superior laryngeal (its external branch), and
sympathetic, to form the pharyngeal plexus, from which branches are distributed to the muscles and mucous membrane of the pharynx and the muscles
From the pharyngeal plexus a minute filament is given off',
of the soft palate.
which descends and joins the hypoglossal nerve as it winds round the occipital
;

artery.

The superior laryngeal is the nerve of sensation to the larynx. It is larger
than the preceding, and arises from the middle of the inferior ganglion of the
pneumogastric. It consists principally of filaments from the accessory portion
In its course it receives a branch from the superior
of the spinal accessory.
It descends, by the side of the pharynx,
cervical ganglion of the sympathetic.
behind the internal carotid, where it divides into two branches, the external and
internal laryngeal.

The external laryngeal branch, the smaller, descends by the side of the larynx,
It gives
beneath the Sterno-thyroid, to supply the Crico-thyroid muscle.
branches to the pharyngeal plexus and the Inferior constrictor, and communicates
with the 'superior cardiac nerve, behind the common carotid.
The internal laryngeal branch descends to the opening in the thyro-hyoid
membrane, through which it passes with the superior laryngeal artery, and is
distributed to the mucous membrane of the larynx.
A small branch communicates
with the recurrent laryngeal nerve. The branches to the mucous membrane are
distributed, some in front to the epiglottis, the base of the tongue, and the
epiglottidean glands while others pass backwards, in the aryteno-epiglottidean
fold, to supply the mucous membrane surrounding the superior orifice of the
larynx, as well as the membrane which lines the cavity of the larynx as low down
;

the vocal cord. The filament which joins ^vith the recurrent laryngeal
descends beneath the mucous membrane on the inner surface of the trfyroid
-^
cartilage, where the two nerves become united.
The inferior or recurrent laryngeal, so called from its reflected course, is thje
motor nerve of the larynx. It arises on the right side, in front of the subclavian
artery winds from before backwards round that vessel, and ascends obliquely to
the side of the trachea, behind the common carotid and inferior thyroid arteries.
On the left side, it arises in front of the arch of the aorta, and winds from before
backwards round the aorta at the point where the remains of the ductus arteriosus
are connected with it, and then ascends to the side of the trachea.
The nerves
on both sides ascend in the groove between the trachea and oesophagus, and,
passing under the lower border of the Inferior constrictor muscle, enter the
larynx behind the articulation of the inferior cornu of the thyroid cartilage with
the cricoid, being distributed to all the muscles of the larynx, excepting the
Crico-thyroid.
It communicates with the superior laryngeal nerve.
The recurrent laryngeal, as it winds round the subclavian artery and aorta,
gives off several cardiac filaments, which unite with the cardiac branches from the
pneumogastric and sympathetic. As it ascends in the neck it gives off oesophageal
as

'

;
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left than on the right side, which supply the
mucous membrane and muscular coat of the oesophagus tracheal branches to
the mucous membrane and muscular fibres of the trachea; and some pharyngeal

branches, more numerous on the

;

filaments to the Inferior constrictor of the pharynx.
The cervical cardiac branches, two or three in number, arise from the
gastric, at the upper and lower part of the neck.

pneumo-

superior branches are small, and communicate with the cardiac branches
They can be traced to the great or deep cardiac plexus.

The

of the sympathetic.

one on each

side, arise at the lower part of the neck,
the right side, this branch passes in front or by the
side of the arteria innominata, and communicates with one of the cardiac nerves
proceeding to the great or deep cardiac plexus. On the left side, it passes in
front of the arch of the aorta, and joins the superficial cardiac plexus.
The thoracic cardiac branches, on the right side, arise from the trunk of the

The

just

inferior branches,

above the

On

first rib.

it lies by the side of the trachea, and from its recurrent
but on the left side from the recurrent nerve only passing
laryngeal branch
inwards, they terminate in the deep cardiac plexus.
The anterior pulmonary branches, two or three in number, and of small size,
They join with
are distributed on the anterior aspect of the root of the lungs.

pneumogastric, as
;

;

filaments from the sympathetic, and form the anterior imlmonary plexus.
The posterior pulmonary branches, more numerous and larger than the
anterior, are distributed on the posterior aspect of the root of the lung
they are
joined by filaments. from the third and fourth (sometimes also first and second)
thoracic ganglia of the sympathetic, and form the posterior pulmonary plexus.
:

Branches from both plexuses accompany the ramifications

of

the

air-tubes

through the substance of the lungs.
The oesophageal branches are given off from the pneumogastric both above
and below the pulmonary branches. The lower are more numerous and larger
than the upper. They form, together with branches from the opposite nerve,
the cesophageal plexus or plexus gulce. From this plexus branches are distributed
to the back of the pericardium.
The gastric branches are the terminal filaments of the pneumogastric nerve.
The nerve on the right side is distributed to the posterior surface of the stomach,
and joins the left side of the coeliac plexus and the splenic plexus. The nerve
on the left side is distributed over the anterior surface of the stomach, some
filaments passing across the great cul-de-sac, and others along the lesser curvature.
They unite with branches of the right nerve and with the sympathetic, some
filaments passing through the lesser omentum to the hepatic plexus.

—

Surgical Anatomy. The laryngeal nerves are of considerable importance in considering some of the morbid conditions of the larynx. 'S\Tien the peripheral terminations of the
superior laryngeal nerve are irritated by some foreign body passing over them, reflex
spasm of the glottis is the result. When the trunk of this same nerve is pressed upon, by,
for instance, a goitre or an aneurism :of the upper part of the carotid, we have a peculiar
dry, brassy cough.
When the nerve is paralysed, we have anaesthesia of the mucous
membrane of the larynx, so that foreign bodies can readily enter the cavity, and, in
consequence of its supplying the Crico-thyroid muscle, the vocal cords cannot be made
tense, and the voice is deep and hoarse.
Paralysis of the superior laryngeal nerves may
be the result of bulbar paralysis may be a sequel to diphtheria when both nerves are
usually involved or it may, though less comnaonly, be caused by the pressure of tumours
or aneurisms, when the paralysis is generally unilateral.
Irritation of the inferior
laryngeal nerves produces sjjasm of the muscles of the larynx. When both these recurrent
nerves are paralysed, the vocal cords are motionless, in the so-called cadaveric position
that is to say, in the position in which they are found in ordinary tranquil respiration
neither closed as in phonation, nor open as in deep inspiratory efforts. When one
recurrent nerve is paralysed, the cord of the same side is motionless, while the opposite
one crosses the middle line to acconnnodate itself to the affected one hence phonation is
present, but the voice is altered and weak in timbre.
The recurrent laryngeal nerves may
be paralysed in bulbar paralysis or after diphtheria, when it usiTally affects both sides or
they may be affected by the pressure of anetu^isms of the aorta, innominate or subclavian
arteries
by mediastinal tumours by bronchocele or by cancer of the upper part of the
oesophagus, when the paralysis is often unilateral.
;

;

'

'

'

—

;

;

;

;

;

;
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Nerve consists

of two parts
one, the
accessory part to the vagus, and the other the spinal portion.
The bulbar or accessory part is the smaller of the two. Its superficial origin
is by four or five delicate filaments from the side of the medulla, below the roots
Its deep origin may be traced to a nucleus of grey matter at the
of the vagus.
back of the medulla, extending from the level of the top of the calamus scriptorius
as far down as the intermedio-lateral tract of the spinal cord.
It passes outwards
to the jugular foramen, where it joins with the spinal portion and with the upper
ganglion of the vagus by one or two filaments and is then continued over the
surface of this ganglion to join the trunk of the vagus, after its exit from the
jugular foramen.
The fibres of the accessory part then pass unchanged through
the inferior ganglion, or ganglion of the trunk of the vagus, to be distributed
principally to the pharyngeal and superior laryngeal branches of the pneumogastric.
Through the pharyngeal branch it probably supplies the muscles of the
soft palate (see page 422).
Some few filaments from it are continued into the
trunk of the vagus below the ganglion, to be distributed with the recurrent
laryngeal nerve and probably also wdth the cardiac nerves.
The spinal portion is firm in texture. Its superficial origin is by several
filaments from the lateral tract of the cord, as low down as the sixth cervical
nerve.
Its deep origin may be traced to the intermedio-lateral tract of the grey
matter of the cord. This portion of the nerve ascends between the ligamentum
denticulatum and the posterior roots of the spinal nerves, enters the skull through
the foramen magnum, and is then directed outwards to the jugular foramen,
through which it passes, lying in the same sheath as the pneumogastric, but
separated from it by a fold of the arachnoid. In the jugular foramen, it receives
one or two filaments from the accessory portion. At its exit from the jugular

or Spinal Accessory

:

:

foramen,

it

passes backwards, either in front of or behind the internal jugular

and descends obliquely behind the Digastric and Stylo-hyoid muscles to the
upper part of the Sterno-mastoid. It pierces that mu.scle, and passes obliquely

vein,

across the occipital triangle, to terminate in the deep surface of the Trapezius.
This nerve gives several branches to the Sterno-mastoid during its passage
through it, and joins in its substance with branches from the second cervical,
which supply the muscle. In the occipital triangle it joins with the second and
third cervical nerves and assists in the formation of the cervical plexus.
Beneath
the Trapezius it joins with the third and fourth cervical nerves to form a sort of
plexus, from which fibres are distributed to the muscle.

—

Surgical Anatomy. In cases of spasraodic torticollis in which all previous palliative
treatment has failed, and the spasms are so severe as to undermine the j)atient's health,
division or excision of a portion of the spinal accessory nerve has been resorted to.
This
may be done either along the anterior or posterior border of the Sterno-mastoid muscle.
The former operation is performed by making an irfcision from the apex of the mastoid
process, three inches in length, along the anterior border of the Sterno-mastoid muscle.
The anterior border of the muscle is defined and pulled backwards, so as to stretch the
nerve, which is then to be sought for, beneath the Digastric muscle, about two inches below
the apex of the mastoid process. The other operation consists in making an incision along
the posterior border of the muscle, so that the centre of the incision corresponds to the
middle of this border of the muscle. The superficial structures having been divided and
the border of the muscle defined, the nerve is to be sought for as it emerges from the
muscle to cross the occipital triangle. When found, it is to be traced upwards through
the muscle, and a portion of it excised above the point where it gives off its branches to
the Sterno-mastoid.
In this operation one of the descending branches of the superficial
cervical plexus is liable to be mistaken for the nerve.

Twelfth Pair
The Twelfth

497, 498)

Nerve is the motor nerve of the tongue.
by several filaments, from ten to fifteen in number.

or Hypoglossal

Its superficial origin is

(figs.
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from the groove between the pyramidal and oHvary bodies, in a continuous Hne
with the anterior roots of the spinal nerves. Its deep origin can be traced to a
nucleus of grey matter on the floor of the fourth ventricle, on either side of the
median line, extending from the level of the auditory striae to the lowest point of
the ventricle of Arantius.
The filaments of this nerve are collected into two bundles, which perforate
the dura mater separately, opposite the anterior condyloid foramen, and unite
together after their passage through it. In those cases in which the anterior

condyloid foramen in the occipital bone is double, these two portions of the nerve
The nerve
are separated by the small piece of bone which divides the foramen.
descends almost vertically to a point corresponding with the angle of the jaw. It
is at first deeply seated beneath the internal carotid artery and internal jugular
vein, and intimately connected with the pneumogastric nerve; it then passes
forwards between the vein and artery, and lower down in the neck becomes
The nerve then loops round the occipital
superficial below the Digastric muscle.
Fig. 498.

— Plan of the hypoglossal nerve.

(After Flower.)

To GEMIO-HYO-GLOSSUS'
TO GANGLION OP
TRUNK OF lOT-X

&EN10-HYOID

HYPOGLOSSAt.

oMO-Myo:o
ANT. part)

STERNOHYOID

FROM SECON
CERVICAL

CERVICAL

n=:r.ve

and crosses the external carotid below the tendon of the Digastric muscle.
passes beneath the Mylo-hyoid muscle, lying between it and the Hyo-glossus,

artery,
It

and communicates

at the anterior border of the latter

(gustatory) nerve

it is

muscle with the lingual
then continued forwards in the fibres of the Genio-hyoglossus muscle as far as the tip of the tongue, distribu.ting branches to its
;

substance.

The branches

of

communication

Pneumogastric.
Sympathetic.

are,

with the

and second cervical nerves.
Lingual (gustatory).
First

The communication with the pneumogastric takes place close to the exit of
numerous filaments passing between the hypoglossal

the nerve from the skull,
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sometimes the two nerves are united
communicates with the pharyngeal plexus by a
minute filament as it winds round the occipital artery.
The communication with the sympathetic takes place opposite the atlas by
branches derived from the superior cervical ganglion, and in the same situation
the nerve is joined by a filament derived from the loop connecting the first two

and lower ganglion

of the

so as to form one mass.

pneumogastric

;

It also

cervical nerves.

The communication with the lingual (gustatory) takes place near the anterior
border of the Hj^o-glossus muscle by numerous filaments which ascend upon it.
The branches of.distribution are, the
Meningeal.

Descendens hypoglossi.
Fia. 499.

Thyro-hyoid.
Muscular.

—Hypoglossal nerve, cervical plexus, and their branches.

—

Meningeal branches. As the hypoglossal nerve passes through the anterior
condyloid foramen it gives off, according to Luschka, several filaments to the
dura mater in the posterior fossa of the base of the skull.
The descendens hypoglossi is a long slender branch, which quits the hypoIt descends obliquely across
glossal where it turns round the occipital artery.
the sheath of the carotid vessels, and joins the communicating branches from
the second and third cervical nerves, just below the middle of the neck, to form
a loop.
From the convexity of this loop branches pass forwards to supply the
Sterno-hyoid, Sterno-thyroid, and both bellies of the Omo-hyoid. According to
Arnold, another filament descends in front of the vessels into the chest, and
joins the cardiac and phrenic nerves.
The descendens hypoglossi is occasionally
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contained in the sheath of the carotid vessels, being sometimes placed over, and
sometimes beneath the internal jugular vein.
The thyro-hyoid is a small branch, arising from the hypoglossal near the
it passes obliquely across the great cornu
posterior border of the Hyo-glossus
of the hyoid bone, and supplies the Thyro-hyoid muscle.
The muscular branches are distributed to the Stylo-glossus, Hyo-glossus,
Genio-hyoid, and Genio-hyo-glossus muscles. At the under surface of the tongue
numerous slender branches pass upwards into the substance of the organ to
supply its muscular structure.
;

Surgical Anatomy.

—The

hypoglossal nerve

ligature of the lingual artery (see page 562).

It

is an important guide in the operation of
runs forwards just above the great cornu of

the hyoid bone, and forms the upper boundary of the triangular space in which the artery
to be sought for.

is

THE SPINAL NEEVES
The

spinal nerves are so called because they take their origin from the spinal
and are transmitted through the intervertebral foramina on either side of
the spinal column.
There are thirty-one pairs of spinal nerves, which are
cord,

arranged into the following groups, corresponding to the region
through which they pass

of

the spine

:

Cervical

8 pairs

Dorsal

12

Lumbar
Sacral

.

.

.

'

Coccygeal
It will

,,

5

"

5

.>

I

pair

be observed that each group of nerves corresponds in

number with the

and coccygeal.
by two roots, an anterior or motor

vertebrae in that region, except the cervical

Each

spinal nerve arises

root,

and a

posterior or sensory root.

EOOTS OF THE SpINAL NeRVES

—

The Anterior Roots. The superficial origin is from a longitudinal area upon the
column of the cord, opposite to the anterior cornu of grey matter,

antero-lateral

by an almost continuous series of filaments each nerve root being comprised of
from four to eight filaments.
The deep origin can be traced to the anterior part of the antero-lateral column
the roots, after penetrating horizontally through the longitudinal fibres of this
tract, enter the grey substance, where their fibrils diverge in several directions
some, passing inwards, are continued across the anterior "commissure in front of
;

;

:

the central canal, to become continuous with the axis-cylinder processes of the
large cells of the anterior cornu of the opposite side
others terminate in the
mesial group of cells of the anterior column of the same side other fibrils pass
outioards, some to become continuous with the axis-cylinder processes of the
group of cells in the lateral part of the anterior column and others enter the
lateral column of the same side, where, turning upwards, they pursue their
course as longitudinal fibres. The remaining fibrils pass hackivards to the posterior horn, where they are continuous with the axis-cylinders of the cells at the
base of the posterior cornu.
;

;

;

—

The Posterior Roots. The superficial origin is from the postero-lateral fissure
The deep origin is from the grey substance of the posterior cornu,
either directly through the substantia gelatinosa, or indirectly, by first passing
through the white matter of the posterior column and winding round in front
of the caput cornu.
Those which enter the grey matter at once, for the most part
turn upwards and downwards, and become continuous with the fine nerve-plexus
in the central portion of the grey matter
some few fibres pass transversely
of the cord.

;
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through the posterior commissure to the opposite side, and others into the anterior
cornu of the same side. Those fibres which enter the grey matter in front of the
caput cornu reach the posterior vesicular column (Clarke's column) and blend with
a few fibres passing through it, to become longitudinal in the posterior column
it
;

of the cord.

The anterior roots are smaller than the posterior, devoid of ganglionic enlargement, and their component fibrils are collected into two bundles, near the intervertebral foramina.
The posterior roots of the nerves are larger, but the individual filaments are
As their component fibrils
finer and more delicate than those of the anterior.
pass outwards, towards the aperture in the dura mater, they coalesce into two
bundles, receive a tubular sheath from that membrane, and enter the ganglion
which is developed upon each root.
The posterior root of the first cervical nerve forms an exception to these
It is smaller than the anterior, has frequently no ganglion devecharacters.
loped upon it, and when the ganglion exists it is often situated within the dura
mater.
Ganglia of the Spinal Neeves

A

developed upon the posterior root of each of the spinal nerves.
they bear a proportion
of an oval form, and of a reddish colour
in size to the nerves upon which they are formed, and are placed in the intervertebral foramina, external to the point where the nerves perforate the dura
mater. Each ganglion is bifid internally, where it is joined by the two bundles
of the posterior root, the two portions being united into a single mass externally.
The ganglion upon the first and second cervical nerves forms an exception to
these characters, being placed on the arches of the vertebrae over which the
nerves pass. The ganglia, also, of the sacral nerves are placed within the spinal
canal and that on the coccygeal nerve, also in the canal, about the middle of its
ganglion

is

These ganglia are

;

;

posterior root.

DiSTBIBUTION OF THE SpINAL NeRVES

Immediately beyond the ganglion the two roots coalesce, their fibres intermingle, and the trunk thus formed passes out of the intervertebral foramen, and
divides into a posterior division for the supply of the posterior part of the body,
and an anterior division for the supply of the anterior part of the body each
;

containing fibres from both roots.
The posterior divisions of the spinal nerves are generally smaller than the
anterior they arise from the trunk resulting from the union of the roots, in the
and, passing backw^ards, divide into internal and external
intervertebral foramina
;

;

branches, which are distributed to the muscles and integument behind the spine.
The first cervical, the fourth and fifth sacral, and the coccygeal, do not divide
into external and internal branches.
The anterior divisions of the spinal nerves supply the parts of the body in
They are for the most part larger than
front of the spine, including the limbs.
this increase of size being proportioned to the larger
the posterior divisions
extent of structures they are required to supply. Each division is connected by
In the dorsal region the anterior divisions
slender filaments with the sympathetic.
of the spinal nerves are completely separate from each other, and are uniform
in their distribution
but in the cervical, lumbar, and sacral regions they form
intricate plexuses previous to their distribution.
;

;

Points op Emergence of the Spinal Nerves

The roots
downwards to

of the spinal

nerves from their origin in the cord run obliquely
from the intervertebral foramina the amount of

their point of exit

:
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obliquity varying in different regions of the spine, and being greater in the lower
than the upper part. The level of their emergence from the cord is within

certain limits variable, and of course does not correspond to the point of
emergence of the nerve from the intervertebral foramina. The accompanying
table, from Macalister, shows as accurately as can be shown the relation of these

points of origin from the spinal cord to the bodies

and spinous processes

of the

vertebrae.

Level of

Body

No. of Nerve

of

Level of tip
of Spine of

'

Level of

Body

Level of tip
of Spine of

No. of Nerve

of

1

C.

C.

I

^{

3

l"^.

3

4

4

5

2C.
3c.
4c.
5c.

6

5

6

7
8

D.

7

D.

I

I

6

c.

7

c.

I

d.

'>

2

3

—

3

4

2CI.

7

3cL
4d.
5d-

8

6

5

6

5

6
7

9
lO

lO
—
—

II

12

lo d.

I

II d.

[
\

d.

j

,

1

S.

i

7 A.

8d.
9d.

12

L.

II

1

I

4

1

D. 8
9

2

—

3

12 d.

4

1

5

1

_

I
)

'

L.

I

2

J

3

4

—
—

L. 2

I

r

L.

5

G.

I
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CEEVICAL NEEVES
The roots of the cervical nerves increase in size from the first to the fifth, and
then remain the same size to tlie eighth. The posterior roots bear a proportion
to the anterior as 3 to i, which is much greater than in any other region, the
In
individual filaments being also much larger than those of the anterior roots.
direction, the roots of the cervical are less oblique than those of the other spinal
The first cervical nerve is directed a little upwards and outwards the
nerves.
second is horizontal the others are directed obliquely downwards and outwards,
the lowest being the most oblique, and consequently longer than the upper, the
;

;

distance between their place of origin and their point of exit from the spinal
canal never exceeding the depth of one vertebra.

The trunk

of the first cervical nerve (suboccijntal) leaves the spinal canal,

between the occipital bone and the posterior arch of the atlas the second,
between the posterior arch of the atlas and the lamina of the axis and the
eighth (the last), between the last cervical and first dorsal vertebrae.
Each nerve, at its exit from the intervertebral foramen, divides into a posterior
and an anterior division. The anterior divisions of the four upper cervical nerves
form the cervical plexus. The anterior divisions of the four lower cervical nerves,
together with the first dorsal, form the brachial plexus.
;

;

Posterior Divisions of the Cervical Nerves

(fig.

500)

The

posterior division of the first cervical {suboccipital) nerve differs from
the posterior divisions of the other cervical nerves in not dividing into an internal

and external branch. It is larger than the anterior division, and escapes from
the spinal canal between the occipital bone and the posterior arch of the atlas,
lying behind the vertebral artery.
It enters the suboccipital triangle formed by
the Eectus capitis posticus major, the Obliquus superior, and Obliquus inferior,
and supplies the Eecti and Obliqui muscles, and the Complexus. From the

branch which supphes the Inferior oblique a filament is given off which joins
the second cervical nerve. This nerve also occasionally gives off a cutaneous

CEEVICAL
filament,
occipitalis

The

which accompanies the occipital
major and minor nerves.

posterior division of the

artery,
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and communicates with the

second cervical nerve

is

three or four times

greater than the anterior division, and the largest of all the posterior cervical
It emerges from the spinal canal between the posterior arch of the
divisions.

and lamina of the axis, below the Inferior oblique. It supplies this muscle,
and receives a communicating filament from the first cervical. It then divides
into an internal and an external branch.
atlas

Fig. 500.

—Posterior divisions of the upjper cervical nerves.
..'t"

^""54
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The internal branch, called, from its size and distribution, the occipitalis major,
ascends obliquely inwards between the Obliquus inferior and Complexus, and
pierces the latter muscle and the Trapezius near their attachments to the cranium
It is now joined by a filament from the posterior division of the third cervical
nerve, and, ascending on the back part of the head with the occipital artery,
divides into two branches, which supply the integument of the scalp as far
forwards as the vertex, communicating with the occipitalis minor. It gives off
an auricular branch to the back part of the ear, and muscular branches to the

;
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The

Complexus.

is often joined by the external branch of the
and supphes the Splenius, Trachelo-mastoid, and

external branch

posterior division of the third,

Complexus.

The

posterior division of the third cervical is smaller than the preceding, but
it differs from the posterior divisions of the remaining

larger than the fourth

;

cervical nerves in its supplying an additional filament, the third occipital nerve,
The posterior division of the third nerve, like
to the integument of the occiput.

The internal branch
the others, divides into an internal and external branch.
passes between the Complexus and Semispinalis, and, piercing the Splenius and
the external branch joins
Trapezius, supplies the skin over the latter muscle
with that of the posterior division of the second to supply the Splenius, Trachelo;

mastoid, and Complexus.
The third occipital nerve arises from the internal or cutaneous branch beneath
the Trapezius it then pierces that muscle, and supplies the skin on the lower
and back part of the head. It lies to the inner side of the occipitalis major, with
;

which

it is

connected.

and the internal branches of
the posterior divisions of the second and third cervical nerves are occasionally
joined beneath the Complexus by communicating branches.
This communication
is described by Cruveilhier as the jMsterior cervical p)lexus.
The posterior divisions of the fourth, fifth, sixth, seventh, and eighth cervical

The

posterior division of the suboccipital nerve

nerves (fig. 507) pass backwards, and divide, behind the Intertransversales
muscles, into internal and external branches. The internal branches, the larger,
are distributed differently in the upper and lower part of the neck.
Those derived
from the fourth and fifth nerves pass between the Complexus and Semispinalis
muscles, and, having reached the spinous processes, perforate the aponeurosis of
the Splenius and Trapezius, and are continued outwards to the integument over
the Trapezius, whilst those derived from the three lowest cervical nerves are the
smallest, and are placed beneath the Semispinalis colli, which they supply, and
then pass into the Interspinales, Multifidus spinas and Complexus, and send
twigs through this latter muscle to supply the integument near the spinous
processes (Hirschfeld). The external branches supply the muscles at the side of
the neck, viz. the Cervicalis ascendens, Transversalis colli, and Trachelo-mastoid.

Antebior Divisions of the Cervical Nerves

The anterior division of the first or suboccipital nerve is of small size. It
escapes from the spinal canal through a groove upon the posterior arch of the
In this groove it lies beneath the vertebral artery, to the inner side of the
atlas.
Eectus capitis lateralis. As it crosses the foramen in the transverse process of
the atlas, it receives a filament from the sympathetic. It then descends, in front
of this process, to communicate with an ascending branch from the second
cervical nerve.

Communicating filaments from this nerve join the pneumogastric, the hypoand sympathetic, and some branches are distributed to "the Eectus
According to Valentin, the anterior division
lateralis and the two Anterior recti.
glossal,

of the suboccipital also distributes filaments to the occipito-atlantal articulation,

and mastoid process

The

of the

temporal bone.

anterior division of the second cervical nerve escapes from the spinal

canal, between the posterior arch of the atlas and the lamina of the axis, and,
passing forwards on the outer side of the vertebral artery, divides in front of the
Intertransverse muscle, into an ascending branch, which joins the first cervical
and one or two descending branches which join the third. It gives off the small
occipital
a branch to assist in forming the great auricu^lar
another to assist
in forming the superficial cervical
one of the communicantes hypoglossi, and a
filament to the Sterno-mastoid, which communicates in the substance of the
muscle with the spinal accessory.
;

;

;

CERVICAL
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anterior division of the third cervical nerve

is

double the size of the

At its exit from the intervertebral foramen, it passes downwards and
outwards beneath the Sterno-mastoid, and divides into two branches. The
ascending branch joins the anterior division of the second cervical the descending branch passes down in front of the Scalenus anticus, and communicates
preceding.

;

with the fom-th. It gives off the greater part of the great auricular and superficial cervical nerves
one of the communicantes hypoglossi a branch to the
supraclavicular nerves a filament to assist in forming the phrenic and muscular
branches to the Levator anguli scapulae and Trapezius
this latter nerve communicates beneath the muscle with the spinal accessory. Sometimes the nerve
to the Scalenus medius is derived from this source.
;

;

;

;

;

Fig. 501.

— Plan of the cervical plexus.
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The anterior

division of the fourth cervical

is of

same

the

size as the preceding.

a branch from the third, sends a communicating branch to the fifth
cervical, and, passing downwards and outwards, divides into numerous filaments,
It receives

which cross the posterior triangle of the neck, forming the supraclavicular nerves.
It gives a branch to the phrenic nerve, whilst it is contained in the intertransverse
space, and sometimes a branch to the Scalenus medius muscle.
It also gives a
branch to the Levator anguli scapulae and to the Trapezius, which unites with
the branch given off from the third nerve, and communicates beneath the muscle
with the spinal accessory.
The anterior divisions of the
are

remarkable for their large

fifth,

size.

sixth, seventh,

They

are

and eighth cervical nerves
larger than the preceding

much

3G

—

;
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nerves, and are

all of

equal

They

size.

assist in the formation of the brachial

plexus.

Cervical Plexus

The cervical plexus (fig. 501) is formed by the anterior divisions of the four
upper cervical nerves. It is situated opposite the four upper cervical vertebrae,
resting upon the Levator anguli scapulae and Scalenus medius muscles, and
covered in by the Sterno-mastoid.
Its branches may be divided into two groups, superficial and deei:i, which may
be thus arranged
:

[Occipitalis minor.

'Ascending

-

.

Auricularis magnus.

[Superficialis colli.

Superficial
(

Descending

.

Supraclavicular

.

-1

[

Suprasternal.
Supraclavicular.

Supra-acromial.

Communicating.
(

Internal

Deep

Mi^scular.

Communicans

hypoglossi.

Phrenic.

External

Communicating.
Muscular.

SUPEEFICIAL BeANCHES OF THE CeEVICAL PlEXUS

The Occipitalis minor (fig. 507, page 833) arises from the second cervical nerve
curves round the posterior border of the Sterno-mastoid, and ascends, running
parallel to the posterior border of the muscle, to the back part of the side of the
head. Near the cranium it perforates the deep fascia, and is continued upwards
along the side of the head behind the ear, supplying the integument, and communicating with the occipitalis major, the auricularis magnus, and with the posterior
it

auricular branch of the facial.

This nerve gives off an a/uricular branch, which supplies the integument of the
upper and back part of the auricle, communicating with the mastoid branch of the
auricularis magnus.
This branch is occasionally derived from the great occipital
nerve.
The occipitalis minor varies in size it is occasionally double.
The Auricularis Magnus is the largest of the ascending branches. It arises
from the second and third cervical nerves, viands round the posterior border of the
Sterno-mastoid, and, after perforating the deep fascia, ascends upon that muscle
beneath the Platysma to the parotid gland, where it divides into facial, auricular,
and mastoid branches.
The facial branches pass across the parotid, and are distributed to the integument of the face over the parotid gland others penetrate the substance of the
gland, and communicate with the facial nerve.
The auricular branches ascend to supply the integument of the back part of
the pinna, except at its upper part, communicating with the auricular branches of
the facial and pneumogastric nerves.
The mastoid branch communicates with the occipitalis minor and the posterior
auricular branch of the facial, and is distributed to the integument behind the
;

;

ear.

The Superficialis Colli arises from the second and third cervical nerves, turns
round the posterior border of the Sterno-mastoid about its middle, and, passing
obliquely forwards beneath the external jugular vein to the anterior border of
that muscle, perforates the deep cervical fascia, and divides beneath the Platysma
into two branches, which are distributed to the antero-lateral parts of the neck.
The ascending branch gives a filament which accompanies the external jugular
vein
it then passes upwards to
the submaxillary region, and divides into
branches, some of which form a plexus with the cervical branches of the facial
;

.
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nerve beneath the Platysma others pierce that muscle, supply it, and are distributed to the integument of the upper half of the neck, at its fore part, as high as
;

the chin.

The descending branch
and

pierces the Platysma,

more

filaments)

distributed to the integument of the side

and front

(occasionally represented by two or
is

neck, as low as the sternum.
The Descendnig or supraclavicular branches arise from the third and fourth
emerging beneath the posterior border of the Sterno-mastoid,
cervical nerves
of the

:

they descend in the interval between tha,t muscle and the Trapezius, and divide
into branches, which are arranged, according to their position, into three
groups.

The inner

or suprasternal branches cross obliquely over the clavicular

sternal attachments of the Sterno-mastoid,

the

and supply the integument as

and

far as

median line
The middle or supraclavicular branches

cross the clavicle, and supply the
integument over the Pectoral and Deltoid muscles, communicating with the
cutaneous branches of the upper intercostal nerves.
The external or supra-acromial branches pass obliquely across the outer
surface of the Trapezius and the acromion, and supply the integument of the
upper and back part of the shoulder.

Deep Branches of the Ceevical Plexus.
The communicating' branches

Internal Series

consist of several filaments,

which pass from

the loop between the first and second cervical nerves in front of the atlas to
and a communicating branch
the pneumogastric, hypoglossal, and sympathetic
;

between the fourth and fifth cervical.
Muscular branches supply the Anterior recti and Pectus lateralis muscles
they proceed from the first cervical nerve, and from the loop formed between it
and the second.
The Communicans Hypoglossi (fig. 49.9) consists usually of two filaments, one
being derived from the second, and the other from the third cervical. These
•filaments pass downwards on the outer side of the internal jugular vein, cross in
front of the vein a little below the middle of the neck, and form a loop with the
descendens hypoglossiin front of the sheath of the carotid vessels (see page 811).
;

Occasionally, the junction of these nerves takes place within the sheath.
The Phrenic Nerve {internal respiratory of Bell) arises chiefly from the fourth
cervical nerve with a few filaments from the third and a communicating branch
from the fifth. It descends to the root of the neck, running obliquely across the
front of the Scalenus anticus, passes over the first part of the subclavian artery,

and the subclavian vein, and, as it enters the chest, crosses the internal
its origin.
Within the chest, it descends nearly vertically
in front of the root of the lung, and by the side of the pericardium, between it
and the mediastinal portion of the pleura, to the Diaphragm, where it divides into
branches, which separately pierce that muscle, and are distributed to its under

'between

it

mammary

artery near

surface.

The two phrenic nerves

differ in their length,'

and

also in their relations at

the upper part of the thorax.

The

right nerve

is

than the left
'Superior vena cava.
'direction

The

left

situated
;

it

lies

deeply, and is shorter and more vertical in
on the outer side of the right vena innominata and

more

rather longer than the right, from the inclination of the
and from the Diaphragm being lower on this than on the
At the upper part of the thorax, it crosses in front of the arch of

nerve

is

heart to the left side,

opposite side.
the aorta to the root of the lung.

Each nerve
chest

is

supplies filaments to the pericardium and pleura, and near the
joined by a filament from the sympathetic, and, occasionally,, by one from
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the union of the descendens hypoglossi with the spinal nerves this filanjent is
found, according to Swan, only on the left side. It is also usually connected by a
filament with the nerve to the Subclavius muscle. Branches have been described
as passing to the peritoneum.
From ihe right nerve, one or two filaments pass to join in a small ganglion
:

with phrenic branches of the solar plexus and branches from this ganglion are
distributed to the hepatic plexus, the suprarenal capsule, and inferior vena cava.
From the left nerve, filaments pass to join the phrenic plexus of the sympathetic,
but without any ganglionic enlargement.
:

Deep Branches of the Cervical Plexus.

External Series

—

Communicating branches. The deep branches of the external series of the
communicate with the spinal accessory nerve, in the substance of
the Sterno-mastoid miiscle, in the occipital triangle, and beneath the Trapezius.
Muscular branches are distributed to the Sterno-mastoid, Trapezius, Levator
anguli scapulae, and Scalenus medius.
The branch for the Sterno-mastoid is derived from the second cervical, the
Trapezius and Levator anguli scapulae receive branches from the third and
fourth.
The Scalenus medius is supplied sometimes from the third, sometimes
the fourth, and occasionally from both nerves.

cervical plexus

The Brachial Plexus

(fig.

502)

The Brachial Plexus is formed by the union of the anterior branches of the
four lower cervical and the greater part of the first dorsal nerves, receiving also
a fasciculus from the fourth cervical nerve. It extends from the lower part of
the side of the neck to the axilla. It is very broad, and presents little of a
plexiform arrangement at its commencement. It is narrow opposite the clavicle,

becomes broad, and forms a more dense interlacement in the axilla, and divides
opposite the coracoid process into numerous branches for the supply of the upper
limb.
The nerves which form the plexus are all similar in size, and their mode
of communication is subject to considerable variation, so that no one plan can be
given as applying to every case.
The following appears, however, to be the most
constant arrangement. The fifth and sixth cervical unite together soon after
their exit from the intervertebral foramina to form a common trunk.
The eighth
cervical and first dorsal also unite to form one trunk.
So that the nerves forming
the plexus, as they lie on the Scalenus medius, external to the outer border of
the Scalenus anticus, are blended into three trunks an outer one formed by the
junction of the fifth and sixth cervical nerves
a middle one, consisting of the
seventh cervical nerve and an inner one formed by the junction of the eighth
cervical and first dorsal nerves.
As they pass beneath the clavicle, each of these
three trunks divides into two branches, an anterior and a 'posterior.
The anterior
divisions of the outer and middle trunks then unite to form a common cord,
which is situated on the outer side of the middle part of the axillary artery, and
is called the outer cord of the brachial plexus.
The anterior division of the inner
trunk, formed by the union of the eighth cervical and first dorsal, passes down
on the inner side of the axillary artery in the middle of the axilla, and forms the
inner cord of the brachial plexus. The posterior divisions of the outer trunk
(formed by the junction of the fifth and sixth nerves) and of the middle trunk
(the seventh nerve) unite together to form the posterior cord of the brachial
:

;

;

plexus,

which

is

situated behind the second portion of the axillary artery.

From

two low^er subscapular nerves the upper
subscapular nerve being given off from the posterior division of the outer trunk
The
prior to its junction with the posterior division of the middle trunk.
The
posterior cord divides into the circumflex and musculo-spiral nerves.
musculo-spiral nerve is subsequently joined by the posterior division of the inner
trunk, formed by the union of the eighth cervical and first dorsal.
this posterior cord are given off the

;

BEACHIAL PLEXUS
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brachial plexus communicates with the cervical plexus

by a branch from

the fourth to the fifth nerve, and with the phrenic nerve by a branch from the
the
fifth cervical, which joins that nerve on the Anterior scalenus muscle
cervical and first dorsal nerves are also joined by filaments from the middle and
:

inferior cervical ganglia of the sympathetic, close to their exit

from the

inter-

vertebral foramina.

—

In the neck, the brachial plexus lies at first between the Anterior
Relations.
and Middle scaleni muscles, and then above and to the outer side of the subclavian artery it then passes behind the clavicle and Subclavius muscle, lying
upon the first serration of the Serratus magnus, and the Subscapularis muscles.
In the axilla it is placed on the outer side of the first portion of the axillary
artery it surrounds the artery in the second part of its course, one cord lying
:

;

Fig. 502.
FROM

— Plan of the brachial plexus.
JLTH

1

RHOMBOID
SUB-CLAVIAN

SUPRA-SCAPULAR
C.

WITH PHR

BRS TO LOMG
US COLLI &

EXT: ANT:

THORACIC

SCALEKII

SUB-SCAPULAR
e-SCAPULAR
151

DORSAL

CIRCUMFLEX

ipon the outer side of that vessel, one on the inner side, and one behind it and
it the lower part of the axillary space gives off its terminal branches to the upper
;

ixtremity.

nz.

—

Branches. The branches of the brachial plexus are arranged into two groups,
those given off above the clavicle, and those below that bone.

Branches above the Clavicle
Communicating.
Muscular.

Posterior thoracic.
Suprascapular.

The communicating branch with the phrenic is derived from the fifth cervical
from the loop between the fifth and sixth it joins the phrenic on the

lerve or

(interior

;

scalenus muscle.

:

:
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The muscular branches supply the Longus colli, Scaleni, Rhomboidei, and
Subclavius muscles. Those for the Longus colli and Scaleni arise from the lower
The rhomboid
cervical nerves at their exit from the intervertebral foramina.
branch arises from the fifth cervical, pierces the Scalenus medius, and passes
beneath the Levator anguli scapulae, which it occasionally supplies, to the
Rhomboid muscles. The nerve to the Subclavius is a small filament, which
arises from the fifth cervical at its point of junction with the sixth nerve
it
descends in front of the subclavian artery to the Subclavius muscle, and is usually
connected by a filament with the phrenic nerve.
The posterior thoracic nerve {long thoracic, external respiratory of Bell)
(fig. 505) supplies the Serratus magnus, and is remarkable for the length of its
course.
It sometimes arises by two roots, from the fifth and sixth cervical nerves
immediately after their exit from the intervertebral foramina, but generally by
These unite in the substance
three roots from the fifth, sixth, and seventh nerves.
of the Middle scalenus muscle, and, after emerging from it, the nerve ]passes
down behind the brachial plexus and the axillary vessels, resting on the outer
It extends along the side of the chest to the
surface of the Serratus magnus.
lower border of that muscle, supplying filaments to each of its digitations.
The suprascapular nerve (fig. 506) arises from the cord formed by the fifth
and sixth cervical nerves passing obliquely outwards beneath the Trapezius, it
enters the supraspinous fossa, through the notch in the upper border of the
scapula and, passing beneath the Supraspinatus muscle, curves in front of the
In the supraspinous fossa it
spine of the scapular to the infraspinous fossa.
gives off two branches to the Supraspinatus muscle, and an articular filament to
the shoulder- joint and in the infraspinous fossa it gives off two branches to the
Infraspinatus muscle, besides some filaments to the shoulder- joint and scapula.
;

;

;

;

Branches below the Clavicle
The branches given off below the clavicle are derived from the three cords of
the brachial plexus, in the following manner
From the outer cord arise the external of the two anterior thoracic nerves, the
musculo-cutaneous nerve, and the outer head of the median.
From the inner cord arise the internal of the two anterior thoracic nerves, the
:

internal cutaneous, the lesser internal cutaneous (nerve of Wrisberg), the ulnar

and inner head

From

of the

median.

two of the three subscapular nerves, the third
from the posterior division of the trunk formed by the fifth and sixth
the cord then divides into the musculo -spiral and circumflex
cervical nerves
nery^.
These may be arranged according to the parts they supply
the 'posterior cord arise

arising
^

;

**

To the
rn

chest

.

„

,-,

1

1

.

Anterior thoracic.
Subscapular.
-inn
.

.

(

-1

To the shoulder
i.n

p

.

.

.

^

,

iUnxumnex.

/Musculo-cutaneous.
Internal cutaneous.
Lesser internal cutaneous.

^

lo the arm, forearm, and hand

.

\-|\/r

j-

Ulnar.
'-Musculo-spiral.

The fasciculi of which these nerves are composed may be traced through the
plexus to the spinal nerves from which they originate. They are as follows
External anterior thoracic from 5th^ 6th, and 7th cervical.
Internal anterior thoracic
8th cervical and ist dorsal.
,,
Subscapular
5th, 6th, 7th, and 8th cervical.
,,
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Circumflex
from 5th, 6th, 7th, and 8th cervical.
Musculo-cutaneous
5th, 6th, and 7th cervical.
„
Internal cutaneous
8th cervical and ist dorsal.
Lesser internal cutaneous
ist dorsal.
Median
6th, 7th, and 8th cervical, and ist dorsal.
Ulnar
8th cervical and ist dorsal.
Musculo-spiral
6th, 7th, and 8th cervical
sometimes also
from the 5 th.
;

The Anterior Thoracic Nerves
muscles.

(fig.

505),

two

in

number, supply the Pectoral

The external or superficial nerve, the larger of the two, arises from the outer
cord of the brachial plexus, through which its fibres may be traced to the fifth,
sixth, and seventh cervical nerves.
It passes inwards, across the axillary artery
and vein, pierces the costo-coracoid membrane, and is distributed to the under
surface of the Pectoralis major.
It sends down a communicating filament to join
the internal nerve, which forms a loop round the inner side of the axillary artery.
The internal or deep nerve arises from the inner cord, and through it from
the eighth cervical and first dorsal.
It passes upwards between the axillary
artery and vein, and joins with the filament from the superficial nerve.
It then
passes to the under surface of the Pectoralis minor muscle, where it divides into
a number of branches, which supply the muscle on its under surface.
Some of
the branches pass through the muscle others wind round its upper border and
pierce the costo-coracoid membrane to supply the Pectoralis major.
The Subscapular Nerves, three in number, supply the Subscapularis, Teres
major, and Latissimus dorsi muscles. The fasciculi of which they are composed
may be traced to the fifth, sixth, seventh, and eighth cervical nerves.
The upper subscajjular nerve, the smallest, enters the upper part of the Sub;

scapularis muscle.

The lower subscapular nerve
and terminates

enters the axillary border of the Subscapularis,

in the Teres major.

The

latter

muscle

is

sometimes supphed by

a separate branch.

The middle or long suhscapular, the largest of the three, follows the course of
the subscapular artery, along the posterior wall of the axilla to the Latissimus
dorsi, through which it may be traced as far as its lower border.
The Circumflex Nerve (fig. 506) supplies some of the muscles, and the integument of the shoulder, and the shoulder-joint. It arises from the posterior cord

common with the musculo-spiral nerve, and its fibres
be traced through the posterior cord to the fifth, sixth, seventh, and eighth
cervical nerves.
It is at first placed behind the axillary artery, between it and
the Subscapularis muscle, and passes downwards and outwards to the lower
border of that muscle. It then winds backwards, in company with the posterior
circumflex artery, through a quadrilateral space, bounded above by the Teres
minor, below by the Teres major, internally by the long head of the Triceps, and
externally by the neck of the humerus, and divides into two branches.
The iipper branch mnds round the surgical neck of the humerus, beneath the
Deltoid, with the posterior circumflex vessels, as far as the anterior border of
that muscle, supplying it, and giving off cutaneous branches, which pierce the
of the brachial plexus, in

may

muscle and ramify in the integument covering

its

lower part.

Teres minor and
former muscle a
back
gangliform enlargement usually exists. The nerve then pierces the deep fascia,
and supplies the integument over the lower two-thirds of the posterior surface
of the Deltoid, as well as that covering the long head of the Triceps.
The circumflex nerve, before its division, gives off an articular filament, which
lotcer branch, at its origin, distributes filaments to the
part of the Deltoid muscles. Upon the filament to the

The

enters the shoulder-joint below the Subscapularis.
The Musculo-cutaneous Nerve (fig. 505) {external cutaneous

or perforans
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Casserii)* supplies some of the muscles of the arm, and the
integument of the
forearm.
It arises from the outer cord of the brachial plexus,
opposite the
lower border of the Pectoralis minor, receiving filaments from the fifth,
sixth, and
seventh cervical nerves.
It perforates the Coraco-brachiahs
muscle, passes
obliquely between the Biceps and Brachiahs anticus, to the outer
side of the

—

Fig, 503.
Cutaneous nerves of right
upper extremity. Anterior view.

arm, and, a

—

Fig. 504.
Cutaneous nerves of right
upper extremity. Posterior view.

above the elbow, winds round the outer border of the tendon
deep fascia, becomes cutaneous. This nerve,
its course through the arm, supplies the
Coraco-brachiahs, Biceps, and part
of the Brachiahs anticus muscles. The
branch to the Coraco-brachialis is given
Httle

of the Biceps, and, perforating the

m

*

See foot-note,

p. 782.

MUSCULO-CUTANEOUS
Fig. 505.

— Nerves of the

left
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upper extremity.
Exte') nal anterior thoracic

Internal anterior thoracic

\n

--

Mitsculo-cutaneous

Median

Muscii lo-spiral

— Posterior
interosseous

Hadial

Anterior
interosseous

Deep

hr

.
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off

from the nerve close

to its origin,

ment from the outer cord
Brachialis anticus
brachialis.

are

The nerve

and

of the plexus.

given

off

after

in

some instances as a separate filaThe branches to the Biceps and

the nerve

has

pierced

the

Coraco-

which enters the
and a filament, from the branch

also sends a small branch to the bone,

nutrient foramen with the accompanying artery,
supplying the Brachialis anticus, to the elbow- joint.

The cutaneous portion
vein,

and

of

the nerve passes

divides, opposite the elbow-joint, into

behind the median cephalic
an anterior and a posterior

branch.

The
wrist,

anterior branch descends along the radial border of the forearm to the

and supplies the integument over the outer half

At the wrist-joint it
piercing the deep

of the anterior surface.

placed in front of the radial artery, and some filaments,
fascia, accompany that vessel to the back of the wrist,
supplying the carpus. The nerve then passes downwards to the ball of the
thumb, where it terminates in cutaneous filaments.
It communicates with
a branch from the radial nerve, and the palmar cutaneous branch of the
median.
The iMsterior branch passes downwards, along the back part of the radial side
of the forearm, to the wiist. It supplies the integument of the lower third of the
forearm, communicating with the radial nerve and the external cutaneous branch
of the musculo-spiral.
The Internal Cutaneous Nerve (fig. 505) is one of the smallest branches of
the brachial plexus.
It arises from the inner cord in common with the ulnar
and internal head of the median, and, at its commencement, is placed on the
inner side of the axillary, and afterwards of the brachial artery. It derives its
fibres from the eighth cervical and first dorsal nerves.
It passes down the inner
side of the arm, pierces the deep fascia with the basilic vein, about the middle
of the limb, and, becoming cutaneous, divides into two branches, anterior and
is

posterior.
off, near the axilla, a cutaneous filament, which pierces the
and supplies the integument covering the Biceps muscle, nearly as far as
the elbow. This filament lies a little external to the common trunk, from which

This nerve gives

fascia

it

arises.

The anterior branch, the larger of the two, passes usually in front of, but
occasionally behind, 'the median basilic vein.
It then descends on the anterior
surface of the ulnar side of the forearm, distributing filaments to the integument
as far as the wrist, and communicating with a cutaneous branch of the ulnar
nerve.

The

posterior branch passes obliquely

downwards on the inner

side of the

condyle of the humerus to
the back of the forearm, and descends on the posterior surface of its ulnar side
as far as the wrist, distributing filaments to the integument.
It communicates,
above the elbow, with the lesser internal cutaneous, and above the waist with
the dorsal cutaneous branch of the ulnar nerve (Swan).
The Lesser Internal Cutaneous Nerve {nerve of Wrisberg) is distributed to
the integument on the inner side of the arm (fig. 505). It is the smallest of the
branches of the brachial plexus, and arising from the inner cord, with the
internal cutaneous and ulnar nerves, receives its fibres from the first dorsal
nerve.
It passes through the axillary space, at first lying behind, and then on
the inner side of the axillary vein, and communicates with the intercostohumeral nerve. It descends along the inner side of the brachial artery to the
middle of the arm, where it pierces the deep fascia, and is distributed to the
integument of the back part of the lower third of the arm, extending as far as
the elbow, where some filaments are lost in the integument in front of the inner
condyle, and others over the olecranon.
It communicates with the posterior
branch of the internal cutaneous nerve.
In some cases the nerve of Wrisberg and intercosto-humeral are connected

basilic vein, passes in front of, or over, the internal
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by two or three filaments, which form a plexus at the back part of the axiUa. In
other cases, the intercosto-humeral is of large size, and takes the place of
the
nerve of Wrisberg, receiving merely a filament of communication from the
brachial plexus, which represents the latter nerve.
In other cases, this filament
is wanting, the place of the nerve of Wrisberg being supplied
entirely from the
intercosto-humeral.

The Median Nerve (fig. 505) has received its name from the course it takes
along the middle of the arm and forearm to the hand, lying between the ulnar
and the musculo-spiral and radial nerves. It arises by two roots, one from the
outer, and one from the inner cord of the brachial plexus
these embrace the
lower part of the axillary artery, uniting either in front or on the outer side of
;

that vessel.
.

and the

It receives filaments

As

from the

sixth, seventh,

and eighth

cervical

descends through the arm, it Hes at first on the outer
side of the brachial artery, crosses that vessel in the middle of its course, usually
in front, but occasionally behind it, and hes on its inner side to the bend of the
elbow, where it is placed beneath the bicipital fascia, and is separated from the
elbow-joint by the Brachiahs anticus. In the forearm it passes between the two
heads of the Pronator radii teres, and descends beneath the Plexor subHmis,
lying on the Flexor profundus, to within two inches above the annular ligament,
where it becomes more superficial, lying between the tendons of the Flexor
subhmis and Flexor carpi radiaUs, beneath, and rather to the radial side of, the
tendon of the Palmaris longus, covered by the integument and fascia. It then
passes beneath the annular ligament into the hand. In its course through the
forearm it is accompanied by a small artery.
Branches. No branches are given off from the median nerve in the arm. In
the forearm its branches are, muscular, anterior interosseous, and palmar
cutaneous, and, according to Elidinger and Macahster, two articular twigs to the
first dorsal.

it

—

elbow-joint.

The muscular branches supply all the superficial muscles on the front of the
forearm, except the Flexor carpi ulnaris. These branches are derived from the
nerve near the elbow. The branch furnished to the Pronator radii teres often
arises above the joint.

The anterior interosseous supplies the deep muscles on the front of the
forearm, except the inner half of the Flexor profundus digitorum. It accompanies the anterior interosseous artery along the interosseous membrane, in
the interval between the Flexor longus poUicis and Flexor profundus digitorum
muscles, both of which

it

supplies,

and terminates below

in

the Pronator

quadratus.

The palmar cutaneous branch arises from the median nerve at the lower part
the forearm.
It pierces the fascia above the annular ligament, and
descending over that ligament, divides into two branches of which the outer
supplies the skin over the ball of the thumb, and communicates with the
anterior cutaneous branch of the musculo-cutaneous nerve
and the inner
of

:

;

supplies the integument of the

palm

of the

hand, communicating with the

cutaneous branch of the ulnar.
In the palm of the hand, the median nerve

is covered by the integument and
and crossed by the superficial palmar arch. It rests upon the
tendons of the flexor muscles. In this situation it becomes enlarged, somewhat
flattened, of a reddish colour, and divides into two branches.
Of these, the
external supplies a muscular branch to some of the muscles of the thumb, and
digital branches to the thumb and index finger
the internal supplies digital
branches to the contiguous sides of the index and middle, and of the middle and

palmar

fascia,

;

ring fingers.

The branch to the 7nuscles of the thumb is a short nerve, which divides
supply the Abductor, Opponens, and outer head of the Flexor brevis pollicis
muscles; the remaining muscles of this group being supplied by the ulnar

to

nerve.

:
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The digital branches are five in number. The first and second pass along the
borders of the thumb, the external branch communicating with branches of the
The tJiird passes along the radial side of the index finger, and
radial nerve.
The fourth subdivides to supply the
supplies the First lumbrical muscle.
adjacent sides of the index and middle fingers, and sends a branch to the Second
lumbrical muscle. The fifth supplies the adjacent sides of the middle and ring
fingers, and communicates with a branch from the ulnar nerve.
Each digital nerve, opposite the base of the first phalanx, gives off a dorsal
branch, which joins the dorsal digital nerve from the radial, and runs along the
side of the dorsum of the finger, to end in the integument over the last phalanx.
At the end of the finger, the digital nerve divides into a palmar and a dorsal
branch the former of which supplies the extremity of the finger, and the latter
The digital nerves, as they run along the
ramifies round and beneath the nail.
fingers, are placed superficial to the digital arteries.
The Ulnar Nerve (fig. 505) is placed along the inner or ulnar side of the upper
limb, and is distributed to the muscles and integument of the forearm and hand.
It is smaller than the median, behind which it is placed, diverging from it in its
course down the arm. It arises from the inner cord of the brachial plexus, in
:

common

with the inner head of the median and the internal cutaneous nerve,
At its
its fibres from the eighth cervical and first dorsal nerves.
commencement it hes at the inner side of the axillary artery, and holds the same
From this point it
relation with the brachial artery to the middle of the arm.
runs obliquely across the internal head of the Triceps, pierces the internal intermuscular septum, and descends to the groove between the internal condyle and
the olecranon, accompanied by the inferior profunda artery. At the elboiv, it
rests upon the back of the inner condyle, and passes into the forearm between
the two heads of the Flexor carpi ulnaris. In the forearm, it descends in a
perfectly straight course along its ulnar side, lying upon the Flexor profundus
digitorum, its upper half being covered by the Flexor carpi ulnaris, its lower half
lying on the outer side of the muscle, covered by the integument and fascia.
The ulnar artery, in the upper third of its course, is separated from the ulnar
nerve by a considerable interval but in the rest of its extent the nerve lies to its
inner side. At the ivrist the ulnar nerve crosses the annular ligament on the
outer side of the pisiform bone, to the inner side, and a little behind the ulnar
artery, and immediately beyond this bone divides into two branches, superficial
and deep palmar.
The branches of the ulnar nerve are

and derives

;

/Articular (elbow).

Muscular.

Tj-uf
in the forearm n
Cutaneous.
t

<,

_

,

„

]t>,

The

•

n

i

Deep palmar.

,

Dorsal cutaneous.

V Articular

^

buperncial palmar,
Tj-ui^jf
in the hand
1

(wrist).

articular branches distributed to the elbow-joint consist of several small

They arise from the nerve as it lies in the groove between the inner
condyle and olecranon.
The muscular branches are two in number one supplying the Flexor carpi
ulnaris the other, the inner half of the Flexor profundus digitorum.
They arise
from the trunk of the nerve near the elbow.
The cutaiieous branch arises from the ulnar nerve about the middle of the
forearm, and divides into two branches.
One branch (frequently absent) pierces the deep fascia near the wrist, and is
distributed to the integument, communicating with a branch of the internal
cutaneous nerve.
The second branch {palmar cutaneous) lies on the ulnar artery, which it
accompanies to the hand, some filaments entwining round the vessel it ends in
the integument of the palm, communicating with branches of the median nerve.
filaments.

:

;

;
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The dorsal cutaneous branch arises about two inches above the wrist; it
passes backwards beneath the Flexor carpi ulnaris, perforates the deep fascia,
and, running along the ulnar side of the back of the wrist and hand, divides into
branches; one of these supplies the inner side of the httle finger; a second
supplies the adjoining sides
of the little and ring fingers
Fig. 506. -The suprascapular, circumflex, and
a third joins the branch of
musculo-spiral nerves.
the radial nerve which supSiipras
plies the adjoining sides of
the middle and ring fingers,
and assists in supplying
them a fourth is distributed
to the metacarpal region of
the hand, communicating
with a branch of the radial
;

;

Circumflex

nerve.

The

artictdar filaments to

the ivrist are also supplied by
the ulnar nerve.

The

palmar

superficial

branch supplies the Palmaris
brevis, and the integument
on the inner side'of the hand,
and terminates in two digital
branches, which are distributed, one to the ulnar
side of the little finger, the

other to the adjoining sides
of the little and ring fingers,
the latter
communicating

with a branch from the
median. The digital branches
are distributed to the fingers
in the

same manner

digital

branches

as the

of

the

median.

The deep palmar branch
passes between the Abductor
and Flexor brevis minimi
digiti muscles, and follows
the course of the deep palmar
arch beneath the flexor tendons.
At its origin it supplies the muscles of the little
finger. As it crosses the deep
part of the hand, it sends
two branches

to each interosseous space, one for the
Dorsal and one for the
Palmar interosseous muscle,
the branches to the Second
and Third palmar interossei
supplying filaments to the
two inner Lumbrical muscles. At its termination between the thumb and index
finger, it supplies the Adductores transversus et obliquus pollicis and the inner
head of the Flexor brevis pollicis.
It will be remembered that the inner part of the Flexor profundus digitorum
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supplied by the ulnar nerve the two inner Lumljricales, which are connected
with the tendons of this part of the muscle, are therefore supplied l)y the same
The outer part of the Flexor profundus is supplied by the median nerve
nerve.
the two outer Lumbricales, which are connected with the tendons of this part of
the muscle, are therefore supplied by the same nerve. Brooks states that in
twelve instances out of twenty-one he found that the third lumbrical received a
twig from the median nerve, in addition to its branch from the ulnar.
The Musculo-spiral Nerve (fig. 506), the largest branch of the brachial jplexus,
supplies the muscles of the back part of the arm and forearm, and the integument
It arises from the
of the same parts, as well as that of the back of the hand.
posterior cord of the brachial plexus by a common trunk with the circumflex
nerve, and is afterwards joined by the posterior division of the trunk formed by
is

;

:

the junction of the eighth cervical and first dorsal nerves. It receives filaments
sixth, seventh, and eighth, and sometimes also from the fifth cervical
At its commencement it is placed behind the axillary and upper part of
nerves.

from the

the brachial arteries, passing down in front of the tendons of the Latissimus
It winds round the humerus in the musculo-spiral
dorsi and Teres major.
groove with the superior profunda artery, passing from the inner to the outer

between the internal and external heads of the Triceps muscle.
intermuscular septum, and descends between the Brachialis
anticus and Supinator longus to the front of the external condyle, where it
divides into the radial and posterior interosseous nerves.
The branches of the musculo-spiral nerve are
side of the bone,

It pierces the external

:

Muscular.
Cutaneous.

Eadial.

Posterior interosseous.

The muscular branches are divided into internal, posterior, and external they
supply the Triceps, Anconeus, Supinator longus. Extensor carpi radialis longior,
and Brachialis anticus. These branches are derived from the nerve, at the inner
side, back part, and outer side of the arm.
The internal muscular branches suppl}' the inner and middle heads of the
Triceps muscle. That to the inner head of the Triceps is a long, slender filament,
which lies close to the ulnar nerve, as far as the lower third of the arm, and is
often intimately connected w^ith it.
The posterior muscular bi'anch, of large size, arises from the nerve in the
groove between the Triceps and the humerus. It divides into branches, which
supply the outer head of the Triceps and Anconeus muscles. The branch for
the latter muscle is a long, slender filament, which descends in the substance of
the Triceps to the Anconeus.
The external muscular branches supply the Supinator longus, Extensor carpi
;

radialis longior,

The
The

and

(usually) the outer part of the Brachialis anticus.

cutaneoiis branches are three in

number, one internal and two external.

internal cutaneous branch arises in the axillary space, with the inner

muscular branch.

small size, and passes through the axilla to the inner
integument on its posterior aspect nearly as far
course it crosses beneath the intercosto-humeral, with

It is of

side of the arm, supplying the

as the olecranon.

In

its

which it communicates.
The two external cutaneous branches perforate the outer head of the Triceps,
at its attachment to the humerus.
The upper and smaller one passes to the
front of the elbow, lying close to the cephalic vein, and supplies the integument
of the lower half of the arm on its anterior aspect.
The lower branch pierces
the deep fascia below the insertion of the Deltoid, and passes down along the
outer side of the arm and elbow, and then along the back part of the radial side
of the forearm to the wrist, supplying the integument in its course, and joining,
near its termination, with the posterior cutaneous branch of the musculocutaneous nerve.
The radial nerve passes along the front of the radial side of the forearm to

—
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the commencement of its lower third.
It hes at first a httle to the outer side of
the radial artery, concealed beneath the Supinator longus.
In the middle third
of the forearm, it lies beneath the same muscle, in close relation with the outer
It quits the artery about three inches above the wrist, passes
side of the artery.
beneath the tendon of the Supinator longus, and, piercing the deep fascia at the

outer border of the forearm, divides into two branches.
The external branch, the smaller of the two, supphes the integument of the
radial side and ball of the thumb, joining with the anterior branch of the musculo-

cutaneous nerve.

The internal branch communicates, above the wrist, with the posterior
cutaneous branch from the musculo-cutaneous, and, on the back of the hand,
forms an arch with the dorsal cutaneous branch of the ulnar nerve. It then
divides into

three

digital

nerves, which are

supplies the ulnar side of the

thumb and

distributed as follows
the
the radial side of the index finger

first

:

the
second, the adjoining sides of the index and middle fingers
and the third, the
adjacent borders of the middle and ring fingers.* The latter nerve communicates
with a filament from the dorsal branch of the ulnar nerve.
The Posterior Interosseous Nerve winds to the back of the forearm round the
;

;

outer side of the radius, passes between the two planes of fibres of the Supinator
and is prolonged downwards between the superficial and deep layer of

brevis,

muscles, to the middle of the forearm.

Considerably diminished in size, it
descends on the- in,terosseous membrane, beneath the Extensor longus pollicis, to
the back of the carpus, where it presents a gangliform enlargement from which
filaments are distributed to the ligaments and articulations of the carpus. It
supplies all the muscles of the radial and posterior brachial regions, excepting
the Anconeus, Supinator longus, and Extensor carpi radialis longior.

—

Surgical Anatomy. The brachial plexus may be ruptured by traction on the limb,
leading to complete paralysis. In these cases the lesion would appear to be rather a tearing
away of the nerves from the spinal cord, than a solution of continuity of the nerve-fibres
themselves. In the axilla, any of the nerves forming the brachial plexus may be injured
in a wound of this part, the median being the one which is most frequently damaged from
its exposed position
and the musculo-spiral, on account of its sheltered and deep position,
being the least often wounded. The brachial plexus in the axilla is often damaged from
the pressure of a crutch, producing the condition known as crutch paralysis.' In these
cases the musculo-spiral appears to be the nerve which is most frequently implicated
to the greatest extent
the ulnar nerve being the one that appears to suffer next in
frequency.
The circumflex nerve is of particular surgical interest. On account of its course round
the joint, it is liable to be torn in fractures of the surgical neck of the humen^s and in
dislocations of the shoulder -joint, leading to paralysis of the deltoid, and, according to Ei-b,
inflammation of the shoulder-joint is liable to be followed by a neuritis of this nerve from
extension of the inflammation to it.
Mr. Hilton takes the circumflex nerve as an illustration of a law which he lays down,
that the same trunks of nerves whose branches supply the groups of muscles moving a
joint, furnish also a distribution of nerves to the skin over the insertions of the same
muscles, and the interior of the joint receives its nerves from the same source.' In this
way he explains the fact that an inflamed joint becomes rigid, because the same nerves
which supply the interior of the joint supply the muscles also which move that joint.
The median nerve is liable to injury in wounds of the forearm. When paralysed,
there is loss of flexion of the second phalanges of all the fingers, and of the terminal
phalanges of the index and middle fingers. Flexion of the terminal phalanges of the ring
and middle fingers is effected by that portion of the Flexor profundus digitorum which is
supplied by the ulnar nerve. There is power to flex the proximal phalanges through the
Interossei.
The thumb cannot be flexed or opposed, and is maintained in a position of
extension and adduction. All power of pronation is lost. The wrist can be flexed, if
the hand is first adducted, by the action of the Flexor carpi ulnaris. There is loss or
impairment of sensation on the palmar surface of the thumb, index, middle, and outer half
of ring fingers, and on the dorsal surface of the same fingers over the last two phalanges
except in the thumb, where the loss of sensation would be limited to the back of the last
;

'

;

'

;

* According to Hutchinson, the digital nerve to the thumb reaches only as high as the
the one to the forefinger as high as the middle of the second phalanx
and the one to the middle and ring fingers not higher than the first phalangeal joint.
London Has. Gaz. vol. iii. p. 319.
root of the nail

:

:
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phalanx. In order to expose the median nerve, for the purpose of stretching, an incision
should be naade along the radial side of the tendon of the Palmaris longus, which serves
as a guide to the nerve.
The ulnar nerve is also liable to be injured in wounds of the forearm. When paralysed,
there is loss of power of flexion in the ring and little fingers there is impaired power of
ulnar flexion and adduction there is inability to spread out the fingers from paralysis of
the Interossei and there is mability to adduct the thumb. Sensation is lost, or impaired, in
the skin supplied by the nerve. In order to expose the nerve in the lower part of the
forearm, an incision should be made along the outer border of the tendon of the Flexor
carpi ulnaris, and the nerve will be found lying on the ulnar side of the ulnar artery.
The musculo-spiral nerve is probably more frequently injured than any other nerve of
the upper extremity. In consequence of its close relationship to the humerus, as it lies
in the musculo -spiral groove, it is frequently torn or injured in fractures of this bone, or
subsequently involved in the callus that may be thrown out around a fracture and thus
pressed upon and its functions interfered with. It is also liable to be contused against
the bone by kicks or blows, or to be divided by wounds of the arm. When paralysed,
the hand is flexed at the wrist and lies flaccid. This is known as drop wrist.' The
fingers are also flexed, and on an attempt being made to extend them, the last two
phalanges only will be extended, tln-ough the action of the Interossei the first phalanges
remaining flexed. There is no power of extending the wrist. Supination is completely
lost when the forearm is extended on the arm, but is possible to a certain extent if the
forearm is flexed so as to allow of the action of the Biceps. The power of extension of
the forearm is lost on account of paralysis of the Triceps. The best position in which to
expose the nerve, for the purpose of stretching, is to make an incision along the inner border
of the Supinator longus, just above the level of the elbow-joint. The skin and superficial
this structure
structures are to be divided and the deep fascia exposed. The white line
indicating the border of the muscle is to be defined, and the deep fascia divided in this line.
By now raising the Supinator longus, the nerve will be found lying beneath it, on the
;

;

;

'

;

m

Brachialis anticus.
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dorsal nerves are twelve in

between the first and second dorsal
and first lumbar.

(fig.

507)

number on each

vertebrae,

and the

side.

last

The

first

between the

appears

last dorsal

The roots of the dorsal nerves are of small size, and vary but slightly from the
second to the last. Both roots are very slender the posterior roots only slightly
They gradually increase in length from
exceeding the anterior in thickness.
above downwards, and pass down in contact with the spinal cord for a distance
equal to the height of, at least, two vertebrae, in the lower part of the dorsal region,
They then join in the intervertebral
before they emerge from the spinal canal.
foramen, and, at their exit, divide into two primary divisions, a posterior (dorsal)
and an anterior (intercostal).
The first and last dorsal nerves are peculiar in some respects.
;

PosTEEioE Divisions of the Doesal Nerves

The

divisions of the dorsal nerves, which are smaller than the
backwards between the transverse processes, and divide into internal

posterior

anterior, pass

and external branches.

The

internal branches of the six upper nerves pass inwards between the Semiand Multifidus spinse muscles, which they supply
and then,

spinalis dorsi

;

piercing the origins of the Ehomboidei and Trapezius muscles,

by the

side of

become cutaneous
the spinous processes and ramify in the integument. The internal

branches

of the six lower nerves are distributed to the Multifidus spinas, without
giving off any cutaneous filaments.

The external branches increase in size from above downwards. They pasS'
through the Longissimus dorsi, to the cellular interval between it and the Iliocostalis, and supply those muscles, as well as their continuations upwards to the
head, and the Levatores costarum
the five or six lower nerves also give ofif
cutaneous filaments, which pierce the Serratus posticus inferior and Latissimus
dorsi, in a line with the angles of the ribs, and then ramify in the integument.
The cutaneous branches of the dorsal nerves are twelve in number. The six
;

DOESAL
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507.— Superficial and deep distribution of the posterior branches of the spinal nerves
Hirschfeld and Leveille). On the left side the cutaneous branches are
represented

(after

lyuig on the superficial layer of muscles.
On the right side the superficial nauscles have
been removed, the Spleums capitis and Complexus divided
the neck, and the Erector
spmse divided and partly removed in the back, so as to expose the posterior divisions
of
the spinal nerves near their origin.

m

eta. Lesser occipital nerve

from tlie oerviual plexus, i. External muscular branches of the first cervical nerve, and
union by a loop ^\'ith the second. 2. Placed on the Rectus capitis posticus major muscle, marks the great occipital
nerve, passing round the short muscles and piercing the Complexus: the external branch is seen to the outside.
3. External branch from the posterior division of the third nerve.
3'. Its internal branch, sometimes called the third
occipital.
4' to S'. The internal branches of the several corresponding nerves on the left side.
The external
branches of these nerves, proceeding to muscles, are displayed on the right side, d 1 to d 6 and thence to d 12.
External muscular branches of the posterior divisions of the 12 dorsal nerves on the right side, d 1' to d 6'. The
Internal cutaneous branches of the six upper dorsal nerves on the left side, d 7' to d 12'. Cutaneous twigs from the
external branches of the six lower dorsal nerves. I I. External branches from the posterior divisions of several
lumbar nerves on the right side, piercing the muscles, the lower descending over the gluteal region. I' V. The
same, more superficially, on the left side, "s s. The issue and union by loops of the posterior divisions of four sacral
nerves on the right side, s' s'. Some of those distributed to the skin on the left side.
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upper cutaneous nerves are derived from the internal branches
divisions of the dorsal nerves.

They

pierce the origins of the

of the posterior

Rhomboidei and

Trapezius muscles, and become cutaneous by the side of the spinous processes,
and then ramify in the integument. They are frequently furnished with gangliform enlargements. The six lower cutaneous nerves are derived from the external
branches of the posterior divisions of the dorsal nerves. They x^ierce the Serratus
posticus inferior and Latissimus dorsi, in a line with the angles of the ribs, and
then ramify in the integument.

Anterior Divisions of the Dorsal Nerves

The anterior divisions of the dorsal nerves {intercostal nerves) are twelve in
number on each side. They are, for the most part, distributed to the parietes of
the thorax and abdomen, separately from each other, without being joined in a
plexus in which respect they differ from the other spinal nerves. Each nerve
;

connected with the adjoining ganglia of the sympathetic by one or two filaments. The intercostal nerves may be divided into two sets, from the difference
they present in their distribution. The six upper, with the exception of the first
and the intercosto-humeral branch of the second, are limited in their distribution
The six lower supply the parietes of the chest and
to the parietes of the chest.
abdomen, the last one sending a cutaneous filament to the hip.
is

—

The first dorsal nerve. The anterior division of the first dorsal nei-ve divides
two branches one, the larger, leaves the thorax in front of the neck of the
the other and
first rib, and enters into the formation of the brachial plexus

into

:

;

smaller branch runs along the first intercostal space, forming the first intercostal
nerve, and terminates on the front of the chest, by forming the first anterior
cutaneous nerve of the thorax. Occasionally this anterior cutaneous branch is
wanting. The first intercostal nerve as a rule gives off no lateral cutaneous
branch but sometimes a small branch is given off, which communicates with the
intercosto-humeral. It frequently receives a connecting twig from the second
dorsal nerve, which passes upwards over the neck of the second rib.
The upper dorsal nerves. The anterior divisions of the second, third, fourth,
fifth, and sixth dorsal nerves and the small branch from the first dorsal are
confined to the parietes of the thorax, and are named upper oy pjcctoral intercostal
They pass forwards in the intercostal spaces with the intercostal vessels,
nerves.
being situated below them. At the back of the chest they lie between the pleura
and the External intercostal muscles, but are soon placed between the two planes
They then enter the
of Intercostal muscles as far as the middle of the rib.
substance of the Internal intercostal muscles, and, running amidst their fibres as
far as the costal cartilages, they gain the inner surface of the muscles and lie
between them and the pleura. Near the sternum, they cross the internal mammary artery and Triangularis sterni muscle, pierce the Internal intercostal and
Pectoralis major muscles, and supply the integument of the front of the chest
;

—

and over the mammary gland, forming the anterior cutaneous nerves of the thorax
the branch from the second nerve becoming joined with the supraclavicular nerves
;

of the cervical plexus.

Branches.

— Numerous slender muscular filaments supply the Intercostals, the

Infracostales, the Levatores costarum, Serratus posticus superior,
sterni muscles.

Some

and Triangularis

of these branches, at the front of the chest, cross the costal

from one to another intercostal space.
Lateral cutaneous nerves. These are derived from the intercostal nerves,
midway between the vertebrge and sternum they pierce the External intercostal
and Serratus magnus muscles, and divide into two branches, anterior and
cartilages

—

;

posterior.

The anterior branches are reflected forwards to the side and the fore part of
the chest, supplying the integument of the chest and mamma, and the upper
digitations of the External oblique.
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are reflected backwards, to supply the integument over

and over the Latissimus dorsi.
The lateral cutaneous branch of the second intercostal nerve is of laro-e size,
and does not divide, like the other nerves, into an anterior and posterior branch.
It is named, from its origin and distribution, the intercosto-humeral nerve (fig.
505).
the scapula

It pierces the External intercostal muscle, crosses the axilla to the inner side of
the arm, and joins with a filament from the nerve of Wrisberg. It then pierces
the fascia, and supplies the skin of the upper half of the inner and back part of
the arm, communicating with the internal cutaneous branch of the musculo-spiral
The size of this nerve is in inverse proportion to the size of the other
nerve.
cutaneous nerves, especially the nerve of Wrisberg. A second intercosto-humeral

nerve is frequently given off from the third intercostal. It supphes filaments to
the armpit and inner side of the arm.
The lower dorsal nerves. The anterior divisions of the seventh, eighth, ninth,
tenth, and eleventh dorsal nerves are continued anteriorly from the intercostal
spaces into the abdominal wall, and the twelfth dorsal is continued throughout
its whole course in the abdominal wall, since it is placed below the last rib
hence
these nerves are named lower or abdominal intercostal nerves. They have (with
the exception of the last) the same arrangement as the upper ones as far as the
anterior extremities of the intercostal spaces, where they pass behind the costal
cartilages, and between the Internal oblique and Transversalis muscles, to the
sheath of the Eectus, which they perforate. They supply the Eectus muscle, and
terminate in branches which become subcutaneous near the linea alba. These
branches are named the anterior cutaneous nerves of the abdomen. They are
directed outwards as far as the lateral cutaneous nerves, supplying the integument of the front of the belly. The lower intercostal nerves supply the Intercostals, Serratus posticus inferior, and Abdominal muscles, and, about the middle
of their course, give off lateral cutaneous branches, which pierce the External
intercostal and External oblique muscles, in the same line as the lateral
cutaneous nerves of the thorax, and divide into anterior and posterior branches,
which are distributed to the integument of the abdomen and back, the anterior
branches passing nearly as far forwards as the margin of the Eectus the
posterior branches passing backwards to supply the skin over the Latissimus
dorsi, where they join the dorsal cutaneous nerves.
The last dorsal is larger than the other dorsal nerves. Its anterior division
runs along the lower border of the last rib in front of the Quadratus lumborum,
perforates the Transversalis, and passes forwards between it and the Internal
It
oblique, to be distributed in the same manner as the lower intercostal nerves.

—

;

:

communicates with the ilio-hypogastric branch of the lumbar plexus, and is
frequently connected with the first lumbar nerve by a slender branch, the clorsihimbar nerve, which descends in the substance of the Quadratus lumborum.

The

cutaneous branch of the lecst dorsal is remarkable for its large size
and External oblique muscles, passes downwards over
the crest of the ilium in front of the iliac branch of the ilio-hypogastric (fig. 514),
and is distributed to the integument of the front of the hip, some of its filaments
It does not divide into an
extending as low down as the trochanter major.
anterior and posterior branch like the other lateral cutaneous branches of the
it

lettered

;

perforates the Internal

intercostal nerves.

—

Surgical Anatomy. The lower seven intercostal nerves and the ilio-hypogastric
from the first hmibar nerve, supply the skin of the abdominal wall. They run downwards
and inwards fairly equidistant from each other. The sixth and seventh supply the skin
over the pit of the stomach
the eighth corresponds to about the position of the middle
hnea transversa the tenth to the umbilicus and the ilio-hypogastric supphes the skin
over the pubes and external abdominal ring. There are several points of surgical importance about the distribution of these nerves, and it is important to remember their origin
and course, for in many diseases affecting the nerve-trunks at or near the origin, the pain
Thus, in Pott's disease of the spine, chiklren
is referred to their peripheral terminations.
wiU often be brought to the surgeon suffering from pain in the belly. This is due to the
'

'

;

;

;

3

H

2

;
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fact that the nerves are irritated at the seat of disease as they issue from the spinal canal.
Wiien the irritation is confined to a single pair of nerves, the sensation complained of is
often a feeling of constriction, as if a cord were tied round the abdomen, and in these cases
the situation of the sense of constriction may serve to localise the disease in the spinal

In other cases where the bone disease is more extensive, and two or more nerves
more general diffused pain in the abdomen is complained of. A similar
condition is sometimes present in affections of the cord itself, as in tabes dorsalis.
Again, it must be borne in mind that the same nerves which supply the skin of
the abdomen supply also the planes of muscle, which constitute the gi-eater part of the
abdominal wall. Hence it follows that any irritation applied to the peripheral terminations of the cutaneous branches in the skin of the abdomen is immediately followed by
A good practical illustration of this may
reflex contraction of the abdominal muscles.
sometimes be seen in watching two surgeons examine the abdomen of the same patient.
One, whose hand is cold, causes the ixiuscles of the abdominal wall to at once contract and
the belly to become rigid, and thus not nearly so suitable for examination the other, who
has taken the precaution to warm his hand, examines the abdomen without exciting any
The supply of both muscles and skin from the same source is of
reflex contraction.
importance in protecting the abdominal viscera from injury. A blow on the abdomen,
even of a severe character, will do no injury to the viscera if the muscles are in a
condition of firin contraction whereas in cases where the muscles have been taken unawares,
and the blow has been struck while they were in a state of rest, an injury insufficient to
produce any lesion of the abdominal wall has been attended with rupture of some of the
abdominal contents. Tlie importance therefore of immediate reflex contraction upon the
receipt of an injury cannot be oA^er estimated, and the intimate association of the cutaneous
and muscular fibres in the same nerve produces a much more immediate response on the
part of the muscles to any peripheral stimulation of the cutaneous filaments than would
be the case if the two sets of fibres were derived from independent sources.
Again, the nerves supplying the abdominal muscles and skin derived from the lower
intercostal nerves are intimately connected with the sympathetic supplying the abdominal
viscera, through the lower thoracic ganglia from which the splanchnic nerves are derived.
In consequence of this, in laceration of the abdominal viscera and in acute peritonitis,
the muscles of the belly wall become firinly contracted, and thus as far as possible preserve
the abdominal contents in a condition of rest.

column.

are involved, a

;

;

LUMBAR NERVES
The lumbar nerves are five in number on each side. The first appears between
the first and second himbar vertebrae, and the last between the last lumbar and
the base of the sacrum.
The roots of the lumbar nerves are the largest, and their filaments the most
numerous, of all the spinal nerves, and they are closely aggregated together upon
the lower end of the cord.
The anterior roots are the smaller but there is not
the same disproportion between them and the posterior roots as in the cervical
;

The

nerves.

roots of these nerves have a vertical direction,

siderable length,

more

and are

of con-

especially the lower ones, since the spinal cord does not

lumbar vertebra. The roots become joined in the interand the nerves, so formed, divide at their exit into two
posterior and anterior.

extend beyond the

first

vertebral foramina;
divisions,

PosTEEiOE Divisions of the Lumbae Neeves

The

lumbar nerves (fig. 507) diminish in size from
they pass backwards between the transverse processes, and
divide into internal and external branches.
The internal branches, the smaller, pass inwards close to the articular
processes of the vertebrae, and supply the Multifidus spinse and Interspinales
muscles.
The external branches supply the Erector spin« and Intertransverse muscles.
Prom the three upper branches, cutaneous nerves are derived which pierce the
aponeurosis of the Latissimus dorsi muscle, and descend over the back part of
the crest of the ilium, to be distributed to the integument of the gluteal region
some of the filaments passing as far as the trochanter major.
posterior divisions of the

above downwards

;

—
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Anterior Divisions op the Lumbar Nerves

The

lumbar nerves increase in size from above
At their origin, they communicate with the lumbar gangha of the
sympathetic by long, slender filaments, which accompany the lumbar arteries
round the sides of the bodies of the vertebrae, beneath the Psoas muscle. The
nerves pass obhquely outwards behind the Psoas magnus, or between its fascicuh,
distributing filaments to it and the Quadratus lumborum.
The anterior divisions
of the four upper nerves are connected together in this situation by anastomotic
loops, and form the lumbar 'plexus.
The anterior division of the fifth lumbar,
joined with a branch from the fourth, descends across the base of the sacrum to
join the anterior division of the first sacral nerve, and assist in the formation of
The cord resulting from the union of the fifth lumbar and
the sacral plexus.
the branch from the fourth is called the lumho-sacral nerve.
anterior divisions of the

downwards.

Lumbar Plexus
formed by the loops of communication between the
upper lumbar nerves. The plexus is narrow above,
and often connected with the
Fig-. 508.— Plan of the lumbar plexus.
last dorsal by a slender branch,

The lumbar plexus

is

anterior divisions of the four

the dorsi-lumbar nerve

;

is

it

broad below, where it is joined
to the sacral plexus by the
lumbo-sacral cord. It is situated
in the substance of the Psoas
muscle near its posterior part,

nrL:

in front of the transverse pro-

cesses of the lumbar vertebrae.

The mode in which the plexus
formed is the following
The first lumbar nerve receives
a branch from the last dorsal,
and gives off a larger branch,
which subdivides into the iliohypogastric and ilio-inguinal a
communicating branch which
passes down to the second lumbar nerve and a third branch
which unites with a branch of
the second lumbar to form the
is

:

;

;

genito-cruralnerve.

The second,

and fourth lumbar nerves
divide into an anterior and posterior division.
The anterior
third,

division of

the second divides

two branches, one of which
joins with the above-mentioned
branch of the first nerve to form
into

the genito-crural

the other unites with the anterior division of the third nerve,
nerve to form the obturator
nerve.
The remainder of the anterior division of the fourth nerve passes down
to communicate with the fifth lumbar nerve.
The posterior divisions of the

and a part

;

of the anterior division of the fourth

second and third nerve divide into two branches, a smaller branch from each
uniting to form the external cutaneous nerve, and a larger branch from each,
which join with the whole of the posterior division of the fourth lumbar nerve
to

form the anterior

crural.

The accessory

obturator,

when

it

exists, is

formed
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by a small branch from the third nerve joining with a small branch from the
fourth.

From this arrangement it follows that the ilio-hyxDOgastric and ilio-inguinal
The genito-crural from the
are derived entirely from the first lumbar nerve.
The external cutaneous from the second and third. The
first and second nerves.
anterior crural and obturator by fibres derived from the second, third, and fourth.
And

the accessory obturator, when it exists, from the third and fourth.
of the lumbar plexus are, the

The branches

Ilio-hypogastric.

IHo-inguinal.
Genito-crural.

External cutaneous.
Anterior crural.
Obturator.

Accessory obturator.
Fig. 509.

— The lumbar plexiis and

its

branches.

The Ilio-hypogastric Nerve [superior musculo-cutaneous) arises from the first
lumbar nerve. It emerges from the outer border of the Psoas muscle at its
upper part, and crosses obliquely in front of the Quadratus lumborum to the
crest of the ilium.
It then perforates the Transversalis muscle at its posterior
part, near the crest of the ilium, and divides between it and the Internal oblique
into two branches, iliac and hypogastric.
The iliac branch pierces the Internal and External oblique muscles immediately above the crest of the ilium, and is distributed to the integument of the
gluteal region, behind the lateral cutaneous branch of the last dorsal nerve (fig.
The size of this nerve bears an inverse proportion to that of the cutaneous
514).
branch

of the last dorsal nerve.

LUMBAE PLEXUS
The hypogastric branch

(fig.

510) continues

obUque and Transversalis muscles.
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onwards between the Internal

then pierces the Internal obHque, and
near the middle line perforates the aponeurosis of the External oblique, about
an inch above, and a little to the outer side of the external abdominal ring, and
is distributed to the integument of the hypogastric region.
The iho-hypogastric nerve communicates with the last dorsal and iho-inguinal
It

nerves.

The

Nerve {inferior musculo -cutaneous), smaller than the prefrom the first lumbar nerve. It emerges from the outer
border of the Psoas just below the ilio-hypogastric, and, passing obhquely across
the Quadratus lumborum and Iliacus muscles, perforates the Transversalis, near
the "fore part of the crest of the ilium, and communicates with the ilio-hypogastric nerve between that muscle and the Internal oblique.
The nerve then
pierces the Internal oblique, distributing filaments to it, and accompanying the
spermatic cord through the inguinal canal, it escapes at the external abdominal
ring, and is distributed to the integument of the upper and inner part of the
thigh and to the scrotum in the male, and to the labium in the female. The
Ilio-inguinal

ceding, arises with

it

;

nerve is in inverse proportion to that of the ilio-hypogastric.
is very small, and ends by joining the ilio-hypogastric
in such
cases, a branch from the ilio-hypogastric takes the place of the ilio-inguinal, or
the latter nerve may be altogether absent.
The Genito-crural Nerve arises from the first and second lumbar nerves. It
passes obliquely through the substance of the Psoas, and emerges from its inner
border, close to the vertebral column, opposite the disc between the third and
fourth lumbar vertebrae it then descends on the surface of the Psoas muscle,
under cover of the peritoneum, and divides into a genital and crural branch.
The genital branch passes outwards on the Psoas magnus, and pierces the
fascia transversalis, or passes through the internal abdominal ring; it then
descends along the back part of the spermatic cord to the scrotum, and supplies,
in the male, the Cremaster muscle.
In the female, it accompanies the round
size

of

this

Occasionally

it

;

;

ligament, and

is lost

upon

it.

The

crural branch descends on the external iliac artery, sending a few filaments round it, and, passing beneath Poupart's ligament to the thigh, enters the
sheath of the femoral vessels, lying superficial and a little external to the femoral
artery.

It pierces the anterior layer of the

by passing through the

sheath of the vessels, and, becoming

it supplies the skin of the anterior
aspect of the thigh as far as midway between the pelvis and knee. On the front
of the thigh it communicates with the outer branch of the middle cutaneous
nerve, derived from the anterior crural.
A few filaments from this nerve may be traced on to the femoral artery they
are derived from the nerve as it passes beneath Povipart's ligament.

superficial

fascia lata,

;

arises from the second and third lumbar
emerges from the outer border of the Psoas muscle about its middle,
and crosses the Iliacus muscle obhquely, to the notch immediately beneath the
anterior superior spine of the ilium, where it passes under Poupart's ligament
into the thigh, and divides into two branches, anterior and posterior.
The anterior branch descends in an aponeurotic canal formed in the fascia
lata, becomes superficial about four inches below Poupart's ligament, and divides
into branches which are distributed to the integument along the anterior and
outer part of the thigh, as far down as the knee. This nerve occasionally communicates with a branch of the long saphenous nerve in front of the knee-joint.
The posterior branch pierces the fascia lata, and subdivides into branches
which pass backwards across the outer and posterior surface of the thigh, supplying the integument from the crest of the ilium as far as the middle of the thigh.
The Obturator Nerve suppHes the Obturator externus and Adductor muscles
of the thigh, the articulations of the hip and knee, and occasionally the integument of the thigh and leg. It arises by three branches from the second, the

The External Cutaneous Nerve

nerves.

It

:
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Fig. 510. Cutaneous nerves of lower
extremity. Front view.

Fig.

5

1

1.

— Nerves of the lower extremity.
Front view.

Anteizor crural

Anterior division
of obturator
Internal
cutaneous

Internal
sajphenous

vA

External
saphenous'
-Aniei'ior tibial
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and the fourth kimbar nerves. Of these the branch from the third is the
from the second is often very small. It descends through
the inner fibres of the Psoas muscle, and emerges from its inner border near the
brim of the pelvis it then runs along the lateral wall of the pelvis, above the
obturator vessels, to the upper part of the obturator foramen, where it enters
the thigh, and divides into an anterior and a posterior branch, separated by some
of the fibres of the Obturator externus (fig. 368), and lower down by the Adductor
third,

largest, whilst that

;

brevis muscle.

The anterior branch (fig. 511) passes down in front of the Adductor brevis,
being covered by the Pectineus and Adductor longus and at the lower border
of the latter muscle communicates with the internal cutaneous and internal
saphenous nerves, forming a kind of plexus. It then descends upon the femoral
;

artery,

upon which

it

is

finally distributed.

The

nerve, near the

obturator

an articular branch to the hip-joint. Behind the Pectineus, it
distributes muscular branches to the Adductor longus and Gracilis, and occasionally to the Adductor brevis, and in rare cases to the Pectineus, and receives
a communicating branch from the accessory obturator nerve.
Occasionally the communicating branch to the internal cutaneous and internal
saphenous nerves is continued down, as a cutaneous branch, to the thigh and
leg.
When this is so, this occasional cutan-eous branch emerges from beneath
the lower border of the Adductor longus, descends along the posterior margin of
the Sartorius to the inner side of the knee, where it pierces the deep fascia,
communicates with the long saphenou^s nerve, and is distributed to the integument
of the inner side of the leg as low down as its middle.
When this communicating
branch is small, its place is supplied by the internal cutaneous nerve.
The posterior branch of the obturator nerve pierces the Obturator externus,
sending branches to supply it, and passes behind the Adductor brevis on the
front of the Adductor magnus, where it divides into numerous muscular branches,
which supply the Adductor magnus, and occasionally the Adductor brevis. One
of the branches gives off a filament to the knee-joint.
The articular branch for the knee-joint perforates the lower part of the
Adductor magnus, and enters the popliteal space it then descends upon the
popliteal artery, as far as the back part of the knee-joint, where it perforates the
It gives filaposterior ligament, and is distributed to the synovial membrane.
ments to the artery in its course.
Accessory Obturator Nerve (fig. 509) is not constantly present. It is of small
size, and arises by separate filaments from the thh'd and fourth lumbar nerves.
It descends along the inner border of the Psoas muscle, crosses the ascending
ramus of the os pubis, and passes under the outer border of the Pectineus muscle,
where it divides into numerous branches. One of these supplies the Pectineus,
while a
penetrating its under surface another is distributed to the hip- joint
When this
third communicates with the anterior branch of the obturator nerve.
nerve is absent, the hip-joint receives two branches from the obturator nerve.
Occasionally it is very small and becomes lost in the capsule of the hip- joint.
The Anterior Crural Nerve (figs. 509, 511) is the largest branch of the lumbar
plexus.
It supplies muscular branches to the Iliacus, Pectineus, and all the
muscles on the front of the thigh, excepting the Tensor vaginae femoris cutaneous
filaments to the front and inner side of the thigh, and to the leg and foot and
It arises from the second, third, and
articular branches to the hip and knee.
fourth lumbar nerves.
It descends through the fibres of the Psoas muscle,
emerging from it at the lower part of its outer border and passes down between
it and the Ihacus, and beneath Poupart's hgament, into the thigh, where it
becomes somewhat flattened, and divides into an anterior part, which passes
superficial to the external circumflex vessels, and a posterior part which passes
beneath these vessels. Under Poupart's ligament, it is separated from the
femoral artery by the Psoas muscle, and lies beneath the iliac fascia.
Within the loelvis the anterior crural nerve gives off from its outer side some
foramen, gives

off

;

;

;

;

:

;

:

SPINAL NEEVES
small branches to the Iliacus, and a branch to the femoral artery, which is distributed upon the upper part of that vessel. The origin of this branch varies it
occasionally arises higher than usual, or it may arise lower down in the thigh.
External to the pelvis the following branches are given off
:

From

the Anterior Division

Middle cutaneous.

From the
Long

Posterior Division
saphenous.
Muscular.

Internal cutaneous.

Articular.

The middle cutaneous nerve (fig. 510) pierces the fascia lata (generally the
Sartorius also) about three inches below Poupart's ligament, and divides into two
branches, which descend in immediate proximity along the fore part of the thigh,
distributing numerous branches to the integument as low as the front of the
knee, where it communicates with the nervus cutaneus patellcB, a branch of the
internal saphenous nerve, helping to form the patellar plexus.
Its outer branch
communicates, above, with the crural branch of the genito-crural nerve and the
inner branch with the internal cutaneous nerve below. The Sartorius muscle
is supplied by this or the following nerve.
The internal cutaneous nerve passes obliquely across the upper part of the
sheath of the femoral artery, and divides in front, or at the inner side of that
vessel, into two branches, anterior and posterior or internal.
The anterior branch runs downwards on the Sartorius, perforates the fascia
lata at the lower third of the thigh, and divides into two branches one of which
supplies the integument as low down as the inner side of the knee the other
crosses to the outer side of the patella, communicating in its course with the
nervus cutaneus patellae, a branch of the internal saphenous nerve.
The posterior or internal branch descends along the inner border of the
Sartorius muscle to the knee, where it pierces the fascia lata, communicates with
the long saphenous nerve, and gives off several cutaneous branches. The nerve
then passes down the inner side of the leg, to the integument of which it is
distributed.
This nerve, beneath the fascia lata, at the lower border of the
Adductor longus, joins in a plexiform network by uniting with branches of the
long saphenous and obturator nerves (fig. 511).
When the communicating
branch from the obturator nerve is large and continued to the integument of the
leg, the inner branch of the internal cutaneous is small, and terminates at the
plexus, occasionally giving off a few cutaneous filaments.
The internal cutaneous nerve, before dividing, gives off a few filaments, which
pierce the fascia lata, to supply the integument of the inner side of the thigh,
accompanying the long saphenous vein. One of these filaments passes through
the saphenous opening a second becomes subcutaneous about the middle of the
thigh and a third pierces the fascia at its lower third.
;

:

;

;

;

The

is the largest of the cutaneous branches
approaches the femoral artery where this vessel passes
beneath the Sartorius, and lies on its outer side, beneath the aponeurotic covering of Hunter's canal, as far as the opening in the lower part of the Adductor
magnus. It then quits the artery, and descends vertically along the inner side
of the knee, beneath the Sartorius, pierces the fascia lata, opposite the interval
between the tendons of the Sartorius and Gracilis, and becomes subcutaneous.
The nerve then passes along the inner side of the leg, accompanied by the internal
saphenous vein, descends behind the internal border of the tibia, and, at the
lower third of the leg, divides into two branches one continues its course along
the margin of the tibia, terminating at the inner ankle the other passes in front
of the ankle, and is distributed to the integument along the inner side of the
foot, as far as the great toe, communicating with the internal branch of the
musculo-cutaneous nerve.
Branches. The long saphenous nerve about the middle of the thigh gives off

long or internal saphenous nerve

of the anterior crural.

It

:

;

—

;
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joins the plexus

formed by the obturator and

internal cutaneous nerves.

At the inner side of the knee it gives off a large branch {nervus cutaneus
which pierces the Sartorius and fascia lata, and is distributed to the integument in front of the patella. This nerve communicates above the knee with
the anterior branch of the internal cutaneous and with the middle cutaneous
below the knee, with other branches of the long saphenous and, on the outer
side of the joint, with branches of the external cutaneous nerve, forming a plexiform network, the plexus patellce.
The cutaneous nerve of the pateUa is
occasionally small, and terminates by joining the internal cutaneous, which

jjatellcB)

;

supplies

its

place in front of the knee.

Below the knee, the branches

of the long saphenous nerve are distributed
integument of the front and inner side of the leg, communicating with
the cutaneous branches from the internal cutaneous, or from the obturator

to the

nerve.

The muscular branches supply the Pectineus and

all the muscles on the front
Tensor vaginte femoris which is supplied from the superior
gluteal nerve, and the Sartorius which is supplied by filaments from the middle or
internal cutaneous nerves.
The branches to -the Pectineus, usually two in number, pass inwards behind
the femoral vessels, and enter the muscle on its anterior surface.
Sometimes
one of these nerves is given off in the pelvis, and is then often united with the

of the thigh, except the

accessory obturator.
The branch to the Bectus muscle enters its under surface high up, sending off
a small filament to the hip- joint.
The branch to the Vastus externus, of large size, follows the course of the
descending branch of the external circumflex artery to the lower part of the
muscle. It gives off an articular filament to the knee-joint.
The branch to the Vastus internus is a long branch which runs down on the
outer side of the femoral vessels in company with the internal saphenous nerve for
its upper part.
It enters the muscle about its middle, and gives off a filament,
which can usually be traced downwards on the surface of the muscle to the kneejoint.

The branch to the Crureus enters the muscle on its anterior surface about
the middle of the thigh, and sends a filament through the muscle to the Subcrureus.
The articular branch to the hip-joint is derived from the nerve to the
Rectus.

The

two in number. One, a long, slender
derived from the nerve to the Vastus externus. It penetrates the
capsular ligament of the joint on its anterior aspect. The other is derived from
the nerve to the Vastus internus. It can usually be traced downwards on the
surface of this muscle to near the joint it then penetrates the muscular fibres,
and accompanies the deep branch of the anastomotica magna artery, pierces
the capsular ligament of the joint on its inner side, and supplies the synovial
articular branches to the knee-joint are

filament,

is

;

membrane.

THE SACRAL AND COCCYGEAL NERVES
The sacral nerves are five in number on each side. The four upper ones pass
from the sacral canal, through the sacral foramina the fifth through the foramen
between the sacrum and coccyx.
The roots of the upper sacral {and lumbar) nerves are the largest of all the
;

whilst those of the lowest sacral and coccygeal nerve are the
are of very considerable length, being longer than those of any
of the other spinal nerves, on account of the spinal cord not extending beyond
From their great length, and the appearance they
the first lumbar vertebra.
spinal nerves
smallest.

;

They
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present in connection with the spinal cord, the roots of origin of these nerves are
called collectively the cauda equina.
Each sacral and coccygeal nerve separates into two divisions, posterior and
anterior.

The
size

posterior divisions of the sacral nerves

(fig.

from above downwards, and emerge, except the

512) are small, diminish in
last, from the sacral canal

by the posterior sacral foramina.
The three upper ones are covered, at their exit from the sacral canal, by the
Multifidus spinse, and divide into internal and external branches.
The internal branches are small, and supply the Multifidus spinae.
The external branches join with one another, and with the last lumbar and
fourth sacral nerves, by means of communicating loops.
These branches pass
outwards to the outer surface of the great sacro-sciatic ligament, where they form
Cutaneous branches from
a second series of loops beneath the Gluteus maximus.
Fig. 512.

—The posterior sacral nerves.

second series of loops, usually three in number, pierce the Gluteus maximus
one near the posterior inferior spine of the ilium another opposite the end of the
sacrum and the third midway between the other two. They supply the integu-

this

:

;

;

ment over the posterior part of the gluteal region.
The jJosterior divisions of the two loiver sacral nerves are situated below the
Multifidus spinae.
They are of small size, and do not divide into internal and
external branches, but join with each other, and with the coccygeal nerve, so as
to form loops on the back of the sacrum, filaments from which supply the Extensor
coccygis and the integument over the coccyx.
The coccygeal nerve divides into its anterior and posterior division in the
spinal canal.
The posterior division is the smaller. It does not divide, but
receives, as already mentioned, a communicating branch from the last sacral, and
the integument over the back of the coccyx.
anterior divisions of the sacral nerves diminish in size from above down-

is lost in

The
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The

four upper ones emerge from the anterior sacral foramina
the
fifth, after emerging from the spinal canal through its
terminal opening, curves forwards between the sacrum and the coccyx. All the
anterior sacral nerves communicate with the sacral ganglia of the sympathetic,
The first nerve, of large size, unites with
at their exit from the sacral foramina.

wards.

:

anterior division of the

the lumbo-sacral cord, formed by the fifth lumbar, and a branch from the fourth.
second, equal in size to the preceding, and a third, about one-fourth the size
of the second, unite with this trunk, and form, with a small fasciculus from the

The

fourth, the sacral plexus, a visceral

branch being given

off

from the third nerve

to the bladder.

The fourth anterior sacral nerve sends a branch to join the sacral plexus. The
remaining portion of the nerve divides into visceral and muscular branches and
a communicating filament descends to join the fifth sacral nerve.
The visceral
branches are distributed to the viscera of the pelvis, communicating with the
sympathetic nerve. These branches ascend upon the rectum and bladder, and
in the female upon the vagina, communicating with branches of the sympaThe muscular branches are distributed to the
thetic from the pelvic plexus.
Levator ani, Coccygeus, and Sphincter ani. The branch to the Sphincter ani
pierces the Levator ani, so as to reach the ischio-rectal fossa, where it is found
Cutaneous filaments arise from the latter branch,
lying in front of the coccyx.
which supply the integument between the anus and coccyx. Another cutaneous
branch is frequently given off from this nerve, though sometimes from the pudic
(Schwalbe). It perforates the great sacro-sciatic ligament, and, winding round
the lower border of the Gluteus maximus, siipplies the skin over the lower and
;

inner part of this muscle.
The fifth anterior sacral nerve, after passing from the lower end of the sacral
canal, curves forwards through the fifth sacral foramen, formed between the lower
part of the sacrum and the transverse process of the first piece of the coccyx. It
pierces the Coccygeus muscle, and descends upon its anterior surface to near the
tip of the coccyx, where it again perforates the muscle, to be distributed to the
integument over the back part and side of the coccyx. This nerve communicates
above with the fourth sacral, and below with the coccygeal nerve, and supplies
the Coccygeus muscle.
The anterior division of the coccygeal nerve is a delicate filament which
escapes at the termination of the sacral canal it passes downwards behind the
rudimentary transverse process of the first piece of the coccyx, and curves
forwards, through the notch between the first and second pieces, piercing the
Coccygeus muscle and descending on its anterior surface to near the tip of the
coccyx, where it again pierces the muscle, to be distributed to the integument
over the back part and side of the coccyx. It is joined by a branch from the
;

fifth

anterior sacral as

it

descends on the surface of the Coccygeus muscle.

Sacral Plexus

The

(fig.

513)

is formed by the lumbo-sacral cord, the anterior divisions
upper sacral nerves, and part of that of the fourth. These nerves
proceed in different directions the upper ones obliquely downwards and outwards, the lower one nearly horizontally, and they all unite into two cords an
up2)er and larger which is formed by the lumbo-sacral cord with the first, second,
and the greater part of the third sacral nerves and a loioer and smaller formed
by the remainder of the third, with a portion of the fourth sacral nerve. The
upper cord is prolonged into the great sciatic nerve and the lower into the pudic.
Frequently a small filament is given off from the second sacral nerve to join the
lower cord.
The sacral plexus is triangular in form, its base corresponding with the exit of
the nerves from the sacrum, its apex with the lower part of the great sacroIt rests upon the anterior surface of the Pyriformis, and is
sciatic foramen.

sacral plexus

of the three

:

:

;
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covered in front by the pelvic fascia, which separates it from the sciatic and pudic
branches of the internal iliac artery, and from the viscera of the pelvis.
The branches of the sacral plexus are
:

/

11
^
n
Collateral
branches
,

1

-{

Muscular
Superior Gluteal
^,
f
intenor Grluteal
-_

,

.

I

^

Small Sciatic

Pudic
Terminal branches
Great Sciatic
(

The muscular branches supply the Pyriformis, Obturator internus, the two
The branch to the Pyriformis arises from

Gemelli, and the Quadratus femoris.
Fig. 513.

— Side view of

pelvis,

showing sacral nerves.

coccroEAL
VATBRANI SPHINCTER ANl

the branch to the
the upper two sacral nerves before they enter the plexus
Obturator internus arises at the junction of the lumbo-sacral and first sacral
;

nerves

it

:

passes out of the pelvis through the great sacro-sciatic foramen,

crosses the spine of the ischium, and re-enters the pelvis through the lesser sacrothe branch
sciatic foramen to enter the inner surface of the Obturator internus
;

the Gemellus superior arises in common with the nerve to the Obturator
internus it enters the muscle at the upper part of its posterior siirface the small
branch to the Gemellus inferior and Quadratus femoris also arises from the upper
to

:

;

part of the plexus it passes through the great sacro-sciatic foramen, and courses
down beneath the Gemelli and tendon of the Obturator internus, and supplies the
muscles on their deep or anterior surface.
It gives off an articular branch to
:

A second articular branch is occasionally derived from the upper
the hip- joint.
part of the sacral plexus.
The Superior Gluteal Nerve (fig. 515) arises from the back part of the lumbosacral cord, with some filaments from the first sacral nerve
it passes from the
;

PUDIC
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through the great sacro-sciatic foramen above the Pyriformis muscle, accompanied by the gluteal vessels, and divides into a superior and an inferior branch.
The superior branch follows the hne of origin of the Gluteus minimus, and
supplies the Gluteus medius.
The inferior branch crosses obliquely between the Gluteus minimus and medius,
distributing filaments to both these muscles, and terminates in the Tensor vaginge
femoris, extending nearly to its lower end.
The Inferior Gluteal arises from the lumbo-sacral cord, and first and second
sacral nerves, and is intimately connected with the small sciatic at its orio-in.
It
passes out of the pelvis through the great sciatic notch, beneath the Pyrifoi-mis
muscle, and dividing into a number of branches enters the Gluteus maximus
muscle, on its under surface. It gives off a cutaneous branch, which winds round
the lower border of the Gluteus maximus muscle to supply the skin of the buttock.
This cutaneous filament frequently comes off as a separate branch from the
sacral plexus, and is termed the perforating cutaneous nerve.
The Small Sciatic Nerve (fig. 515) supplies the integument of the perineum
and back part of the thigh and leg. It is usually formed by the union of two
branches, which arise from the second and third nerves of the sacral plexus.
It
issues from the pelvis through the great sacro-sciatic foramen below the Pyriformis
muscle, descends beneath the Gluteus maximus with the sciatic artery, and at
the lower border of that muscle passes along the back part of the thigh, beneath
the fascia lata, to the lower part of the popliteal region, w^here it pierces the fascia
and becomes cutaneous. It then accompanies the external saphenous vein to
about the middle of the leg, its terminal filaments communicating with the exterpelvis

nal saphenous nerve.

The branches
groups

of the small sciatic

nerve are all cutaneous, and consist of four
and descending.

internal, external, ascending,

:

The internal cutaneous branches are distributed to the skin at the upper and
inner side of the thigh, on its posterior aspect. One branch, longer than the rest,
the inferior pudendal, curves forward below the tuber ischii, pierces the fascia
and passes forwards beneath the superficial fascia of the perinagum to be
male and the labium in
the female, communicating with the superficial perineal and inferior hsemor-

lata,

distributed to the integument of the scrotum in the

rhoidal nerves.

The

external cutaneous branches consist of

distributed to the skin at the upper
aspect, as far

down

and outer

two or three filaments, which are
on its posterior

side of the thigh

as the middle of that region.

The ascending cutaneous branches consist of two or three filaments, which turn
upwards round the lowe^r border of the Gluteus maximus, to supply the integument
covering its surface.
The descending cutaneous branches are given off from the lesser sciatic nerve
as it descends beneath the fascia of the thigh they supply the integument of the
back part of the thigh, popliteal region, and upper part of the leg.
The Pudic nerve is the direct continuation of the lower cord of the sacral
plexus, and derives its fibres from the third and fourth sacral nerves and frequently
from the second also.
It leaves the pelvis, through the great sacro-sciatic
foramen, below the Pyriformis. It then crosses the spine of the ischium, and reIt accompanies the
enters the pelvis through the lesser sacro-sciatic foramen.
pudic vessels upwards and forwards along the outer wall of the ischio-rectal
fossa, being contained in a sheath of the obturator fascia, and divides into two
terminal branches, the perineal nerve, and the dorsal nerve of the penis or clitoris.
;

Before

its division, it

gives off the inferior hemorrhoidal nerve.

The

inferior hcEmorrhoidal nerve is occasionally derived separately from the
sacral plexus.
It passes. across the ischio-rectal fossa, with its accompanying

towards the lower end of the rectum, and is distributed to the integument
round the anus.
Branches of this nerve communicate with the inferior pudendal
and superficial perineal nerves at the fore part of the perineum.
vessels,

SPINAL NBEVES

—

—

Cutaneous nerves of lower
Fig. 514.
extremity. Posterior view.

Fig. 515. Nerves of the lower
extremity.* Posterior view.
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diagram the external saphenous and communicans peronei are not
They have been displaced by the removal of the superficial

position.

INTERNAL POPLITEAL
The ijerineal

849

and larger of the two terminal branches of the
situated below the pudic artery.
It accompanies the superficial perineal
artery in the perinaeum, dividing into cutaneous and muscular branches.

pudic,

nerve, the inferior

is

The cutaneous branches (superficial perineal) are two in number, posterior and
The posterior or external branch passes forwards along the outer side

anterior.

space parallel to the inferior pudendal nerve, and is distributed
scrotum. It communicates with the inferior hasmorrhoidal,
the inferior pudendal, and the other superficial perineal nerve.
The anterior or
internal branch passes forwards nearer to the middle hne, to be distributed to the
inner and back part of the scrotum. Both these nerves supply the labia majora
of the perineal

to the skin of the

in the female.

The muscular branches

are distributed to the Transversus perinaji, Accelerator
Erector penis, and Compressor urethrge. A distinct branch is o-iven off
from the nerve to the Accelerator urinae, which pierces this muscle, and supplies
the corpus spongiosum, ending in the mucous membrane of the urethra.
This
is the nerve to the bulb.
The dorsal nerve of the penis is the deepest division of the pudic nerve it
accompanies the pudic artery along the ramus of the ischium piercino- the
superior layer of the deep perineal fascia, it runs forward along the inner maro-in
urinae.

;

;

of the

ramus

of the os pubis,

between the two layers

pierces the inferior layer, and, in

of the

deep

fascia.

It

then

company with the

dorsal artery of the penis,
passes through the suspensory ligament, and, running forwards, is distributed to
the glans. On the penis, this nerve gives off a cutaneous branch, which runs along
the side of the organ

;

it is

joined with branches of the sympathetic, and supplies
and sides of the penis and prepuce, giving a

the integument of the upper surface

large branch to the corpus cavernosum.

In the female the dorsal nerve is very small, and supplies the clitoris.
The Great Sciatic Nerve (fig. 515) suppKes nearly the whole of the integument
of the leg, the muscles of the back of the thigh, and those of the leg and foot.
It
is the largest nervous cord in the body, measuring three-quarters of an inch in
breadth, and is the continuation of the upper division of the sacral plexus. It
passes out of the pelvis through the great sacro-sciatic foramen, below the Pyriformis muscle. It descends between the trochanter major and tuberosity of the
ischium, along the back part of the thigh to about its lower third, where it divides
into two large branches, the internal and external popliteal nerves.
This division may take place at any point between the sacral plexus and the
lower third of the thigh. When the division occurs at the plexus, the two nerves
descend together, side by side or they may be separated, at their commencement,
by the interposition of part or the whole of the Pyriformis muscle. As the nerve
descends along the back of the thigh, it rests at first upon the External rotator
muscles, in company with the small sciatic nerve and artery, being covered by the
Gluteus maximus lower down, it lies upon the Adductor magnus, and is covered
by the long head of the Biceps.
The branches of the nerve, before its division, are articular and muscular.
The articular branches arise from the upper part of the nerve they supply the
These branches are somehip-joint, perforating its fibrous capsule posteriorly.
times derived from the sacral plexus.
The muscular branches are distributed to the Ele'xors of the leg viz. the
Biceps, Semitendinosus, and Semimembranosus, and a branch to the Adductor
magnus. These branches are given off beneath the Biceps muscle.
The Internal Popliteal Nerve, the larger of the two terminal branches of the
great sciatic, descends along the back part of the thigh, through the middle of the
popliteal space to the lower part of the Popliteus muscle, where it passes with
the artery beneath the arch of the Soleus, and becomes the posterior tibial. It is"
overlapped by the hamstring muscles above, and then becomes more superficial,
and lies to the outer side of, and some distance from, the popliteal vessels ;
;

;

;

:

3I
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opposite the knee-joint,
inner side of the artery.

it is

in close relation with the vessels,

Below, it
nerve are,

and crosses

to the

overlapped by the Gastrocnemius.
articular, muscular, and a cutaneous branch

is

The branches of this
the comviunicans poplitei nerve.
The articular branches, usually three in number, supply the knee-joint two
of these branches accompany the superior and inferior internal articular arteries
and a third, the azygos articular artery.
The mtbscular branches, four or five in number, arise from the nerve as it lies
between the two heads of the Gastrocnemius muscle they supply that muscle,
the Plantaris, Soleus, and Popliteus.
The filaments which supply the Popliteus
;

;

;

turn round

its lower border and are distributed to its deep surface.
The communicans poplitei descends between the two heads of the Gastrocnemius muscle, and, about the middle of the back of the leg, pierces the deep
fascia, and joins a communicating branch [communicans peronei) from the external

popliteal nerve to

The

form the external, or

short,

saphenous

(fig.

514).

external saphenous nerve, formed by the cutaneous branches of the internal

and external popliteal nerves, passes downwards and outwards near the outer
margin of the tendo Achillis, lying close to the external saphenous vein, to the
interval between the external malleolus and the os calcis.
It winds round the
outer malleolus, and is distributed to the integument along the outer side of the
foot and little toe, communicating on the dorsum of the foot with the musculocutaneous nerve. In the leg, its branches communicate with those of the small
sciatic.

The Posterior Tibial Nerve (fig. 515) commences at the lower border of the
Popliteus muscle, and passes along the back part of the leg with the posterior
tibial vessels to the interval between the inner malleolus and the heel, where it
divides into the external and internal plantar nerves. It lies upon the deep muscles
of the leg, and is covered in the upper part by the muscles of the calf, lower down
by the skin and fascia. In the upper part of its course, it lies to the inner side
of the posterior tibial artery
but it soon crosses that vessel, and lies to its outer
side as far as the ankle.
In the lower third of the leg, it is placed parallel wath
the inner margin of the tendo Achillis.
The branches of the posterior tibial nerve are muscular, plantar cutaneous, and
;

articular.

The muscular branches arise either separately or by a common trunk from the
upper part of the nerve. They supply the Tibialis posticus. Flexor longus digitorum,
and Flexor longus hallucis muscles the branch to the latter muscle accompany;

ing the peroneal artery.
The plantar cutaneous branch perforates the internal annular ligament, and
supplies the integument of the heel and inner side of the sole of the foot.

The

articular branch

is

given off just above the bifurcation of the nerve, and

supplies the ankle-joint.

The internal plantar nerve

(fig. 516), the larger of the two terminal branches
accompanies the internal plantar artery along the inner
side of the foot.
From its origin at the inner ankle it passes beneath the Abductor
hallucis, and then forwards betw^een this muscle and the Flexor brevis digitorum,
divides opposite the bases of the metatarsal bones into four digital branches, and
communicates with the external plantar nerve.
Branches. In its course, the internal plantar nerve gives off cutaneous
branches, which pierce the plantar fascia, and supply the integument of the sole
inuscular branches, which supply the Abductor hallucis and Flexor
of the foot
articular branches to the articulations of the tarsus and metabrevis digitorum
tarsus and four digital branches.
These pass between the divisions of the
plantar fascia in the clefts between the toes, and are distributed in the following
manner The first supplies the inner border of the great toe, and sends a filament to the Flexor brevis hallucis muscle the second bifurcates, to supply the
adjacent sides of the great and second toes, sending a filament to the First

of the posterior tibial,

—

;

;

;

:

;
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the third digital branch supplies the adjacent sides of the
the fourth supplies the corresponding sides of the
third and fourth toes, and receives a communicating branch from the external
Each digital nerve gives off cutaneous and articular filaments
plantar nerve.
and opposite the last phalanx sends a dorsal branch, which supplies the structvire
;

second and third toes *

;

;

the continuation of the nerve being distributed to the ball of the
be observed, that the distribution of these branches is precisely
similar to that of the median nerve in the hand.
The external plantar nerve, the smaller of the two, completes the nervous
supply to the structures of the sole of the foot, being distributed to the little toe
and one-half of the fourth, as well as to most of the deep muscles, its distribution
being similar to that of the ulnar in the
Fig. 516.
The plantar nerves.
hand. It passes obliquely forwards with
the external plantar artery to the outer side
of the foot, lying between the Flexor brevis
digitorum and Flexor accessorius and, in
the interval between the former muscle

round the
toe.

nail,

It will

—

;

and Abductor minimi digiti, divides into a
superficial and a deep branch.
Before its
division,

it

supplies the Plexor accessorius

and Abductor minimi

The

Ea. to nal
plantar

Internal
jjlantar

digiti.

superficial Sr^wzc/i separates into

two

nerves one, the smaller of the two,
supplies the outer side of the little toe, the
Flexor brevis minimi digiti, and the two
Interosseous muscles of the fourth metatarsal space
the other and larger digital
branch supplies the adjoining sides of the
digital

:

Deep
hiaiich

;

fourth and fifth toes, and communicates

with the internal plantar nerve.
The deep or muscular branch- accompanies the external plantar artery into the
deep part of the sole of the foot, beneath
the tendons of the Flexor muscles and
Adductor transversus hallucis, and supplies
all the Interossei (except those in the fourth
metatarsal space), the three outer Lumbricales, the Adductor obliquus hallucis, and
the Adductor transversus hallucis.
The External Popliteal or Peroneal
Nerve (fig. 515), about one-half the size of the'internal popliteal, descends obliquely
along the outer side of the pophteal space to the head of the fibula, close to the
inner margin of the Biceps muscle.
It is easily felt beneath the skin behind the
head of the fibula, at the inner side of the tendon of the Biceps. It passes between
the tendon of the Biceps and outer head of the Gastrocnemius muscle, winds
round the neck of the fibula, between the Peroneus longus and the bone, and
divides beneath the muscle into the anterior tibial and musculo-cutaneous nerves.
The branches of the peroneal nerve, previous to its division, are articular and
cutaneous.

The
superior

articular branches are three in

and

number

;

two

of these

accompany the
The

inferior external articular arteries to the outer side of the knee.

upper one occasionally arises from the great sciatic nerve before its bifurcation.
The third (recurrent) articular nerve is given off at the point of division of the
peroneal nerve it ascends with the anterior recurrent tibial artery through the
Tibialis anticus muscle to the front of the knee, which it supplies.
The cutaneous branches, two or three in number, supply the integument along
;

*

See footnote,

p. 541.
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the back part and outer side of the leg, as far as

its

middle or lower part

;

one

of

communicans loeronei, arises near the head of the
fibula, crosses the external head of the Gastrocnemius to the middle of the leg,
and joins with the communicans poplitei to form the external saphenous. This
nerve occasionally exists as a separate branch, which is continued down as far

these, larger than the rest, the

as the heel.

The Anterior Tibial Nerve (fig. 511) commences at the bifurcation of the
peroneal nerve, between the fibula and upper part of the Peroneus longus, passes
obliquely forwards beneath the Extensor longus digitorum to the fore part of the
interosseous membrane, and reaches the other side of the anterior tibial artery
above the middle of the leg it then descends with the artery to the front of the
This
ankle-joint, where it divides into an external and an internal branch.
nerve lies at first on the outer side of the anterior tibial artery, then in front of
it, and again at its outer side at the ankle-joint.
The branches of the anterior tibial nerve, in its course through the leg, are the
muscular branches to the Tibialis anticus, Extensor longus digitorum, Peroneus
tertius, and Extensor proprius hallucis muscles, and an articular branch to the
;

ankle-joint.

The

external or tarsal branch of the anterior tibial passes outwards across the
Extensor brevis digitorum, and, having becom6 ganglionic

tarsus, beneath the

nerve at the wrist, supplies the Extensor brevis
the ganglion are given off three minute interosseous branches

like the posterior interosseous

digitorum.

From

which supply the tarsal joints and the metatarso-phalangeal joints of the second,
and fourth toes. The first of these sends a filament to the second dorsal

third,

interosseous muscle.
The internal branch, the continuation of the nerve, accompanies the dorsalis
pedis artery along the inner side of the dorsum of the foot, and, at the first inter-

osseous space, divides into two branches, which supply the adjacent sides of the
great and second toes, communicating with the internal branch of the musculocutaneous nerve. Before it divides it gives off an interosseous branch to the first
space, which supplies the metatarso-phalangeal joint of the great toe and sends a
filament to the First dorsal interosseous muscle.
The Musculo-cutaneous Nerve (fig. 511) suppHes the muscles on the fibular
side of the leg, and the integument of the dorsum of the foot.
It passes forwards
between the Peronei muscles and the Extensor longus digitorum, pierces the deep
fascia at the lower third of the leg, on its front and outer side, and divides into
two branches. This nerve, in its course between the muscles, gives off muscular
branches to the Peroneus longus and brevis, and cutaneous filaments to the
integument of the lower part of the leg.
The internal branch of the viusculo-ctctaneous nerve passes in front of the
ankle-joint, and along the dorsum of the foot, supplying the inner side of the great
toe, and the adjoining sides of the second and third toes.
It also supplies the
integument of the inner ankle and inner side of the foot, communicating with
the internal saphenous nerve, and joins with the anterior tibial nerve, between
the great and second toes.
The external branch, the larger, passes along the outer side of the dorsum of
the foot, to be distributed to the adjoining sides of the third, fourth, and fifth toes.
It also supplies the integument of the outer ankle and outer side of the foot, communicating with the short saphenous nerve.
The distribution of these branches of the musculo-cutaneous nerve will be
found to vary together, they supply all the toes excepting the outer side of the
little toe, and the adjoining sides of the great and second toes, the former being
supplied by the external saphenous, and the latter by the internal branch of the
;

anterior tibial.

—

Surgical Anatomy. The lumbar plexus passes through the Psoas muscle, and, therepsoas abscess, any or all of its branches may be irritated, causing severe pain in the

fore, in
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which the irritated nerves are distributed. The genito-crural nerve is the one
which is most frequently imphcated. This nerve is also of importance as it is concerned
in one of the principal reflexes employed in the investigation of diseases of the spine.
If
the skin over the inner side of the thigh just below Poupart's hgament, the part suppHed
by the crural branch of the genito-crural nerve, be gently tickled in a male child, the
testicle will be noticed to be drawn upwards, through the action of the Cremaster muscle,
supplied by the genital branch of the same nerve. The same result may sometimes be
noticed in adults, and can almost always be produced by severe stimulation. This reflex,
when present, shows that the portion of the cord from which the first and second lumbar
nerves are derived is in a normal condition.
The anterior crural nerve is in danger of being injured in fractures of the true pelvis,
since the fractiu-e most commonly takes place through the ascending ramus of the os
pi;bis, at or near the point where this nerve crosses the bone.
It is also hable to be injured
in fractures and dislocations of the femur, and is likely to be pressed upon, and its functions
impaired,_ in some tumours growing in the pelvis.
Moreover, on account of its superficial
position, it is exposed to injury in wounds and stabs in the groin.
When this nerve is
paralysed, the patient is unable to flex his hip completely, on account of the loss of motion
in the Iliacus or to extend the knee on the thigh, on account of paralysis of the Quadriceps
extensor cruris there is complete paralysis of the Sartorius, and partial paralysis of the
Pectineus.
There is loss of sensation down the front and inner side of the thigh, except
in that part supplied by the crural branch of the genito-crural, and by the ilio-inguinal.
There is also loss of sensation down the inner side of the leg and foot as far as the ball
part to

;

;

of the great toe.

The obturator nerve is of special surgical interest. It is rarely paralysed alone, but
occasionally in association with the anterior crural. The principal Interest attached to it
is in connection with its supply to the knee
pain in the knee being symptomatic of
many diseases in which the trunk of this nerve, or one of its branches, is irritated. Thus
it is well known that in the earlier stages
of hip-joint disease the patient does not
complain of pain in tliat articulation, but on the inner side of the knee, or in the kneejoint itself, both these articulations being supplied by the obturator nerve, the final
distribution of the nerve being to the knee-joint.
Again, the same thing occm-s in sacroiliac disease
pain is complained of in the knee-joint, or on its inner side. The obturator nerve is in close relationship with the sacro-iliac articulation, passing over it, and,
according to some anatomists, distributing filaments to it. Again, in cancer of the sigmoid
flexure, and even in cases where masses of hardened fasces are impacted in this portion
of the gut, pain is complained of
the knee. The obturator nerve lies beneath the
sigmoid flexure, and is readily pressed upon and irritated when disease exists in this part
of the intestine.
Finally, pain in the knee forms an important diagnostic sign in obturator hernia.
The hernial protrusion as it passes out through the opening in the obturator
membrane presses upon the nerve and causes pain in the parts supplied by its peripheral
filaments.
When the obturator nerve is paralysed, the patient is unable to press his
knees together or to cross one leg over the other, on account of paralysis of the Adductor
muscles. Eotation outwards of the thigh is impaired from paralysis of the Obturator
esternus.
Sometimes there is loss of sensation in the upper half of the inner side of the leg.
The great sciatic nerve is liable to be pressed upon by various forms of pelvic tumours,
giving rise to pain along its trunk, to which the term sciatica is applied. Tumours growing
firom the pelvic viscera, or bones, aneurisms of some of the branches of the internal iliac
artery, calculus in the bladder when of large size, accumulation of faeces in the rectum,
may all cause pressure on the nerve inside the pelvis, and give rise to sciatica. Outside
the pelvis exposure to cold, violent movements of the hip-joint, exostoses or other tumours
growing from the margin of the sacro-sciatic foramen, may also give rise to the same condition.
When paralysed there is loss of motion in all the muscles below the knee, and loss of
sensation in the same situation, except the upper half of the back of the leg, supplied by
the small sciatic and the upper half of the inner side of the leg, when the commmiicating
branch of the obturator is large (see page 841).
The sciatic nerve has been frequently cut down upon and stretched, or has been aeupimctured for the relief of sciatica.
The nerve has also been stretched in cases of
locomotor ataxy, the anaesthesia of leprosy, etc. In order to define it on the surface, a
point is taken at the junction of the middle and lower third of a line stretching from the
posterior superior spine of the ilium to the outer part of the tuber ischii, and a line drawn
from this to the middle of the upper part of the popliteal space. The line must be slightly
curved with its convexity outwards, and as it passes downwards to the lower border of the
Gluteus maximus is slightly nearer the tuber ischii than the great trochanter, as it crosses
a line drawn between these two points.
The operation of stretching the sciatic nerve is
performed by making an incision over the course of the nerve about the centre of the
thigh.
The skin, superficial structures, and deep fascia having been divided, the interval
between the inner and outer hamstrings is to be defined, and these muscles pulled inwards
and outwards with retractors. The nerve will be found a little to the inner side of the
Biceps.
It is to be separated from the surrounding structures, hooked up with the finger,
and stretched by steady and continuous traction for two or three minutes. The sciatic
nerve may also be stretched by what is known as the dry plan. The patient is laid on
;

:

m

'

'
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is extended, the leg flexed on the thigh, and the thigh strongly flexed on
While the thigh is maintained in this position, the leg is forcibly extended
to its full extent, and the foot as fully flexed on the leg.
The position of the external popliteal, close behind the tendon of the Biceps on the
outer side of the ham, should be remembered in subcutaneous division of the tendon.
After it is divided, a cord often rises up close beside it, which might be mistaken for a
small imdivided portion of the tendon, and the surgeon might be tempted to reintroduce
This mi;st never be done, as the cord is the external popliteal
his knife and divide it.
ner-\e, which becomes prominent as soon as the tendon is divided.

his back, the foot

the abdomen.

THE SYMPATHETIC NEEVE
The Sympathetic Nervous System consists of (i) a series of ganglia, connected
together by intervening cords, extending from the base of the skull to the coccyx,
one on each side of the middle line of the body, partly in front and partly on each
side of the vertebral column
(2) of three great gangliated plexuses, or aggrega;

nerves and ganglia, situated in front of the spine in the thoracic,
abdominal, and pelvic cavities respectively (3) of smaller ganglia situated in
and (4) of numerous nerve-fibres. These
relation w^ith the abdominal viscera
communicating, by which the ganglia communicate with
latter are of two kinds
each other and with the cerebro-spinal nerves and distributory, supplying, in
general, all the internal viscera and the coats of the blood-vessels.
Each gangliated cord may be traced upwards from the base of the skull into
its cavity by an ascending branch, which passes through the carotid canal, forms
a plexus on the internal carotid artery, and communicates with the ganglia on the
first and second divisions of the fifth nerve.
According to some anatomists, the
two cords are joined, at their cephalic extremities, by these ascending branches
communicating in a small ganglion (the ganglion of Bibes), situated upon the
anterior communicating artery.
The ganglia of these cords are distinguished as
cervical, dorsal, lumbar, and sacral, and except in the neck they correspond pretty
nearly in number to the vertebrae against which they lie. They may be thus
arranged
tions

of

;

;

:

;

:

Cervical portion

.

.

Dorsal

.

.

,,

Lumbar

„

Sacral

,,

.

.

.

.

In the neck they are situated in front
vertebrae

;

4
4 or

5

„

,,

,,

,,

the transverse processes of the
in the lumbar

of

heads of the ribs

in the dorsal region, in front of the

on the sides
front of the sacrum.
region,

3 pairs of ganglia.
12
,,
,,

of the bodies of the vertebrae

;

and

;

in the sacral region, in

As the two cords pass into the pelvis, they converge and
together in a single ganglion (ganglion impar), placed in front of the
coccyx. Each ganglion may be regarded as a distinct centre, and, in addition to
its branches of distribution, possesses also branches of communication, which
communicate with other ganglia and with the cerebro-spinal nerves.
The branches of communication between the ganglia are composed of grey
unite

and white nerve-fibres, the latter being continuous with those fibres of the spinal
nerves which pass to the ganglia.
The branches of communication between the ganglia and the cerebro-spinal
nerves also consist of a white and grey portion the former proceeding from the
spinal nerve to the ganglion, the latter passing /rowi the ganglion to. the spinal
nerve, so that a double interchange takes place between the two systems.
The three great gangliated plexuses are situated in front of the spine in the
thoracic, abdominal, and pelvic regions, and are named respectively, the cardiac,
the solar or epigastric, and the hypogastric plexus.
They consist of collections
of nerves and ganglia
the nerves being derived from the gangliated cords, and.
from the cerebro-spinal nerves. They distribute branches to the viscera.
;

;
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sympathetic nerve.

Carotid plexus

Superior cervical ganglion

Middle cervical ganglion

Inferior cervical ganglion

Pharyngeal hraoiches

Cardiac branches

Deep cardiac 2)lexus
Superficial cardiac plexus

Solar plexus

Aortic plexus

Hypogastric plexus

Sacral ganglia ^A^

Ganglion ijnpar

V.
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Smaller ganglia are also found lying amidst the nerves, some of them of
microscopic size, in certain viscera as, for instance, in the heart, the stomach,
and the uterus. They serve as additional centres for the origin of nerve-fibres.
The branches of distribution derived from the gangliated cords, from the
prevertebral plexuses, and also from the smaller ganglia, are principally destined
for the blood-vessels and thoracic and abdominal viscera, supplying the involuntary
muscular fibre of the coats of the vessels and the hollo v^ viscera, and the secreting
cells, as v^ell as the muscular coats of the vessels in the glandular viscera.
In addition to these various divisions of the sympathetic, the ganglia connected v^ith the three branches of the fifth cranial nerve are believed by some
These ganglia have already
to constitute a part of the sympathetic system.

—

been described (page 784

et seq.).

Cervical Portion of the Gangliated Cord

The cervical portion of the gangliated cord consists of three ganglia on each
which are distinguished, according to their position, as the superior, middle,
and inferior cervical.
The Superior Cervical Ganglion, the largest of the three, is placed opposite
the second and third cervical vertebrae, and sometimes as low as the fourth or
sometimes
fifth.
It is of a reddish-grey colour, and usually fusiform in shape
broad, and occasionally constricted at intervals, so as to give rise to the opinion
that it consists of the coalescence of several smaller ganglia and it is usually
side,

;

;

believed that

it is

formed by the coalescence

of the four ganglia,

corresponding

upper cervical nerves. It is in relation, in front, with the sheath
behind, it lies on the
of the internal carotid artery, and internal jugular vein
Rectus capitis anticus major muscle.
Its branches may be divided into superior, inferior, external, internal, and
to the four

;

anterior.

The

superior branch appears to be a direct prolongation of the ganghon.

It

ascends by the side of the internal
carotid artery, and, entering the carotid canal in the temporal bone, divides into
two branches, which lie, one on the outer, and the other on the inner side of

is soft in

texture,

and

of a reddish colour.

It

that vessel.

The

outer branch, the larger of the two, distributes filaments to the internal
and forms the carotid plexus.

carotid artery,

The inner branch also distributes filaments to the internal carotid, and, continuing onwards, forms the cavernous plexus.
The carotid plexus is situated on the outer side of the internal carotid. Filaments from this plexus occasionally form a small gangliform swelling on the
under surface of the artery, which is called the carotid ganglion. The carotid
plexus communicates with the Gasserian ganglion, with the sixth nerve, and
the spheno-palatine ganglion, and distributes filaments to the wall of the carotid
artery, and to the dura mater (Valentin)
while in the carotid canal it communicates with Jacobson's nerve, the tympanic branch of the glosso-pharyngeal.
The communicating branches loith the sixth nerve consist of one or two
filaments which join that nerve as it lies upon the outer side of the internal
carotid.
Other filaments are also connected with the Gasserian ganglion. The
communication with the spheno-palatine ganglion is effected by a branch, the
large deep petrosal, which is given ofi^ from the plexus on the outer side of the
artery, and which passes through the cartilage filling up the foramen lacerum
medium, and joins the great superficial petrosal to form the Vidian nerve. The
Vidian nerve then proceeds along the pterygoid or Vidian canal to the sphenopalatine ganglion.
The communication with Jacobson's nerve is effected by two
branches, one of which is called the small deep petrosal nerve, and the other the
;

long petrosal.
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is situated below, and internal to that part of the internal
placed by the side of the sella Turcica, in the cavernous sinus,
chiefly by the internal division of the ascending branch from the
and is
It communicates with the third, the fourth, the
superior cervical ganglion.
ophthalmic division of the fifth, and the sixth nerves, and with the ophthalmic
The
ganglion, and distributes filaments to the wall of the internal carotid.
branch of communication with the third nerve joins it at its point of division
the branch to the fourth nerve joins it as it lies on the outer wall of the cavernous
sinus other filaments are connected with the under surface of the trunk of the
and a second filament of communication joins the sixth
ophthalmic nerve

The cavernous plexus
which
formed

carotid

is

;

;

;

nerve.

The filament

connection wdth the ophthalmic ganglion arises from the
it accompanies the nasal nerve, or continues forwards as a separate branch.
The terminal filaments from the carotid and cavernous plexuses are prolonged
along the internal carotid, forming plexuses which entwine round the cerebral
and ophthalmic arteries along the former vessel they may be traced on to the
along the latter, into the orbit, where they accompany each of the
pia mater
subdivisions of the vessel, a separate plexus passing, with the arteria centralis
The filaments prolonged on to the
retinae, into the interior of the eyeball.
anterior communicating artery form a small ganglion, the ganglion of Bibes*
which serves, as mentioned above, to connect the sympathetic nerves of the
of

anterior part of the cavernous plexus

;

;

;

right

and

The

left sides.

inferior or descending

branch of the superior cervical ganglion commu-

nicates with the middle cervical ganglion.

The external branches are numerous, and communicate with the cranial
and with the four upper spinal nerves. Sometimes the branch to the
fourth spinal nerve may come from the cord connecting the upper and middle
The branches of communication with the cranial nerves consist
cervical ganglia.
of delicate filaments, which pass from the superior cervical ganglion to the
ganglion of the trunk of the pneumogastric, and to the hypoglossal nerve. A
separate filament from the cervical ganglion subdivides and joins the petrosal
ganglion of the glosso-pharyngeal, and the ganglion of the root of the pneumonerves,

gastric in the jugular foramen.

number the pharyngeal, laryngeal, and
The pharyngeal branches pass inwards to the side of the
pharynx, where they join with branches from the glosso-pharyngeal, pneumoThe
gastric, and external laryngeal nerves to form the pharyngeal plexus.
The

internal branches are three in

:

superior cardiac nerve.

laryngeal branches unite with the superior laryngeal nerve and

its

branches.

The

superior cardiac nerve {nervus superficialis cordis) arises by two or more
branches from the superior cervical ganglion, and occasionally receives a filament
from the cord of communication between the first and second cervical ganglia.
It

runs down the neck behind the common carotid artery, lying upon the Longus
muscle and crosses in front of the inferior thyroid artery, and recurrent

colli

;

laryngeal nerve.

The

right superior cardiac nerve, at the root of the neck, passes either in front

behind the subclavian artery, and along the arteria innominata, to the back
part of the arch of the aorta, where it joins the deep cardiac plexus. This nerve,
in its course, is connected with other branches of the sympathetic
about the
middle of the neck it receives filaments from the external laryngeal nerve lower
down, one or two twigs from the pneumogastric and as it enters the thorax it
is joined by a filament from the recurrent laryngeal.
Filaments from this nerve
communicate with the thyroid branches from the middle cervical ganglion.
The left superior cardiac nerve, in the chest, runs by the side of the left
common carotid artery, and in front of the arch of the aorta, to the superficial
of or

;

;

;

*

The

existence of this ganglion

is

doubted by some observers.
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cardiac plexus
but occasionally it x^asses behind the aorta, and terminates in
the deep cardiac plexus.
The anterior branches ramify upon the external carotid artery and its branches,
;

forming round each a dehcate plexus, on the nerves composing which small
gangha are occasionally found.
These gangha have been named, according to
their position, intercarotid* (jDlaced at the angle of bifurcation of the common
carotid), lingual, temporal, and pharyngeal.
The plexuses accompanying some
of these arteries have important communications with other nerves.
That surrounding the external carotid is connected with the branch of the facial nerve to
the stylo-hyoid muscle that surrounding the facial communicates with the submaxillary ganghon by one or two filaments and that accompanying the middle
meningeal artery sends offsets which pass to the otic ganghon and to the intumescentia ganglioformis of the facial nerve (external petrosal).
The Middle Cervical Ganglion {thyroid ganglion) is the smallest of the three
cervical ganglia, and is occasionally altogether wanting.
It is placed opposite
the sixth cervical vertebra, usually upon, or close to, the inferior thyroid artery
hence the name thyroid ganglion,' assigned to it by Haller.
It is probably
formed by the coalescence of two ganglia corresponding to the fifth and sixth
;

;

;

'

cervical nerves.

superior branches

Its

ascend to communicate with the superior cervical

ganglion.
Its

branches descend to communicate with the inferior

inferior

cervical

ganglion.
Its external branches pass outwards to join the fifth and sixth spinal nerves.
These branches are not constantly found.
Its internal branches are the thyroid and the middle cardiac nerve.
The thyroid branches are small filaments, which accompany the inferior thyroid
artery to the thyroid gland they communicate, on the artery, with the superior
cardiac nerve, and, in the gland, with branches from the recurrent and external
;

laryngeal nerves.

The middle cardiac nerve {iiervus cardiacus magniis), the largest of the three
cardiac nerves, arises from the middle cervical ganglion, or from the cord between
the middle and inferior ganglia. On the right side it descends behind the common
carotid artery
and at the root of the neck passes either in front of or behind the
;

subclavian artery it then descends on the trachea, receives a few filaments from
the recurrent laryngeal nerve, and joins the right side of the deep cardiac plexus.
In the neck, it communicates with the superior cardiac and recurrent laryngeal
nerves.
On the left side, the middle cardiac nerve enters the chest between the
left carotid and subclavian arteries, and joins the left side of the deep cardiac
plexus.
The Inferior Cervical Ganglion is situated between the base of the transverse
process of the last cervical vertebra and the neck of the first rib, on the inner side
;

of the superior intercostal artery.
it is larger in size than
Its form is irregular
It is
the preceding, and frequently joined with the first thoracic ganglion.
probably formed by the coalescence of two ganglia which correspond to the two
;

last cervical nerves.

Its superior branches

communicate with the middle cervical ganglion.
some in front of, others behind the subclavian

Its inferior branches descend,

artery, to join the first thoracic ganglion.
is the inferior cardiac nerve.
cardiac nerve {nervus cardiacus minor) arises from the inferior
cervical or first thoracic ganglion.
It passes down behind the subclavian artery
and along the front of the trachea, to join the deep cardiac plexus. It communicates freely behind the subclavian artery with the recurrent laryngeal and middle

Its internal

The

branch

iiiferior

cardiac nerves.
*

This ganglion

is

of the

same structure

as the coccygeal gland (Luschka).
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The

external branches consist of several filaments, some of which communiand eighth spinal nerves others accompany the vertebral

cate with the seventh

;

artery along the vertebral canal, forming a plexus round the vessel, supplying it
with filaments, which are continued up the vertebral and basilar to the cerebral
The branches communicate with the cervical spinal nerves.
arteries.

Thoracic Portion of the Gangliated Cord

The thoracic portion of the gangliated cord consists of a series of ganglia,
but, from the
which usually correspond in number to that of the vertebree
These ganglia are
occasional coalescence of two, their number is uncertain.
placed on each side of the spine, resting against the heads of the ribs, and covered
by the pleura costalis the last two are, however, anterior to the rest, being
placed on the side of the bodies of the eleventh and twelfth dorsal vertebrae. The
The first, larger than the rest,
ganglia are small in size, and of a greyish colour.
They
is of an elongated form, and frequently blended with the last cervical.
are connected together by cord-like prolongations from their substance.
The external branches from each ganglion, usually two in number, communi;

;

cate wdth each of the dorsal spinal nerves.

The internal branches from the five or six upper ganglia are very small; they
supply filaments to the thoracic aorta and its branches, besides small branches
Branches from the third and
to the bodies of the vertebrge and their ligaments.
fourth, and sometimes, also, from the first and second ganglia form part of the
posterior

The

pulmonary plexus.
from

the six or seven lower ganglia are large and white
they distribute filaments to the aorta, and unite to form the three
splanchnic nerves. These are named the great, the lesser, and the smallest or

internal branches

in colour

;

renal splanchnic.

The great splanchnic nerve is of a white colour, firm in texture, and bears a
marked contrast to the ganglionic nerves. It is formed by branches from the
thoracic ganglia between the fifth or sixth and the ninth or tenth, receiving filaments (according to Dr. Beck) from all the thoracic ganglia above the sixth.
These roots unite to form a large round cord of considerable size. It descends
obliquely inwards in front of

the bodies of the vertebrae along the posterior
mediastinum, perforates the crus of the Diaphragm, and terminates in the semilunar
ganglion of the solar plexus, distributing filaments to the renal and suprarenal

plexus.

The

splanchnic nerve is formed by filaments from the tenth and eleventh
and from the cord between them. It pierces the Diaphragm with the
preceding nerve, and joins the solar plexus. It communicates in the chest with
the great splanchnic nerve, and occasionally sends filaments to the renal plexus.
The smallest, or renal splanchnic iierve arises from the last ganglion, and,
piercing the Diaphragm, terminates in the renal plexus and lower part of the
solar plexus.
It occasionally communicates with the preceding nerve.
A striking analogy appears to exist between the splanchnic and the cardiac
nerves.
The cardiac nerves are three in number they arise from the three
cervical ganglia, and are distributed to a large and important organ in the thoracic
cavity. The splanchnic nerves, also three in number, are connected probably with
all the dorsal ganglia, and are distributed to important organs in the abdominal
lesser

ganglia,

;

cavity.

The Lumbar Portion of the Gangliated Cord
The lumbar portion of the gangliated cord is situated in front of the vertebral
column, along the inner margin of the Psoas muscle. It consists usually of four
ganglia, connected together by interganglionic cords.
The ganglia are of small
size, of a greyish colour, shaped like a barleycorn, and placed much nearer the
median line than the thoracic ganglia.
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The S'UiJerior and inferior branches of the lumbar ganglia serve as communicating branches between the chain of gangha in this region.
They are usually
single, and of a white colour.
The external branches communicate with the lumbar spinal nerves. From
the situation of the lumbar ganglia, these branches are longer than in the other
They are usually two in number from each ganglion, but their conregions.
nection with the spinal nerves is not so uniform as in other regions. They
accompany the lumbar arteries around the sides of the bodies of the vertebrae,
passing beneath the fibrous arches from which some of the fibres of the Psoas

muscle arise.
Of the internal branches, some pass inwards, in front of the aorta, and help
to form the aortic plexus.
Other branches descend in front of the common iliac
arteries, and join over the promontory of the sacrum, helping to form the hypo-

Numerous delicate filaments are also distributed to the bodies of
the vertebrae, and the ligaments connecting them.
gastric plexus.

Pelvic Portion of the Gangliated Coed

The pelvic portion of the gangliated cord is situated in front of the sacrum,
along the inner side of the anterior sacral foramina. It consists of four or five
small ganglia on each side, connected together by interganglionic cords. Below,
these cords converge and unite on the front of the coccyx, by means of a small
ganglion (the coccygeal ganglion, or ganglion impar).
The superior and inferior brayiches are the cords of communication between
the ganglia above and below.
The external branches, exceedingly short, communicate with the sacral nerves.
They are two in number from each ganglion. The coccygeal nerve communicates either with the last sacral, or coccygeal ganglion.
The internal branches communicate, on the front of the sacrum, with the
corresponding branches from the opposite side some, from the first two ganglia,
pass to join the pelvic plexus, and others form a plexus, which accompanies the
middle sacral artery and sends filaments to the coccygeal gland.
;

THE GEEAT PLEXUSES OF THE SYMPATHETIC
The

great plexuses of the sympathetic are the large aggregations of nerves
to, situated in the thoracic, abdominal, and pelvic

and ganglia, above alluded
cavities respectively.

Prom them

are derived the branches

which supply the

viscera.

The Caediac Plexus
The cardiac plexus is situated at the base of the heart, and is divided into a
which Hes in the concavity of the arch of the aorta, and a deep
part, which lies between the trachea and aorta. The two plexuses are, however,
stqjerficial part,

closely connected.

deep cardiac plexus {plexus magnus j^i'ofundus, Scarpa) is
its bifurcation, above the point of division of
the pulmonary artery, and behind the arch of the aorta. It is formed by the
cardiac nerves derived from the cervical gangha of the sympathetic, and the
The only
cardiac branches of the recurrent laryngeal and pneumogastric.
cardiac nerves which do not enter into the formation of this plexus are the left

The great

or

situated in front of the trachea at

superior cardiac nerve, and the inferior cervical cardiac branch from the

pneumogastric.
'The branches from the right side of this plexus pass, some in front

of,

left

and

others behind, the right pulmonary artery; the former, the more numerous,
transmit a few filaments to the anterior pulmonary plexus, and are then

;

:
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continued onwards to form part of the anterior coronary plexus those behind
the pulmonary artery distribute a few filaments to the right auricle, and are then*
continued onwards to form part of the posterior coronary plexus.
The branches from the left side of the deep cardiac plexus distribute a few
filaments to the superficial cardiac plexus, to the left auricle of the heart, and to
;

thie

anterior

pulmonary plexus, and then pass on

to

form the greater part

of the

posterior coronary plexus.

The

beneath the arch of the aorta, in
formed by the left superior cardiac
nerve, the inferior cervical cardiac branches of the left (and occasionally the
A small ganright) pneumogastric, and filaments from the deep cardiac plexus.
glion {cardiac ganglion of Wrisberg) is occasionally found connected with these
superficial (anterior) cardiac plexus lies

front of the right

pulmonary

artery.

It is

nerves at their point of junction. This ganglion, when present, is situated
immediately beneath the arch of the aorta, on the right side of the ductu.s
The superficial cardiac plexus forms the chief part of the anterior
arteriosus.
coronary plexus, and several filaments pass along the pulmonary artery to the
left

anterior

pulmonary plexus.

is chiefly formed by filaments prolonged from the left side of the deep cardiac plexus, and by a few from the right
It surrounds the branches of the coronary artery at the back of the heart,
side.
and its filaments are distributed with those vessels to the muscular substance of

The

posterior or right coronary plexus

the ventricles.
The anterior or left coronary plexus is formed chiefly from the superficial
Passing
cardiac plexus, but receives filaments from the deep cardiac plexus.
forwards between the aorta and pulmonary artery, it accompanies the left

coronary artery on the anterior surface of the heart.
Valentin has described nervous filaments ramifying under the endocardium
and Eemak has found, in several mammalia, numerous small ganglia on the
cardiac nerves, both on the surface of the heart and in its muscular substance.

The Epigastric ob Solar Plexus

(figs.

517, 519)

the viscera in the abdominal
The
It consists of a great network of nerves and ganglia situated behind the
cavity.
stomach and in front of the aorta and crura of the Diaphragm. It surrounds the
coeliac axis and root of the superior mesenteric artery, extending downwards as
low as the pancreas, and outwards to the suprarenal capsules. This plexus, and
the ganglia connected with it, receive the great and small splanchnic nerves of
both sides, and some filaments from the right pneumogastric. It distributes
filaments, which accompany, under the name of plexuses, all the branches from
Epigastric or Solar plexus supplies

all

the front of the abdominal aorta.
Of the ganglia of which the solar plexus is partly composed the principal
are the two semilunar ganglia, which are situated one on each side of the plexus,
and are the largest ganglia in the body. They are large irregular gangliform
masses, formed by the aggregation of smaller ganglia, having interspaces
between them. They are situated in front of the crura of the Diaphragm,
the one on the right side lies beneath the
close to the suprarenal capsules
:

vena cava the upper part of each ganglion is joined by the greater
splanchnic nerve, and to the inner side of each the branches of the solar plexus

inferior

;

are connected.
From the epigastric or solar plexus are derived the following

Phrenic or Diaphragmatic plexus.
Suprarenal plexus.
Eenal plexus.
Spermatic plexus.

(Gastric plexus.
Coeliac plexus j Splenic plexus.

(Hepatic plexus.
Superior mesenteric plexus.

Aortic plexus.

LUMBAE POETION

The phrenic plexus accompanies the phrenic artery to the Diaphragm, which
some filaments passing to the suprarenal capsule. It arises from the

supphes
upper part
it
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Fig.

;

of the

semilunar ganghon, and

519.— Lnmbar portion

is

larger on the right than on the left

of the gangliated cord, with the solar
plexuses.
(After Henle.)

and hypogastric

Sepatic

Diaphragmatic ganglion
Suprarenal capsule-^m.

aiteiy

semilunar ganglion
•ior

mesenteric artery

Great
eat splanchnic nerve

splanchnic
nerve

Small splanchnic nerve

Right
semilunar
ganglion

Renal ganglion

Renal ga
Small splanchnic

Renal artery

Renal artery

mesenteric ganglion

Gangliated coid

Communicating branch

ich to aortic

plexus

Gangliated' cord of
sympathetic

Branch

to aortic plexus

Inferior mesenteric artery

Inferior'lmesenteric ganglion

Sacro-vertebral angle

Comjuon

iliac vein

Common

iliac artery

:
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side.
It receives one or two branches from the phrenic nerve.
In connection
with this plexus, on the right side, at its point of junction with the phrenic
nerve, is a small ganglion [ganglion diaphragmaticum).
This ganglion is placed
on the under sui'face of the Diaphragm, near the suprarenal capsule. Its branches
are distributed to the inferior vena cava, suprarenal capsule, and the hepatic
There is no ganglion on the left side.
plexus.
The suprarenal plexus is formed by branches from the solar plexus, from
the semilunar ganglion, and from the phrenic and great splanchnic nerves, a
ganglion being formed at the point of junction of the latter nerve. It supplies
the suprarenal capsule. The branches of this plexus are remarkable for their
large size, in comparison with the size of the organ they supply.
The renal plexus is formed by filaments from the solar plexus, the outer part
It is also joined by filaments
of the semilunar ganglion, and the aortic plexus.
from the lesser and smallest splanchnic nerves. The nerves from these sources,
fifteen or twenty in number, have numerous ganglia developed upon them.
They
accompany the branches of the renal artery into the kidney some filaments
on the right side being distributed to the inferior vena cava, and others to the
spermatic plexus, on both sides.
The spermatic plexus is derived from the renal plexus, receiving branches
from the aortic plexus. It accompanies the spermatic vessels to the testes.
In the female, the ovarian plexus is distributed to the ovaries and fundus of
;

the uterus.

The

from the solar plexus
and subdivides into the gastric, hepatic, and splenic
It receives branches from the lesser splanchnic nerves, and, on the
plexuses.
left side, a filament from the right pneumogastric.
The gastric or coronary plexus accompanies the gastric artery along the lesser
curvature of the stomach, and joins with branches from the left pneumogastric
it

coeliac plexus, of large size, is a direct continuation

surrounds the coeliac

nerve.

The

axis,

It is distributed to the

stomach.

hepatic plexus, the largest offset from the coeliac plexus, receives filaments

left pneumogastric and right phrenic nerves.
It accompanies the
hepatic artery, ramifying in the substance of the liver upon its branches, and
upon those of the vena portae.
Branches from this plexus accompany all the divisions of the hepatic artery.
Thus there is a pyloric plexus accompanying the pyloric branch of the hepatic,

from the

which joins with the gastric plexus and pneumogastric nerves. There is also a
gastro-duodenal plexus, which subdivides into the pancreatico-duodenal plexus,
which accompanies the pancreatico-duodenal artery, to supply the pancreas and
duodenum, joining with branches from the mesenteric plexus and a gastro;

which accompanies the right gastro-epiploic artery along the
greater curvature of the stomach, and anastomoses with branches from the
splenic plexus.
A cystic plexus, which supplies the gall-bladder, also arises from
epi-ploic plexiis,

the hepatic plexus, near the liver.

The splenic plexus is formed by branches from the coeliac plexus, the left
semilunar ganglia, and from the right pneumogastric nerve. It accompanies
the splenic artery and its branches to the substance of the spleen, giving off, in
its course, filaments to the pancreas {pancreatic plexus), and the left gastroepiploic plexus, which accompanie's the gastro-epiploica sinistra artery along the
convex border of the stomach.
The superior mesenteric plexus is a continuation of the lower part of the
great solar plexus, receiving a branch from the junction of the right pneumoIt surrounds the superior mesenteric
gastric nerve with the coeliac plexus.
artery, which it accompanies into the mesentery, and divides into a number of
secondary plexuses, which are distributed to all the parts supplied by the artery,
intestinal branches, which supply the
viz. pancreatic branches to the pancreas
whole of the small intestine and ileo-colic, right colic, and middle colic branches,
which supply the corresponding parts of the great intestine. The nerves com;

;
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posing this plexus are white in colour and firm in texture, and have numerous
ganglia developed upon them near their origin.
The aortic plexus is formed by branches derived, on each side, from the solar
plexus and the semilunar gangha, receiving filaments from some of the lumbar
gangha. It is situated upon the sides and front of the aorta, between the origins
of the superior and inferior mesenteric arteries.
From this plexus arise part of
the spermatic, the inferior mesenteric, and the hypogastric plexuses
and it
distributes filaments to the inferior vena cava.
The inferior mesenteric plexus is derived chiefly from the left side of the aortic
It surrounds the inferior mesenteric artery, and divides into a number
plexus.
of secondary plexuses, which are distributed to all the parts supplied by the
artery, viz. the left colic and sigmoid plexuses, which supply the descending and
sigmoid flexure of the colon
and the superior haemorrhoidal plexus, which
supplies the upper part of the rectum, and joins in the pelvis with branches from
;

:

the pelvic plexus.

HYPoaASTKic Plexus

The Hypogastric Plexus supplies the

viscera of

the pelvic cavity.

It is

promontory of the sacrum, between the two common
iliac arteries, and is formed by the union of numerous filaments, which descend
on each side from the aortic plexus, and from the lumbar ganglia. This plexus
contains no ganglia; and bifurcates, below, into two lateral portions, which form
situated in front of the

the pelvic plexus.

Pelvic Plexus

The Pelvic Plexus (sometimes

cdXledi inferior

hypogastric) supplies the viscera
rectum in the male, and at the

of the pelvic cavity, is situS^ted at the sides of the

sides of the

rectum and vagina in the female.

It is

formed by a continuation

of

the hypogastric plexus, by branches from the second, third, and fourth sacral
At the point
nerves, and by a few filaments from the first two sacral ganglia.
From this plexus numerous
of junction of these nerves, small ganglia are found.

branches are distributed to all the viscera
branches of the internal iliac artery.

The

of the pelvis.

They accompany

the

plexus arises from the back part of the pelvic
rectum, joining with branches of the superior htemor-

inferior lisemorrlioidal
It supplies the

plexus.

rhoidal plexus.

from the fore part of the pelvic plexus. The nerves
and contain a large proportion of spinal nerve-fibres.
They accompany the vesical arteries, and are distributed to the side and base of
the bladder.
Numerous filaments also pass to the vesiculae seminales and vas
deferens those accompanying the vas deferens join, on the spermatic cord, with
branches from the spermatic plexus.
The prostatic plexus is continued from the lower part of the pelvic plexus.
The nerves composing it are of large size. They are distributed to the prostate
The nerves
gland, vesiculse seminales, and erectile structure of the penis.
supplying the erectile structure of the penis consist of two sets, the small and
large cavernous nerves.
They are slender filaments, which arise from the fore
part of the prostatic plexus, and, after joining with branches from the internal

The

vesical plexus arises

composing

it

are numerous,

;

pudic nerve, pass forwards beneath the pubic arch.
The small cavernous nerves perforate the fibrous covering of the penis, near
its root.

The

large cavernous nerve passes forwards along the

dorsum

of the penis,

branch of the pudic nerve, and is distributed to the corpus
cavernosum and spongiosum.
The vaginal plexus arises from the lower part of the pelvic plexus. It is lost

joins with the dorsal

3K
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on the walls of the vagina, being distributed to the erectile tissue at its anterior
part and to the mucous membrane.
The nerves composing this plexus contain,
like the vesical, a large

proportion of spinal nerve-fibres.

The uterine plexus arises from the upper part of the pelvic plexus, above the
point where the branches from the sacral nerves join the plexus. Its branches
accompany the uterine arteries to the side of the organ between the layers of the
broad ligament, and are distributed to the cervix and lower part of the body of
the uterus, penetrating its substance.
Other filaments pass separately to the body of the uterus and Fallopian
tube.

Branches from the plexus accompany the uterine
of the uterus.

Upon

arteries into the substance

these filaments ganglionic enlargements are found.

OEGANS OF SENSE
Organs of the Senses are five in number
those of Touch, of Taste, of
THESmell,
of Hearing, and of Sight.
The skin, which
the principal seat of
:

viz.

is

the sense of touch, has been described in the chapter on General

Anatomy.

THE TONGUE
is the organ of the special sense of taste.
It is situated in the
the mouth, in the interval between the two lateral portions of the body
of the lower jaw.
Its base, or root, is directed backwards, and connected with the os hyoides by
the Hyo-glossi and Genia-hyo-glossi muscles and the hyo-glossal membrane

The tongue

floor of

;

Fig. 520.

— Upper surface of the tongue.

^

Ji

e,

*

with the epiglottis by three folds of mucous membrane, which form the glos&owith the soft palate by means of the anterior pillars of the
epiglottic ligaments
pharynx by the Superior constrictors and the mucous
with
the
fauces
and
against the
membrane.
Its apex, or tip, thin and narrow, is directed forwards
is contongue
the
of
surface
under
The
inner surface of the lower incisor teeth.
from its sides, the
lected with the lower jaw by the Genio-hyo-glossi muscles
mucous membrane is reflected to the inner surface of the gums and, in front, a
beneath its under
iistinct fold of that membrane, the frcenum lingum, is formed
;

;

;

;

urface.
•;

K

2
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The

tip of

the tongue, part of the under surface,

its

sides,

and dorsum are

free.

The dorsum of the tongue is convex, marked along the middle line by a raph6,
which divides it into symmetrical halves this raph6 terminates behind, about
an inch from the base of the organ, in a depression, the foramen ccecum. The
anterior two-thirds of this surface are rough and covered with papillae
the
posterior third is smoother, and covered by the projecting orifices of numerous
;

;

muciparous glands.

—

Structure of the tongue.
The tongue is partly invested by mucous membrane
and a submucous fibrous layer.
It consists of symmetrical halves, separated
from each other, in the middle hne, by a fibrous septum. Each half is composed
of muscular fibres arranged in various directions (page 415), containing much
interposed fat, and supplied by vessels and nerves.
The mucous membrane invests the entire extent of the free surface of the
tongue.
On the dorsum it is thicker behind than in front, and is continuous with
the sheaths of the muscles attached to it, through the submucous fibrous layer.
On the under surface of the organ, where it is thin and smooth, it can be traced
on each side of the fraenum, through the ducts of the submaxillary and the sublingual glands.
As it passes over the borders of the organ, it gradually assumes
its

papillary character.

The structure of the mucous membrane of the tongue differs in different parts.
That covering the under surface of the organ is thin, smooth, and identical in
Filiform
Fig. 521.

— The three kinds of

papillae,

magnified.

Fungiform

Secondary

painUm

Artery

Circumvallate

Vein

The mucous membrane on
and intimately adherent to
the muscular tissue, whilst that at the root is much thicker and looser.
It
consists of a layer of connective tissue, the corium or mucosa, supporting numerous
papillcB, and covered, as well as the papilla, with epithelium.
The epithelium is of the scaly variety, like that of the epidermis. It covers
the free surface of the tongue, as may be easily demonstrated by maceration or
boiling, when it can be easily detached entire it is much thinner than on the skin
the intervals between the large papillse are not filled up by it, but each papilla
has a separate investment from root to summit. The deepest cells may sometimes be detached as a separate layer, corresponding to the rete mucosum, but
structure with that lining the rest of the oral cavity.

the anterior part of the

dorsum

of the

tongue

:

is

thin

:

they never contain colouring matter.
The corium consists of a dense felt-work of fibrous connective tissue, with
numerous elastic fibres, firmly connected with the fibrous tissue forming the septa
between the muscular bundles of the tongue. It contains the ramifications of
the numerous vessels and nerves from which the papillae are supplied, large
plexuses of lymphatic vessels, and the glands of the tongue.
The iKvpillcR of the tongue. These are papilhuy projections of the corium.
They are thickty distributed over the anterior two-thirds of its upper surface,
giving to it its characteristic roughness. The varieties of papillae met with are the

—
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papillEe
iconicce,

maxima
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{corcumvallatce), papillge mediae {fungiformes), papillae
and papillge simplices.

minimse

ox filiformes),

The papillce viaximcs (circumvallatse) are of large size, and vary from eight to
twelve in number. They are situated at the back part of the dorsum of the
tongue, near its base, forming a row on each side, which, running backwards and
inwards, meet in the middle line, Hke the two lines of the letter V inverted.
Each papilla consists of a projection of mucous membrane from ^\j to J, of an
inch wide, attached to the bottom of a cup-shaped depression of the mucous
membrane the papilla is in shape like a truncated cone the smaller end beino;

;

downwards and attached to the tongue, the broader part or base projecting
on the surface and being studded with numerous small secondary papillge, which,
however, are covered by a smooth layer of the epithehum. The cup-shaped dedirected

pression forms a kind of fossa round the papilla, having a circular margin of about
the same elevation, covered with smaller papilla.
At the point of junction of the
two rows of papillae is the deep depression, the foramen cacum, mentioned above.

The iMinllm medice (fungiformes), more numerous than the preceding, are
and sparingly over the dorsum of the tongue but are found
chiefly at its sides and apex.
They are easily recognised, among the other

scattered irregularly
papillae,

by

their

;

large

size,

rounded

eminences, and deep red colour. They
are narrow at their attachment to the
tongue, but broad and rounded at their
free
extremities,
and covered with
secondary papillae. Their epithelial investment is very thin.

The

papillcB mininiCB (conicse or

Fig.

—

522.
Circumvallate papillae of
tongue of rabbit, showing position

of taste-goblets.

(Stolir.)

fili-

formes) cover the anterior two-thirds of
the dorsum of the tongue. They are very
minute, more or less conical or filiform in
shape, and arranged in lines corresponding in direction with the two rows of the
papillae circumvallatse
excepting at the
;

apex of the organ, w^here their direction
is
transverse.
They have projecting
from their apices numerous filiform
processes, or secondary papillge, which
are of a w^hitish tint, owing to the
thickness and density of the epithelium
«. Duct of gland
d. Serous gland,
g. Taste-goblets.
which they are composed, and
Primary septa, aud V, secondary septa, of papilte.
Muscular
fibres.
Medullated
nerve.
M.
which has here undergone a peculiar
modification, the cells having become
They concornified and elongated into. dense, imbricated, brush-like processes.
tain also a number of elastic fibres, w^hich render them firmer and more elastic

of

I

than the papilla of mucous membrane generally.
Simple papillce, similar to those of the skin, cover the whole of the mucous
membrane of the tongue, as well as the larger papilla. They consist of closely
set, microscopic elevations of the corium, containing a capillary loop, covered by
a layer of epithelium.

Structure of the papilla.

— The papilla apparently resemble in structure those

cone-shaped projection of connective tissue, covered
with a thick layer of squamous epithelium, and contain one or more capillary
loops, amongst which nerves are distributed in great abundance. If the epithelium
is removed, it will be found that they are not simple elevations hke the papilla
of the skin, for the surface of each is studded with minute conical processes of the
mucous membrane, which form secondary papilla (Todd and Bowman). In the
papilla circumvallata, the nerves are numerous and of large size in the papilla
of the cutis, consisting of a

;

fungiformes, they are also numerous, and terminate in a plexiform netw^ork, from
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which brush-hke branches proceed; in the papilla fiHformes, their mode of termination is uncertain. Bm-ied in the epidermis of the papillae circumvallatae, and
in some of the fungiformes, certain peculiar bodies called taste-goblets have been
described.* They are flask-like in shape, their broad base resting on the corium,
and their neck opening by an orifice between the cells of the epithelium. They
the external (cortical) are arranged in several
are formed by two kinds of cells
layers they are long and flattened, with tapering ends, and in contact by their
edges the tapering extremities extending from
:

;

;

Fig

Taste-goblets.

the base to the apex of the organ.
enclose the central cells (gustatory

They thus
cells),

which

are spindle-shaped, and have a large spherical

Both
nucleus about the middle of the cell.
extremities are filamentous, the outer or peripheral passes to the orifice of the taste-goblet,
where it ends in an extremely fine projection, the
taste-hair
the inner or central process is often
branched, and was supposed by Engelmann to be
continuous with the terminal fibril of a nerve the
:

;

a.

Central

cell.

h.

Cortical cell.

Lenhoss^k and others would

investigations

of

seem

however, that this

to prove,

is

not

so,

but

that the nerve fibrils after losing their medullary

sheaths enter the taste-goblet, and terminate in a
between the gustatory cells. Other nerve fibrils may be seen
ramifying between the cortical cells and terminating in fine extremities these,
however, are believed to be nerves of ordinary sensation and not gustatory.
Glands of the tongue. The tongue is provided with mucous and serous glands
and;lymphoid follicles.
The mucous glands are similar in structure to the labial and buccal glands.
They are found all over the surface of the mucous membrane of the tongue,
fine extremity

;

—

Fig. 524.

— Under surface of tongue, showing position and relations of gland of Blandin

and Nuhn.

(From a preparation

in the

Museum

of the

Eoyal College of Surgeons.)

Z>LOCtS

especially at the back part behind the circumvallate papillae, but also at the apex

and marginal parts. In connection with these glands, a special one has been
described by Blandin and Nuhn. It is situated near the apex of the tongue on
either side of the fraenum, and is covered over by a fasciculus of muscular fibre
derived from the Stylo-glossus and Inferior lingualis. It is from half an inch to
* These bodies are also found in considerable numbers at the side of the base of the
tongue, just in front of the anterior pillars of the fauces, and on the posterior surface of
the epiglottis and anterior surface of the soft palate.
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nearly an inch long, and about the thhd of an inch broad. It has from four to
six ducts, which open on the under surface of the apex.
The serous glands occur only at the back of the tongue in the neighbourhood
of the taste-goblets, their ducts opening for the most part into the fossse of
These glands are racemose, the duct branching into
the circumvallate papilla.
several minute ducts, which terminate in alveoli, lined by a single layer of more
Their secretion is of a watery nature, and probor less columnar epithelium.
ably assists in the distribution of the substance to be tasted over the taste area.

(Bbner.)

The lymphoid

follicles.

— The lymphoid tissue

the back of the tongue, between the epiglottis

is situated, for the most part, at
and the circumvallate papillae, and

—

Under surface of tongue, showing the distribution of nerves to this organ.
(From a preparation in the Museum of the Royal College of Surgeons.)

Fig. 525.

Hupo-qlos-

IiinaooexZA.

f§

(,

/

collected at numerous points into distinct masses known as lymphoid follicles.
Here and there in this situation are depressions in the mucous membrane
surrounded by nodules of lymphoid tissue, similar to the structure found in the
tonsil
into them open some of the ducts of the mucous glands.
The fihrous septum consists of a vertical layer of fibrous tissue, extending

is

:

throughout the entire length of the middle line of the tongue, from the base to the
It is thicker behind than in front,
apex, though not quite reaching the dorsum.
and occasionally contains a small fibro-cartilage, about a quarter of an inch

m

length.

It is well displayed

by making

The Hyo-glossal membrane

is

a vertical section across the organ.

a strong fibrous lamina,

which connects the

—
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under surface

membrane

of the base of the

tongue to the body

of the

hyoid bone.

This

some of the fibres of the Genio-hyo-glossi.
The arteries of the tongue are derived from the hngual,
Vessels of the tongue.
The veins of the tongue accompany the
the facial, and ascending pharyngeal.
receives, in front,

—

arteries.

— The

muscular fibres of the tongue run in various
two sets. Extrinsic and Intrinsic.
The Extrinsic muscles of the tongue are those which have their origin
external to it, and only their terminal fibres contained in the substance of the
Muscles of the Tongue.

directions.

These

fibres are divided into

They are the Stylo-glossus, the Hyo-glossus, the Palato-glossus, the
Genio-hyo-glossus, and part of the Superior constrictor of the pharynx (Pharyngo-

organ.

glossvis).

The Intrinsic muscles
and form the greater part
(page 413 et seq).

are those

which are contained entirely within the tongue,
Both sets have been already described

of its substance.

The lymphatic vessels from the to;2^«epass to one or two small glands situated
on the Hyo-glossus muscle in the submaxillary region, and from thence to the deep
glands of the neck.
nerves of the tongue are five in number in each half
the lingual branch
which is distributed to the papillae at the fore part and sides of the

The

:

of the fifth,

tongue

the lingual branch of the glosso-pharyngeal, which is distributed to the
at the base and side of the tongue, and to the papillae circum-

;

mucous membrane

the hypoglossal nerve, which is distributed to the muscular substance
the chorda tympani from the facial which joins the lingual and
it to the fore part and sides of the tongue, to which parts it probably serves as a nerve of taste and the superior laryngeal, which sends some

vallataB

;

tongue
accompanies
of the

;

;

branches to the root near to the epiglottis. Sympathetic filaments also pass
to the tongue from the nervi molles on the lingual and other arteries supplying
it.
The glosso-pharyngeal branch is the special nerve of the sense of taste the
lingual (gustatory) is the nerve of common sensation
and the hypoglossal is the
motor nerve of the tongue.
fine

;

;

—

Surgical Anatomy. The diseases to which the tongue is liable are numerous, and its
anatomy of importance, since any or all the structures of which it is composed
muscles, connective tissue, mucous membrane, glands, vessels, nerves, and lymphatics may
be the seat of morbid changes. It is not often the seat of congenital defects, though a few
cases of vertical cleft have been recorded, and it is occasionally, though much more rarely
than is commonly supposed, the seat of tongue tie,' from shortness of the frsenum (see
page 562)._
There is, however, one condition, which must be regarded as congenital, though it does
not sometimes evidence itseh until a year or two after birth, which is not uncommon.
Tliis is an enlargement of the tongue which is due primarily to a dilatation of the lymphchannels and a greatly increased development of the lymphatic tissue throughout the
organ. This is often aggravated by inflammatory changes induced by injury or exposure,
and the tongue may assume enormous dimensions and hang out of the mouth, giving the
child an imbecile expression.
The treatment consists in excising a V-shaped portion and
bringing the cut surfaces together with deeply placed silver sutures. Compression has
been resorted to in some cases and with success, but it is difticult to apply. Acute inflammation of the tongue, which may be caused by injury and the introduction of some septic or
irritating matter, is attended by great swelling from infiltration of its connective tissue,
which is in considerable quantit}'. This renders the patient incapable of swallowing or
speaking, and may seriously impede respiration. It may run on to suppuration, and
the formation of an acute abscess.
Chronic abscess, which has been mistaken for cancer,
may also occur in the substance of the tongue.
The mucous membrane of the tongue may become chronically inflamed, and presents
diff'erent appearances in different stages of the disease, to which the terms leucoplakia,
psoriasis, and ichthyosis have been given.
The tongue, being very vascular, is often the seat of nsevoid growths, and these have a
tendency to grow rapidly.
The tongue is frequently the seat of ulceration, which may arise from many causes, as
from the irritation of jagged teeth, dyspepsia, tubercle, syphilis, and cancer. Of these the
cancerous ulcer is the most important and probably also the most common. The variety
is the squamous epithelioma, which soon develops into an ulcer with an indurated base.
surgical

—

'
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produces great pain, which speedily extends to all parts supplied with sensation by the
nerve, especially to the region of tlie ear. The pain in these cases is conducted to
the ear and temporal region by the lingual nerve, and from it to the other branches of the
inferior maxillary nerve, especially the auriculo-temporal.
Possibly pain in the ear itself
may be due to implication of the fibres of the glosso-pharyngeal nerve, which by its
tympanic branch is conducted to the tympanic plexus.
Cancer of the tongue may necessitate removal of a part or the whole of the organ,
and many different methods have been adopted for its excision. It may be removed from
the mouth by the ecraseur or the scissors. Probably the better method is by the scissors,
usually known as Whitehead's method. The mouth is widely opened with a gag the
tongue transfixed with a stout silk ligature, by which to hold and make traction on it, and
the reflexion of mucous membrane from the tongue to the jaw, and the insertion of the
Genio-hyo-glossus first divided with a pair of curved, blunt scissors. The Palato-glossus
is also divided.
The tongue can now be pulled well out of the mouth. The base of the
tongue is cut through by a series of short snips, each bleeding vessel being dealt with
as soon as divided, until the situation of the ranine artery is reached.
The remaining
undivided portion of tissue is to be seized with a pair of Wells' forceps
the tongue
removed, and the vessel secured. In the event of the ranine artery being accidentally
injured, haemorrhage can be at once controlled, by passing two fingers over the dorsum of
the tongue as far as the epiglottis, and dragging the root of the tongue forcibly forwards.
In cases where the disease is confined to one side of the tongue, this operation may be
modified hj splitting the tongue down the centre and removhig only the affected half. In
cases where the submaxillary glands are involved, Kocher's operation should be performed.
He removes the tongue from the neck, having performed a preliminary tracheotomy, by
an incision fi-om near the lobule of the ear, down the anterior border of the Sterno-mastoid
to the level of the great cornu of the hyoid bone, then forwards to the body of the hyoid
bone, and upwards to near the sj^mphysis of the jaw. The lingual artery is now secured,
and by a careful dissection the submaxillary lymphatic glands and the tongue removed.
Regnoli advocated the removal of the tongue by a semilunar incision in the submaxillary
triangle, along the line of the lower jaw, and a vertical incision from the centre of the
semilunar one backwards to the hyoid bone. Care must be taken not to carry the first
incision too far backwards, so as to wound the facial arteries.
The tongue is thus reached
through the floor of the mouth, pulled out through the external incision, and removed with
the ecraseur or knife.
The great objection to this operation is that all the muscles which
raise the hyoid bone and larynx are divided, and that therefore the movements of
It

fifth

;

;

deglutition and respiration are interfered with.
Finally, where both sides of the floor of the mouth are involved in the disease, or where
very fcee access is required on account of the extension backwards of the disease to the
pillars of the fauces and the tonsil, or where the lower jaw is involved, the operation

recommended by Syme must be performed. This is done by an mcision through the
The lower jaw
central line of the lip, across the chin, and down as far as the hyoid bone.
is sawn through at the symphysis, and the two halves of the bone forcibly separated
from each other. The mucous membrane is separated from the bone, and the Geniohyo-glossi detached from the bone, and the Hyo-glossi divided. The tongue is then drawn
forwards, and removed close to its attachment to the hyoid bone. Any glands which are
enlarged can be removed, and if the bone is implicated in the disease, it can also be
freeing it from the soft parts externally and internally, and making a second
section with the saw beyond the diseased part.
Formerly many surgeons before removing the tongue performed a preliminary
tracheotomy ( i to prevent blood entering the air passages and (2) to allow the patient
to breathe through the tube and not inspire air which had passed over a sloughy wound,
and which was loaded with septic organisms and likely to induce septic pneumonia. By
the judicious use of iodoform, this secondary evil may be obviated, and the prelimmary
tracheotomy is now usually dispensed with.

removed by

:

;

)

THE NOSE
The nose

is

the

peculiar properties of
deleterious gases,

and

special
its

organ of the sense of smell: by means of the
of
it protects the lungs from the inhalation

nerves,

assists the

organ of taste in discriminating the properties

of food.

The organ

of smell consists of

two parts

;

one external, the nose

;

the other

internal, the nasal fosses.
It is
anterior and prominent part of the organ of smell.
dkected vertically downwards, and projects from the centre
Its summit, or root, is connected
of the face, immediately above the upper hp.
the
base of the nose, presents two
part,
inferior
Its
directly with the forehead.
antero-posterior
elliptical orifices, the nostrils, separated from each other by an

The

nose

is

the

more

of a triangular form,
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The margins of these orifices are provided with a numher
which arrest the passage of foreign substances carried
with the current of air intended for respiration. The lateral surfaces of the nose
form, by their union, the dorsum, the direction of which varies considerably in
different individuals. The dorsum terminates below in a rounded eminence, the
septum, the cokimna.

of stiff hairs, or vibrissce,

lobe of the nose.

The nose is composed of a framework of bones and cartilages, the latter
being slightly acted upon by certain muscles. It is covered externally by the
integument, internally by mucous membrane, and supplied with vessels and
nerves.

The bony framework occupies the upper part of the organ it consists of the
nasal bones, and the nasal processes of the superior maxillary.
The cartilaginous frameioork consists of five pieces, the two upper and the two
lower lateral cartilages, and the cartilage of the septum.
:

The upper

lateral cartilages are situated below the free margin of the nasal
each cartilage is flattened, and triangular in shape. Its anterior margin is
thicker than the posterior, and connected with the cartilage of the septum.
Its
posterior margin is attached to the nasal process of the superior maxillary and

bones

;

Figs. 526, 527.

— Cartilages of the nose.

SEEN FROM BELOW

lateral cartilage

-^'Sesamoid cartilages

nasal bones.

kl.

'jmi

margin is connected by fibrous tissue with the lower
one surface is turned outwards, the other inwards towards the

Its inferior

lateral cartilage

:

nasal cavity.
The lower lateral cartilages are two thin, flexible plates, situated immediately
below the preceding, and bent upon themselves in such a manner as to form the
The portion which forms the
inner and outer walls of each orifice of the nostril.
inner wall, thicker than the rest, is loosely connected with the same part of the
opposite cartilage, and forms a small part of the columna. Its inferior border,
free, rounded, and projecting, forms, with the thickened integument and subjacent
The
tissue, and the corresponding parts of the opposite side, the tip of the nose.
part which forms the outer wall is curved to correspond with the ala of the nose
it is oval and flattened, narrow behind, where it is connected with the nasal
process of the superior maxilla by a tough fibrous membrane, in which are found
three or four small cartilaginous plates (sesamoid cartilages), cartilagines minores.
Above, it is connected to the upper lateral cartilage and front part of the
;

cartilage of the

by dense
nose.

septum

below,

;

cellular tissue

;

and

it

is

separated from the margin of the nostril
it forms, with its fellow, the lobe of the

in front,

NASAL FOSS^
The
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cartilage of the septum is somewhat quadrilateral in forra, thicker at its
at its centre, and completes the separation between the nasal fossa in

margins than

Its anterior margin, thickest above, is connected from above downwards
with the nasal bones, the anterior margin of the two upper lateral cartilages, and
the inner portion of the two lower lateral cartilages.
Its posterior margin is
connected with the perpendicular lamella of the ethmoid its inferior margin with
the vomer and the palate processes
of the superior maxillary bones.
p^^ ,^g -Bones and cartilages of septum of
front.

;

These various cartilages are
connected to each other, and to the
bones, by a tough fibrous membrane, which allows the utmost
facility of movement between them.

nose.

Eight

side.

The muscles of the nose are
situated immediately beneath the
integument they are (on each side)
the Pyramidalis nasi, the Levator
:

superioris alseque nasi, the
Dilatator naris, anteriof and posterior, the Compressor nasi, the
labii

Compressor narium minor, and the
Depressor alae nasi.
They have
been described above (page 395).

The integimient covering the
dorsum and sides of the nose is
thin, and loosely connected with
the subjacent parts but where it forms the tip, or lobe, and the alge of the nose,
it is thicker and more firmly adherent.
It is furnished with a large number of
sebaceous follicles, the orifices of which are usually very distinct.
The mucous membrane, lining the interior of the nose, is continuous with the
skin externally, and with that which lines the nasal fossae within.
The arteries of the nose are the lateralis nasi from the facial, and the inferior
artery of the septum from the superior coronary, which supply the alffi and septum
the sides and dorsum being supplied from the nasal branch of the ophthalmic and
:

;

the infra-orbital.

The
The

veins of the nose terminate in the facial and ophthalmic.
nerves of the nose are branches from the facial, infra-orbital, and infratrochlear, and a filament from the nasal branch of the ophthalmic.

Nasal Foss^
The nasal fossae are two irregular cavities situated in the middle of the face,
and extending from before backwards.
They open in front by the two anterior
nares, and terminate in the pharynx, behind, by the posterior nares.
The
anterior nares are somewhat pear-shaped apertures, each measuring about one
inch vertically and half an inch transversely at their widest part. The posterior
nares are two oval openings, situated at the upper part of the anterior wall of the
pharynx. They are smaller in the body than in the skeleton, because narrowed
by the mucous membrane. Each opening measures an inch in the vertical, and
half an inch in the transverse direction in a well-developed adult skull.
The mucous membrane lining the nasal fossse is called the pituitary from the
nature of its secretion or Schneiclerian, from Schneider, the first anatomist who
showed that the secretion proceeded from the mucous membrane, and not, as was
formerly imagined, from the brain. It is intimately adherent to the periosteum
or perichondrium, over which it lies.
It is continuous externally with the skin
through the anterior nares, and with the mucous membrane of the pharynx
;

through the posterior nares.

From

the nasal fossae

its

continuity

may

be traced
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with the conjunctiva, through the nasal duct and lachrymal canals with the
lining membrane of the tympanum and mastoid cells, through the Eustachian
tube and with the frontal, ethmoidal, and sphenoidal sinuses, and the antrum of
Highmore, through the several openings in the meatuses. The mucous membrane
It is also thick over
is thickest, and most vascular, over the turbinated bones.
the septum but, in the intervals between the spongy bones, and on the floor of
the nasal fossaB, it is very thin. Where it lines the various sinuses and the antrum
;

;

;

of

Highmore,

it is

thin

and

pale.

membrane, the nasal fossae are much
narrower, and the turbinated bones, especially the lower ones, appear larger and
From the same circumstance, also, the
more prominent than in the skeleton.
various apertures communicating with the meatuses are either narrowed or

Owing

to the great thickness of this

completely closed.

In the superior meatus, the aperture of communication with the posterior
ethmoidal cells is considerably diminished in size, and the spheno -palatine foramen
completely covered in.
Fig. 529.

— Transverse vertical section of the nasal

jAv

fossae.

(Henle.

'Superior tiirlnnatecl hone

-

Ethmoidal sinus
Middle
turhinated hone

'

In

the

middle meatus, the opening of the infundibulum

a projecting fold of

mucous membrane, and the

to a small circular aperture,

In

is

oriiice of the

much narrower than

Inferior
turhinated hone

partially hidden

antrum

is

by

contracted

in the skeleton.

hidden by
and the anterior palatine canal
either completely closed in, or a tubular cul-de-sac of mucous membrane is continued a short distance into it. This cul-de-sac is termed the organ of Jacobson, and
is present in all mammals as well as man.
In the former it consists of a
bilateral tube, situated in the nasal septum and supported by hyaline cartilage,
the inferior meatus, the orifice of the nasal duct is partially

either a single or double valvular

mucous

fold,

the cartilage of Jacobson.
In the roof, the opening leading to the sphenoidal sinuses is narrowed, and the
apertures in the cribriform plate of the ethmoid completely closed in.
Structure of the mucous membrane.
The epithelium covering the mucous
membrane differs in its character according to the functions of the part of the

—

NASAL FOSS^
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it is found.
Near the orifice of the nostril, the vestibule, where
sensation is chiefly or alone required, the epithelium is of the ordinarypavement or scaly variety. In the rest of the cavity, below the distribution of the

nose in which

common

olfactory nerves,

i.e.

in the respu'atory portion of the nasal cavity, the epithelium

columnar and ciliated. This is the case also in the meatuses of the nose. In
this region, beneath the epithelium and its basement membrane, is a fibrous
layer infiltrated with lymph-corpuscles, so as to form in many parts a diffuse
adenoid tissue, and beneath this a nearly continuous layer of smaller and larger
glands, some mucous and some serous, the ducts of which open upon the surface.
In the olfactory region, i.e. the region in which the terminal filaments from the
olfactory nerves are distributed (see page 777), the epithelial cells are columnar
and non-ciliated, and contain an oval nu.cleus, situated in the deeper part of
the cell their free surface presents a sharp outline, and their deep extremity is
prolonged into a process which runs inw^ards, branching to communicate with
similar processes from neighbouring cells, so as to form a network in the deep
Lying between these central processes of the
part of the mucous membrane.
columnar cells are a large number of spindle-shaped cells (termed by Ma^s
Schultze, olfactory cells), which consist of a large spherical nucleus surrounded by
a small amount of granular protoplasm, and possessing two processes, of which
one runs outwards between the columnar epithelial cells, and projects on the
is

:

surface of the mucous membrane the other (the deep) process runs inwards, is
frequently beaded like a nerve-fibre, and is believed by most observers to be in
connection with one of the terminal filaments of the olfactory nerve. Amongst
the branched ends of the columnar cells there is a deep layer of epithelial cells,
;

of a conical shape, their

broad end resting on the basement membrane, and their

tapering extremity projecting beBeneath
tween the other cells.
the epithelium, extending through
the thickness of the mucous mem-

FiG. 530.

— Nerves

of

septum

of nose.

Rierht side.

brane, is a layer of glands, the
glands of Bowman, identical in
structure with serous glands.

The mucous membrane is pigmented in the olfactory, but not in
the other regions, being of a light
yellow colour, at least in the white
races.*

The

arteries of the nasal fosses
the anterior and posterior
ethmoidal, from the ophthalmic,
which supply the ethmoidal cells,

are

frontal

sinuses,

and roof

of

the

nose a minute twdg from the small
meningeal
the spheno-palatine,
from the internal maxillary, which supplies the mucous membrane covering the
spongy bones, the meatuses and septum the inferior artery of the septum from
the superior coronary of the facial; and the alveolar branch of the internal
maxillary, which suppHes the hning membrane of the antrum. The ramifications
of these vessels form a close, plexiform network, beneath and in the substance
;

;

;

mucous membrane.
The veins of tJie nasal fossce form a close network beneath the mucous
membrane. They pass, some with the veins accompanying the spheno-palatine
of the

artery,

and others, through the alveolar
the ethmoidal arteries, and
accompany
vein; some

through the spheno-palatine foramen

branch, to join the facial

;

interesting speculation has been suggested by Dr. W. Ogle {Med.-Chir. Trans.
277) as to the possible connection between the presence and abundance of this
pigment and the perfection of the sense of smell.
*

An

.vol. liii. p.
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terminate in the ophthalmic vein

;

and, lastly, a few communicate with the veins

in the interior of the skull, through the foramina in the cribriform plate of the

ethmoid bone, and the foramen caecum.

The

nerves are

:

the olfactory, the nasal branch of the ophthalmic, filaments
of the superior maxillary, the Vidian, the

from the anterior dental branch
naso-palatine, descending

anterior palatine,

and nasal branches

Meckel's

of

ganglion.

The olfactory, the special nerve of the sense of smell, is distributed over the
upper third of the septum, and over the surface of the superior and middle
spongy bones.
The nasal branch of the ophthalmic distributes filaments to the fore part of
the septum, and outer wall of the nasal fossae.
Filaments from the anterior dental branch of the superior maxillary supply the
inferior meatus and inferior turbinated bone.
The Vidian nerve supplies the upper and back part of the septum, and superior
spongy bone and the upper anterior nasal branches from the spheno-palatine
ganglion have a similar distribution.
The naso-palatine nerve supphes the middle of the septum.
The larger, or anterior palatine nerve supplies the middle and lower spongy
;

bones.

—

Surgical Anatomy. Instances of congenital deformity of the nose are occasionally
with, siicli as complete absence of the nose, an aperture only being present or perfect
development on one side, and suppression or malformation on the other or there may be
imperfect apposition of the nasal bones, so that the nose presents a median cleft or furrow.
Deformities which have been acquired are much more common, such as flattening of
the nose, the result of syphilitic necrosis or imperfect development of the nasal bones
or a lateral deviation of the nose may result from ft-acture.
in cases of congenital syphilis
The skin over the alae and tip of the nose is thick and closely adherent to subjacent
Inflammation of this part is therefore very pamful, on account of the tension. It is
parts.
largely supplied with blood, and, the circulation here being terminal, vascular engorgement
is liable to occur, especially in women at the menopause, and
both sexes from disorders
of digestion, exposure to cold, etc. The skin of the nose also contains a large number of
sebaceous follicles, and these, as the result of intemperance, are apt to become affected and
the nose reddened, congested, and irregularly swollen. To this the term grog-blossom
In some of these cases there is enormous hypertrophy of the skin and
is popularly applied.
subcutaneous tissues, producing pendulous masses, termed lipomata nasi. Epithelioma
and rodent ulcer maj' attack the nose, the latter being the more common of the two.

met

;

;

;

;

m

'

'

Lupus and syphilitic ulceration frequently attack the nose, and may destroy the whole of
the cartilaginous portion. In fact, lupus vulgaris begins more frequently on the ala of
the nose than in any other situation.
Cases of congenital occlusion of one or both nostrils, or adhesion between the ala and
septum, may occur and may require immediate operation, since the obstruction much
Bony closure of the posterior nares may also occur.
interferes with sucking.
To examine the nasal cavities, the head should be thrown back and the nose drawn
upwards, the parts being dilated by some form of speculum. It can also be examined
with the little finger or a probe, and in this way foreign bodies detected. A still more
extensive examination can be made by Eouge's operation, which Avas introduced for the
cure of ozaena, by the reinoval of any dead bone which may be present in this disease.
The whole framework of the nose is lifted up by an incision made inside the mouth,
through the junction of the upper lip with the bone the septum nasi and the lateral
cartilages are divided with strong scissors till the anterior nares are completely exposed.
The posterior nares can be explored by reflected light from the mouth, by which the
The examination is very difficult to carry out, and, as
posterior nares can be illuminated.
a rule, sufficient information regarding the presence of foreign bodies or tumours in the
naso-pharynx can be obtained by the introdiiction of the finger behind the soft palate
through the mouth. The septum of the nose may be displaced or deviate from the
middle line this may be the result of an injury or from some congenital defect in its
development. Sometimes the deviation may be so great that the septum may come in
contact with the outer wall of the nasal fossae, and may even become adherent to it, thus
producing complete obstruction. Perforation of the septum is not an uncommon affection,
and may arise from several causes syphilitic or tuberculous i;lceration, blood tumour or
abscess of the septum, and es^Decially in workmen exposed to the vapour of bichromate of
When small, the perforation
potash, from the irritating and corrosive action of the fumes.
may caiase a peculiar whistling sound during respiration. When large, it may lead to the
falling in of the bridge of the nose.
;

:

:
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Epistaxis is a verj^ common affection in children. It is rarely of much consequence, and
will almost alwaj's subside, but in the more violent haemorrhages of later life it may be
necessary to plug the posterior nares. In performing this operation it is desirable to
ready method of regulating the size of the
remember the size of the posterior nares.
plug to fit the opening is to make it of the same size as the terminal phalanx of the thumb

A

of the patient to be operated on.

common

and presents itself in three forms the
first is by far the most common.
It
grows from the mucous membrane of the outer wall of the nasal fossa, where there is
an abundant layer of highly vascular submucous tissue rarely from the septum, where
the mucous membrane is closely adherent to the cartilage and bone, without the intervention of much, if any, submticous tissue. Their most common seat is probably the
middle turbinated bone. The fibrous polypus generally grows from the base of the skull
behind the posterior nares, or from the roof of the nasal fossae. The malignant polypi,
both sarcomatous or carcinomatous, may arise in the nasal cavities and the nasothe antrum, and protrude through its inner wall into
pharynx or they may originate
Nasal polypus

is

a very

gelatinous, the fibrous,

and the

disease,

ixialignant.

:

The

;

m

;

the nasal fossa.
Ehinoliths, or nose-stones,

may sometimes be found in the nasal cavities, from the formation of phosphate of lime, upon either a foreign body or a piece of inspissated secretion.

THE EYE
The eyeball is contained in the cavity of the orbit. In this situation it is
securely protected from injury, whilst its position is such as to ensure the most
extensive range of sight. It is acted upon by numerous muscles, by which it is
capable of being directed to any part it is supplied by vessels and nerves, and
is additionally protected in front by several appendages, such as the eyebrow,
;

eyelids, etc.

The eyeball is embedded in the fat of the orbit, but is surrounded by a
membranous sac, the capsule of Tenon, which isolates it, so as to allow of

thin
free

movement.
The capsule of Tenon {tunica vaginalis oculi) may be regarded as a distinct
serous membrane, consisting of a parietal and visceral layer. The latter invests
the posterior part of the globe from the ciliary margin of the cornea backwards to
the enti-ance of the optic nerve, and is connected to it by very delicate connective
the former (parietal) lines the hollow in the fat in which the eyeball is
tissue
embedded, and is continued in front into the conjunctiva. It is strengthened in
front at its lower part by a band of fibrous tissue, the ligamentum suspensorium
oculi, which stretches across the orbit from its inner to its outer wall and forms
a sort of sling for the eyeball. Both layers are lined on their free surfaces by
The cavity between them is continuous with the spaces
endothelial cells.
between the different layers of the sheath of the optic nerve that is to say, with
the subaracknoidean between the pia-matral and the arachnoid sheath, and the
subdural between the arachnoid and dural sheath— and into it empty the
lymphatic vessels of the sclerotic. The capsule is pierced by the muscles of the
eyeball near their insertion, and sends tubular prolongations on them, which
become continuous with the sheath of the muscles. From the outer surface of
these sheaths, expansions, consisting of elastic fibres and muscle cells, are given
off to the margin of the orbit, which serve to limit the degree of contraction of
;

—

the muscles.*
The eyeball

The
of segments of two spheres of different sizes.
one of a small sphere, and forms about one-sixth of the eyeIt is more prominent than the posterior segment, which is one of a much
ball.
The segment of the
larger sphere, and forms about five-sixths of the globe.
larger sphere is opaque, and formed by the sclerotic, the tunic of protection to
the eyeball the smaller sphere is transparent, and formed by the cornea. The
axes of the eyeballs are nearly parallel, and do not correspond to the axes of the
is

anterior segment

composed

is

;

orbits
*

part

which are directed outwards.

See a paper by Mr. C.
i.

p.

I.

The

optic nerves follow the direction of the

B. Lockwood, Journal of Anatomy and Physiology,

vol. xx.
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axes of the orbits and are therefore not parallel; they enter the eyeball a little to
The eyeball measures rather more in its transverse
than in its antero-posterior and vertical diameters, the former amounting to about
their inner or nasal side.

an inch, the

The

latter to

eyeball

is

about nine-tenths of an inch.

composed

of several investing tunics,

and

and

of fluid

solid

refracting media, called humours.

Tunics of the Eye

The

tunics are three in

number

:

2.

and Cornea.
Choroid, Iris, and Ciliary Processes,

3.

Eetina.

1.

Sclerotic

I.

The Sclerotic and Cobnea

The sclerotic and cornea (fig. 531) form the external tunic of the eyeball they
are essentially fibrous in structure, the sclerotic being opaque, and forming the
the cornea, which forms the remaining sixth,
posterior five-sixths of the globe
;

;

being transparent.

The Sclerotic (cr«:Xy?po9, hard) has received its name from its extreme density
and hardness it is a firm, unyielding, fibrous membrane, serving to maintain
the form of the globe. It is much thicker behind than in front. Its external
surface is of a white colour, quite smooth, except at the points where the
Eecti and Obliqui muscles are inserted into it, and covered for part of its
extent by the conjunctival membrane hence the whiteness and brilliancy of the
Its inner surface is stained of a brown colour, marked by
front of the eyeball.
grooves, in which are lodged the ciliary nerves, and connected by an exceedingly
;

:

fine cellular tissue {lamina fusca)

with the outer surface of the choroid.

Behind,

pierced by the optic nerve a little to its inner or nasal side, and is continuous
with the fibrous sheath of the nerve, which is derived from the dura mater. At
the point where the optic nerve passes through the sclerotic, this membrane forms
the minute orifices in this layer
a thin cribriform lamina (the lamina cribrosa)
it is

;

serve for the transmission of the nervous filaments, and the fibrous septa dividing
them from one another are continuous with the membranous processes which

One of these openings, larger than the
separate the bundles of nerve-fibres.
occupies the centre of the lamella it is called the porus opticus, and transmits the arteria centralis retinge to the interior of the eyeball. x\round the
cribriform lamella are numerous small apertures for the transmission of the
ciliary vessels and nerves, and about midway between the margin of the cornea
and the entrance of the optic nerve are four or five large apertures, for the trans-

rest,

;

mission of veins {vence. vorticosce). In front the sclerotic is continuous with the
cornea by direct continuity of tissue, but the opaque sclerotic overlaps the cornea
rather more on its outer than on its inner surface.
Structure.
The sclerotic is formed of white fibrous tissue intermixed with

—

fine elastic fibres,

and

of flattened connective-tissue corpuscles,

are pigmented, contained in cell-spaces between the fibres.

some

These

of

which

fibres

are

aggregated into bundles, which are arranged chiefly in a longitudinal direction.
Its vessels are not numerous, the capillaries being
It yields gelatin on boiling.
The existence of nerves in it is
of small size, uniting at long and wide intervals.
dovibtful.

The Cornea is the projecting transparent part
and forms the anterior sixth of the globe.

of the external tunic of the

almost circular in shape,
broader in the transverse than in the vertical direction. It
is convex anteriorly, and projects forwards from the sclerotic in the same manner
that a watch-glass does from its case.
Its degree of curvature varies in different
individuals, and in the same individual at different periods of life, it being more
eyeball,

occasionally a

little

It is

THE COENEA
prominent in youth than in advanced hfe, when it becomes flattened. The
cornea
dense and of uniform thickness throughout its posterior surface is
perfectly
circular in outhne, and exceeds the anterior surface slightly in extent,
from the
latter being overlapped by the sclerotic.
Structure.— The cornea consists of four layers namely (i) several strata
of epithehal cells, continuous with those of the conjunctiva
(2) a thick central
is

;

:

;

fibrous structure, the cornea 'proper

;

a

(3)

homogeneous

elastic

lamina

;

and

(4)

a single layer of epithelial cells, forming part of the lining membrane of the
anterior chamber of the eyeball. The name of memhrane of Descemet or Demoicrs

given to this posterior elastic lamina and its endothehal coating.
The conjunctival epithelium, which covers the front of the cornea proper,
consists of several strata of epithehal cells.
The lowermost cells are colunmar
then follow two or three layers of polyhedral cells, some of which present ridges
and furrows, similar to those found in the cuticle. Lastly, there are three or
four layers of scaly epithelium, with flattened nuclei.
is

:'

Fig. 531.

t
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^\\% proper substance of the cornea is fibrous, tough, unyielding; perfectly
and continuous with the sclerotic, with which it is identical in

transparent,

It is composed of about sixty flattened lamellae, superimposed one on
These lamellge are made up of bundles of fibrous connective tissue, the
The
fibres of which are directly continuous with the fibres of the sclerotic.
those of
fibres of each lamella are for the most part parallel with each other
Fibres, however, frequently
alternating lamellae at right angles to each other.
pass from one lamella to the next.
The lamellae are connected with each other by an interstitial cement-substance,
in which are spaces, the corneal spaces.
The spaces are stellate in shape and
have numerous offsets, by which they communicate, with other spaces. Each
space contains a cell, the corneal corptiscle, which resembles in form the space
in which it is contained, but does not entirely fill it.
Immediately beneath the conjunctival epithelium, the cornea proper presents

structure.

another.

;

3L
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which have led some anatomists to regard it
has been named by Bowman the anterior elastic
It differs, however, from the true elastic lamina or membrane of
lamina.
Descemet in many essential particulars, presenting evidence of fibrillar structure,
and not having the same tendency to curl inwards, or to undergo fracture, when
detached from the other layers of the cornea. It consists of extremely closely
interwoven fibrils, similar to those found in the rest of the cornea proper, but
contains no corneal corpuscles. It seems therefore more proper to regard it as
a part of the proper tissue of the cornea.*
The posterior elastic lamina, which covers the proper structure of the cornea
It consists
behind, presents no structure recognisable under the microscope.
of a hard, elastic, and perfectly transparent homogeneous membrane, of extreme
It is
thinness, which is not rendered opaque by either water, alcohol, or acids.
very brittle, but its most remarkable property is its extreme elasticity, and the
tendency Avhich it presents to curl up, or roll upon itself, with the attached
surface innermost, when separate from the proper substance of the cornea.
Its
use appears to be (as suggested by Dr. Jacob) to preserve the requisite permanent
correct curvature of the flaccid cornea proper.'
At the margin of the cornea this posterior elastic membrane breaks up into
fibres to form a reticular structure at the outer angle of the anterior chamber,
the intervals between the fibres forming small cavernous spaces, the spaces of
Fontana. These little recesses communicate with a somewhat larger space in
This is ihe
the substance of the sclerotic close to its junction with the cornea.
canal of Schlemm, or sinus circularis iridis, and, according to some authors, is a
lymph canal, but according to others is a venous sinus. Some of the fibres of
this reticulated structure are continued into the front of the iris, forming the
ligamentum pectinatum iridis while others are connected with the fore part of
certain characteristic differences,

as a distinct

membrane, and

it

'

;

the sclerotic and choroid.
The endothelial lining of the aqueous chamber covers the posterior surface of
the posterior elastic lamina.
It consists of a single layer of polygonal flattened
transparent nucleated cells, similar to those found lining other serous cavities.

and Nerves.

— The

cornea is a non-vascular structure, the capillary
circumference. Lymphatic vessels have not
as yet been demonstrated in it, but are represented by the channels in which the
bundles of nerves run these are lined by an endothelium, and are continuous
with the cell-spaces. The nerves are numerous, twenty-four to thirty-six in
number (Kolliker) forty to forty-five (Waldeyer and Siimisch) they are derived
from the ciliary nerves, and enter the laminated tissue of the cornea. They
ramify throughout its substance in a delicate network, and their terminal filaments
form a firm and closer plexus on the surface of the cornea proper beneath the
epithelium.
This is termed the subepithelial plexus, and from it fibrils are given
off which ramify between the epithelial cells, forming a network which is termed
Arteries

vessels terminating in loops at

its

;

;

;

the intra-epithelial plexus.

—

Dissection. In order to separate the sclerotic and cornea, so as to expose the second
tunic, the eyeball should be immersed in a small vessel of water, and held between the
finger and thumb.
The sclerotic is then carefully incised, in the equator of the globe, till
the choroid is exposed. One blade of a pair of probe-pointed scissors is now introduced
through the opening thus made, and the sclerotic divided around its entire circumference,
and removed in separate portions. The front segment being then drawn forwards, the
handle of the scalpel should be pressed gently against it at its connection with the iris,

and these being separated, a quantity of perfectly transparent fluid will escape this is
the aqueous humour. In the course of the dissection, the ciliary nerves may be seen
lying in the loose cellular tissue between the choroid and sclerotic, or contained in delicate
grooves on the inner surface of the latter membrane.
;

* This layer has been called
by Eeichert the anterior limiting layer,' a
appears more applicable to it than that of anterior elastic lamina.'
'

'

name which

THE CHOEOID
The Choroid,

II.

The Second Tunic
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and Ciliary Processes

Ieis,

Eye is formed by the choroid behind the iris and
and by the ciHary muscle, opposite the junction of the

of the

;

cihary processes in front
sclerotic and cornea.

;

The choroid is the vascular and pigmentary tunic of the eyeball, investing
the
posterior five-sixths of the globe, and extending as far forwards
as the cornea;
the ciHary processes being appendages of the choroid developed

from its inner
the circular muscular septum, which hangs vertically
behind the cornea, presenting in its centre a large circular aperture, the
pupil.
The ciHary muscle forms the white ring observed at the point where the choroid
and iris join with each other, and with the sclerotic and cornea.
The Choroid is a thin, highly vascular membrane, of a dark brown or chocolate
colour, which invests the posterior five-sixths of the central part of
the globe.
surface in front.

The

W

iris is

Fig. 5.32.— Th.

'

1

and

iris.

(Enlarged.)

I

I

It is pierced behind by the optic nerve, and extends in front as far forwards as
the ciliary ligament, where it is connected with the iris, and bends inwards,
forming on its inner surface a series of folds or plaitings, the ciliary processes.
It is

thicker behind than in front.

web with the inner

Externally,

surface of the sclerotic.

it

is

connected by a fine cellular

Its inner surface is attached to the

retina.

—

Structure.
The choroid consists mainly of a dense capillary plexus and of
small arteries and veins, carrying the blood to and returning it from this plexus.
On its external surface, i.e. the surface nex;t the sclerotic, is a thin membrane of
fine elastic fibres, arranged in lamellae, which are covered with endothelium, and
form spaces, which communicate by perforations in the sclerotic, through which
This layer is named
the vessels and nerves enter, with the capsule of Tenon.
the lamina suprachoroidea, and is loosely connected with the lamina fusca of the
sclerotic.

Internal to this is the choroid proper, and in consequence of the smaU arteries
and veins being arranged on the outer surface of the capiUary network, it is
customary to describe this as consisting of two layers the outermost composed
:

3

L

2
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of small arteries

and

veins, with pigment-cells interspersed

between them, and

The external layer consists, in part, of
the inner consisting of a capillary plexus.
the larger branches of the short ciliary arteries which run forwards between the
bend inwards to terminate in the capillaries but is formed
which are named, from their arrangement, vence. vorticoscs.
They converge to four or five equidistant trunks, which pierce the sclerotic
midway between the margin of the cornea and the entrance of the optic nerve.
Interspersed between the vessels are lodged dark star-shaped pigment-cells, the
fibrous offsets from which, communicating with similar branchings from neighbouring cells, form a delicate network or stroma, which towards the inner surface
The mternal layer consists of an
of the choroid loses its pigmentary character.
exceedingly fine capillary plexus, formed by the short ciliary vessels, and is known
The network is close, and finer at the hinder part of
as the tunica Buyschiana.
About half an inch behind the cornea its meshes
the choroid than in front.
become larger, and are continuous with those of the ciliary processes. On the

veins, before they

;

principally of veins,

inner surface of this tunic
Fig. 533.

is

a very thin, structureless, or, according to Kolliker,

—-The veins of the choroid.

(Enlarged.)

faintly fibrous membrane, called the lamina vitrea
it is closely connected with
the stroma of the choroid, and separates it from the pigmentary layer of the
;

retina.

The ciliary processes should now be examined. They raay be exposed, either by
detachmg the iris from its connection with the Ciliary muscle, or by making a transverse
section of the globe, and examining them from behind.

The ciliary processes are formed by the plaiting and folding inwards of the
various layers of the choroid (i.e. the choroid proper and the lamina vitrea) at its
anterior margin, and are received between corresponding foldings of the suspensory
hgament

of the lens, thus estabhshing a connection between the choroid and
inner tunic of the eye. They are arranged in a circle, and form a sort of plaited
frill behind the iris, round the margin of the lens.
They vary between sixty and
eighty in number, he side by side, and may be divided into large and small the
;

consisting of about one-third of the entire number, are situated in the
spaces between the former, but without regular alternation. The larger processes
are each about one-tenth of an inch in length, and are attached by their periphery
latter,

to the cihary muscle, and are continuous with the layers of the choroid
the
opposite margin is free, and rests upon the circumference of the lens. Their
anterior surface is turned towards the back of the iris, with the circumference of
:

which they are continuous.
suspensory hgament of the

The
lens.

posterior surface

is

closely connected with the

THE

lEIS
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—

The ciliary processes are similar in structure to the choroid, but
Structure.
the vessels are larger, and have chiefly a longitudinal direction.
They are covered
on their inner surface with a layer of black pigment-cells, continuous with the
the pigmentary layer of the retina, and in their stroma are also other,
pigment-cells, which, however, are not so numerous as in the choroid
itself, and towards the free extremities of the folds are devoid of pigment.
The Iris {iris, a rainbow) has received its name from its various colours in
cells of

stellate,

It is a thin, circular-shaped, contractile curtain, suspended
aqueous humour behind the cornea, and in front of the lens, being perforated
a little to the nasal side of its centre by a circular aperture, the pupil, for the
transmission of light. By its circumference it is intimately connected with the
choroid externally to this is the ciliary muscle, by which it is connected to the
its inner edge forms the margin of the pupil
its surfaces
sclerotic and cornea
are flattened, and look forwards and backwards, the anterior surface towards the
The circumference
cornea, the posterior towards the ciliary processes and lens.
of the iris is connected to the cornea by a reticular structure denominated the
The anterior surface of the iris is variously
ligamentum piectinatum iriclis.
coloured in different individuals, and marked by lines which converge towards

different individuals.
in the

;

;

;

Fig. 534.

The

— The arteries of the choroid and

sclerotic

has been mostly removed.

iris.

(Enlarged.)

ciliary artery

Short ciliary arteries
tor ciliary artery

the pupil.

The

dark pigment

;

posterior surface

it is

is of

tint, from being covered by
resemblance in colour to a ripe

a deep purple

hence named uvea, from

its

grape.

Structure.— The iris is composed of the following structures
hyahne basementIn front is a layer of polyhedral cells on a delicate
I
layer of the membrane
epithehal
the
with
continuous
is
layer
membrane. This
irides the cells contam pigmentof Descemet, and in men with dark coloured
:

"
2.

up

and cells. The former are made
some few fibres have a
delicate bundles of fibrous tissue, of which
chief mass consists of
the
but
iris
the
of
circumference

Stroma.-The stroma

of fine

consists of fibres

circular direction at the

;

their interlacement, a dehcate
Interspersed between the
contained.
mesh, in which the vessels and nerves are
with fine processes.
cells
branched
numerous
bundles of connective tissue are
blue eyes and the
but
Many of them in dark eyes contain pigment-granules,

fibres

radiating towards the pupil.

They form, by

m

,
pink eyes of albinos they are unpigmented.
.
j
a- r
and consists of circular and i;adiating
3. The muscular fibre is involuntary,
of the
margm
the
surround
The circUar fibres (sphincter of the pupil)
fibies.
.
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pupil on the posterior surface of the iris, Hke a sphincter, forming a narrow band
about one-thirtieth of an inch in width those near the free margin being closely
aggregated those more external somewhat separated, and forming less complete
;

;

The radiating fibres (dilator of the pupil) converge from the circumcircles.
ference towards the centre, and blend with the circular fibres near the margin of
the pupil.

—

The situation of the pigment-cells differs in different irides. In
4. Pigment.
the various shades of blue eyes, the only pigment-cells are several layers of small
round or polyhedral cells, filled with dark pigment, situated on the posterior
surface of the iris, and continuous with the pigmentary lining of the ciliary
The colour of the eye in these individuals is due to this colouring
processes.
matter showing more or less through the texture of the iris. In the albino, even
pigment is absent. In the grey, brown, and black eye there are, as mentioned

this

—

Section of the eye, showing the relations of the cornea, sclerotic, and iris,
Fig. 535.
together with the Ciliary muscle and the cavernous spaces near the angle of the
(Waldeyer.)
anterior chamber.

CIRC. FIBRES
OF CILIARY KlUS,

cells of the stroma and in the
which the colour of the eye is due.
The arteries of the iris are derived from the long and anterior ciliary, and
from the vessels of the ciliary processes (see page 580). The long ciliary arteries
having reached the attached margin of the iris divide into an upper and lower
branch, and encircling the iris anastomose with corresponding branches from

above,

pigment-granules to be found in the

epithelial layer

on the front

of the

iris,

to

the opposite side into this vascular zone (circulus major) the anterior ciliary
pour their blood.
From this zone vessels radiate to the free margin of the
iris, and these communicate by branches from one to another and thus form a
second zone (circulus minor) in this situation.
The nerves of the iris are derived from the ciliary branches of the lenticular
ganglion, and the long ciliary from the nasal branch of the ophthalmic division
of the fifth.
After reaching the iris in the manner described above (page 786)
they form a plexus around the attached margin of the iris from this are derived
non-medullated fibres which terminate in the circular and radiating muscular
;

;
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Their exact mode of termination has not been ascertained. Other fibres
fibres.
from the plexus terminate in a network on the anterior surface of the iris.
The fibres derived from the motor root of the lenticular ganghon (third nerve)
supply the circular fibres, while those derived from the sympathetic supply the
radiating fibres.

Membrana pupillaris.—ln the foetus, the pupil is closed by a dehcate transparent vascular membrane, the membrana jmpillaris, which divides the space into
which the iris is suspended into two distinct chambers. This membrane contains
numerous minute

vessels, continued

front part of the capsule of the lens.

from the margin of the iris to those on the
These vessels have a looped arrangement,

and converge towards each other without anastomosing. Between the seventh
and eighth^month the membrane begins to disappear by its gradual absorption,
from the centre towards the circumference, and at birth only a few fragments
remain. It is said sometimes to remain permanent and produce blindness.

The Ciliary muscle (Bowman) consists of unstriped fibres it forms a greyish,
semitransparent, circular band, about one-eighth of an inch broad, on the outer
surface of the fore part of the choroid.
It is thickest in front, and gradually
becomes thinner behind. It consists of two sets of fibres, radiating and circular.
:

The former, much the more numerous,
and

sclerotic, and,

ciliary processes.

arise at the point of junction of the cornea
passing backwards, are attached to the choroid opposite to the
One bundle, according to Waldeyer, is continued backwards

The circular fibres are internal to the radiating
to be inserted into the sclerotic.
ones and to some extent unconnected with them, and have a circular course
around the attachment of the iris. They are sometimes called the ring muscle
The Ciliary
of Mliller, and were formerly described as the ciliary ligament.
muscle is admitted to be the chief agent in accommodation, i.e. in adjusting the
eye to the vision of near objects. Mr. Bowman believed that this was effected by
but the
its compressing the vitreous body, and so causing the lens to advance
view which now prevails is that the contraction of the muscle, by drawing on
the ciliary processes, relaxes the suspensory ligament of the lens, thus allowing
'

'

;

the anterior surface of the lens to
same time slightly contracted.*
III.

become more convex.

The pupil

is

at the

The Eetina

a delicate nervous membrane, upon the surface of which the
Its outer surface is in contact with the
Behind, it is continuous
choroid the inner surface with the vitreous body.
with the optic nerve it gradually diminishes in thickness from behind forwards
and, in front, extends nearly as far forwards as the ciliary muscle, where it
terminates by a jagged margin, the ora serrata. It is soft, semitransparent and
but soon becomes clouded, opaque, and
of a pinkish tint in the fresh state
Exactly in the centre of the posterior
bleached when exposed to sunhght.
part of the retina, and at a point, corresponding to the axis of the eye,
which the sense of vision is most perfect, is a round, elevated, yellowish spot,

The Retina

images

is

of external objects are received.
;

;

;

;

m

called,

after

its

discoverer, the

yelloiv

spot or limbios luteus

(macula lutea)

Sommerring having a central depression at its summit, the fovea
The retina in the situation of the fovea centrahs is exceedingly thin
of

centralis.

;

;

so

much

so that it
so that the dark colour of the choroid is distinctly seen through it
foramen of
presents more the appearance of a foramen, and hence the name
Sommerring at first given to it. It exists only in man, the quadrumana, and
some saurian reptiles. About one-tenth of an inch to the inner side of the yellow
here the nervous
spot is the point of entrance of the optic nerve {porus opticus)
optici) ; the
nervi
{colliculus
eminence
substance is slightly raised so as to form an
of the surface
part
only
the
is
This
centre.
its
pierces
arteria centrahs retinge
of the retina from which the power of vision is absent.
some of the Principal
*
See explanation and diagram in Power's Illustrations of
;

'

'

;

Diseases of the Eye,

p. 590.
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—

The retina is an exceedingly complex structure, and, when exaStructure.
mined microscopically by means of sections made perpendicularly to its surface,
is found to consist of ten layers, which are named from within outwards, as
follows

:

1.

7.

Membrana

5.

6.

9.

10.

I.

The membrana

in contact

limitans interna.

8.

3.

4.

is

Membrana

Fibrous layer, consisting of nerve-fibres.
Vesicular layer, consisting of nerve-cells.
Inner molecular, or granular, layer.
Inner nuclear layer.
Outer molecular, or granular, layer.
Outer nuclear layer.

2.

limitans externa.

Layer of rods and cones (Jacob's membi^ane).
Pigmentary layer.
limitans interna

is

the most internal layer of the retina, and
of the vitreous humour.
It is derived

wdth the hyaloid membrane

Fig. 536.

— The arteria centralis

retinae,

yellow spot,

of the eyeball being removed.

etc., the anterior half
(Enlarged.)

Sclerotic

aid

Retina

from the supporting framework

of

the retina, with which tissue

will

it

be

described.

made up

of nerve-fibres, the direct continuation of the
This nerve therefore passes through all the other
layers of the retina, except the one previously mentioned, to reach its destination
in the fibrous layer.
As the nerve passes through the lamina cribrosa of the
sclerotic coat, the fibres of w^hich it is composed lay aside their medullary sheaths
and are continued onwards, through the choroid and retina, as simple axiscylinders.
When these non-meduUated fibres reach the internal surface of the
retina, they radiate from their point of entrance over the surface of the retina,
grouj)ed in bundles, and in many places, according to Michel, arranged in plexuses.
The layer is thickest at the optic nerve entrance, and gradually diminishes in
thickness towards the ora serrata.
2.

Tlhe fibrous layer is

fibres of the optic nerve.

3.

in the

The

vesicular layer consists of a single layer of large ganglion-cells except
The cells are somewhat
lutea, where there are several layers.
;

macula

flask-shaped their rounded internal margin resting on the preceding layer and
sending off a single process, which is prolonged into the fibrous layer, and is
believed to be continuous with a nerve-fibre. From the opposite extremity of
the cell one or more thicker processes extend into the inner molecular layer,
;

;
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where they divide dichotomously and
become
to some pass throngh this layer to
reach the
4.

The mner molecular

layer

it is

made up

branched processes

m

of a
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lost in its

lawyer consists of a

J

fibrils

T'

derived from
^"^""^ thp
*^®
^^''l^,

^^^^t^^!^:^Z"''Z^^

contained
the
reticulum formed by these fibrils a few
branched'ceUs are
5. The inner nuclear layer is made
up of a
cells

^

or accordn..

stratmn of granular-lookin. sub-

dense reticulum of minute
and frnr..

of the gangUon-cells

reticUum

inner nuclear layer

eiTedtd.
number of closely packed cells
of which there are three different
kmds. (x) A large number of ovVcelt
h
are commonly regarded as bipolar
nerve-cells, and are much more
numeroi
than either of the other kind. They
consist of a large oval nuclear body
pkc d
vertically to the
surface containing a distmct
nucleus

X

they are surrounded by
prolonged into two processes, one o^
these passes inwards into the inner
molecular layer, is varicose in appearance,
a small

amount

of protoplasm,

which

:

is

Fig. 538.

Vertical sections of the human retina. Fig.
Fig. 538, close
537, half an inch from the entrance of the optic nerve.
i. Layer of rods and cones {coltiinnar layer), bounded underneath by the membrana limitans externa.
External nuclear layer. 3. Outer molecular layer. 4. Internal nuclear layer. 5. Inner molecular layer. 6. Layer
ot the ganglion-cells.
7. Expansion of optic fibres.
8. Sustentacular fibres of Muller.
9. Their attachment to the
to the latter,
2.

membrana

limitans interna.

and, as stated above, is continuous with the processes of the ganglion-cells.
The
other process passes outwards, into;_^the outer molecular layer, and there breaks
up into a number of branches. According to some observers the divisions thus

formed communicate with the rod and cone" fibres (Merkel). (2) At the innermost part of this inner nuclear layer is a stratum of cells, which possess protoplasmic processes, which ramify in the inner molecular layer
while at the
outermost part of the layer is a second stratum of cells, whose processes ramify
the outer molecular layer.
(3) Some few cells are also found in this layer,
connected with the fibres of Muller, and will be described with those structures.
6. The outer molecular layer is much thinner than the inner molecular layer
but, like it, consists of a dense network of minute fibrils, derived from the
processes of the cells of the preceding layer, and presents the same gi'anular
appearance. It differs, however, from the inner molecular layer in containing
branched stellate cells, the processes of which are extremely fine and exhibit
varicosities, like nerve-fibrils.
They are therefore considered by Schultze to be
;

m

ganglion-cells.

;
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7.

The outer nuclear

layer.

— Like the inner nuclear layer, this

layer contains

they are of two kinds, and on account
of their being respectively connected with the rods and cones of Jacob's membrane,
are named rod-granules and cone-granules.
The rod- granules are much the
more numerous, and are placed at different levels throughout the layer. They
present a peculiar cross-striped appearance, and have prolonged from either
extremity a fine process the outermost is continuous with a single rod of Jacob's
membrane the innermost passes inwards towards the outer molecular layer
and terminates in an enlarged extremity, from which are given off a number of
minute fibrils, which enter the outer molecular layer. In its course it presents
numerous varicosities. The cone-granules, fewer in number than the rod-granules,
are placed close to the membrana limitans externa, and are closely connected
with the cones of Jacob's membrane. They do not present any cross-striping,
but contain a pyriform nucleus, which almost completely fills the cell. From
their inner extremity a thick process passes inw^ards to the outer molecular layer
where, like the processes of the rod-cells, it terminates in an enlargement, from
which are given off numerous fine fibrils, which enter the outer molecular layer.
8. The memhrana limitans externa.
This layer, like the membrana limitans
interna, is derived from the fibres of Miiller, with which structures it will be
several strata of clear oval nuclear bodies

;

:

;

—

described.

— The

elements which compose this
former being much more numerous
than the latter. The rods are solid, of nearly uniform size, and arranged perpendicularly to the surface.
Each rod consists of two portions, an outer and inner,
which are joined together by a cement-substance and are of about equal length.
They differ from each other as regards refraction and in their behaviour with
colouring reagents, the inner portion becoming stained by carmine, iodine, &c.,
the outer portion remaining unstained with these reagents, but staining yellowishbrown with osmic acid. The outer portion of each rod is marked by transverse
striaB, and is made up of a number of thin discs superimposed on one another.
It also exhibits faint longitudinal markings.
The inner portion of each rod, at
its inner extremity where it is joined to the processes of the rod-granules, is
indistinctly granular at its outer extremity it presents a fine longitudinal striation,
being composed of fine, bright, highly refracting fibrils.
The co7ies are conical or flask-shaped, their broad ends resting upon the
membrana limitans externa, the narrow pointed extremity being turned to the
choroid.
Like the rods, they are made up of two portions, outer and inner the
outer portion being a short conical process, which, like the outer segment of the
rods, presents transverse striae.
The inner portion resembles the inner portion
of the rods in structure, presenting an outer striated and an inner granular
appearance but differs from it in size, being bulged out laterally and presenting
a flask shape.
The chemical and optical character of the two portions is
identical with that of the rods.
10. The idigmentary layer, or tapetum nigrum.
The most external layer of the
retina, formerly regarded as a part of the choroid, consists of a single layer of
hexagonal epithelium cells, loaded with pigment-granules (fig. 23). In the eyes
of albinos, the cells of the pigmentary layer are present, but they contain no
9.

Jacob's

membrane

(bacillary layer).

layer are of two kinds, rods

and

cones, the

;

;

;

—

colouring matter. In many of the mammals also, as in the horse, and many of
the carnivora, there is no pigment in the cells of this layer, and the choroid
possesses a beautiful iridescent lustre, which is termed the tapetum lucidum.

—

Connective-tissue ffameiuorh of the rethia.
Almost all these layers of the
by a sort of supporting connective tissue, which has

retina are connected together

been named the fibres of Miiller, or radiating fibres, from which the membrana
limitans interna et externa are derived.
These fibres are found stretched between
the two limiting layers, as columns between a floor and a ceiling,' and passing
through all the nervous layers, except Jacob's membrane. They commence on
the inner surface of the retina by a conical hollow base, which sometimes contains
'

,
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which stains deeply with haematoxylin, the edges of the bases
being united and thus forming a boundary line, which is the
membrana limitans interna. As they pass through the various layers, they
present a roughness on their surface, as if a number of membranous processes
had been abruptly broken off. By these they are continuous with the reticulum
of the inner and outer molecular layer and with a sponge-like stroma, in which
the nuclei of the inner nuclear layer are embedded. In the inner nuclear layer
each fibre of Miiller presents a clear oval nucleus, referred to above, which is
sometimes situated at the side of, sometimes altogether within the fibre. In the
outer nuclear layer the fibre breaks up into fine lamellae, which form a fenestrated
or sponge-like tissue, in which the rod and cone granules are enclosed, and at
a spheroidal body,

of adjoining fibres

Fig. 539.

— The layers of the retina (diagrammatic).

(After Schultze.)

Pigmentary layer

Jacob's menibrane

I—

Membrana

limitans externa

Outer nuclear layer

g

Outer molecular layer

Inner nuclear layer

Fibre of MilUei

Inner molecular layer

Vesicular layer

Fibrous layer

Membrana

limitans interna

along a definite line, forming
the outer border of this layer these lamellae unite
the membrana limitans externa.
,,„n^w
the retma at the yellow
Macula lutea and fovea centralis. -The structure of
es a e
In the macula lutea (i) the nerve-fib
spot presents some modifications.
stiata
several
consists of
wanting as a continuous layer; (2) the vesicular layer
there
membrane
(3) in Jacob's
of cells! instead of a single layer
^^^^^^^^^^
other P^^^^;
than
but only cones, and these are longer and narrower
and
long ^^^
very
ar^
there are only cone-fibres, which
(4) in the outer nuclear layer
parts
only
the
arranged in curved lines. At tke fovea centrahs
"^^'^J^l'^^^
of yhi^^^^
layer the cone-fibies
the cones of Jacob's membrane; the onternuclear
gian^^^^^^^
inner
exceedmglythm
are almost horizontal in direction; and an
except Jacob s membiane
The colour of the spot seems to imbue all the layers
;

m
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towards the centre, and does not appear to consist
simply a staining of the constituent parts.
At the ora serrata the layers of the retina terminate abruptly, and the retina
is continued onwards as a single layer of elongated columnar cells covered by
the pigmentary layer. This prolongation is known as the jjars ciliaris retincB, and
can be traced forwards to the tips of the ciliary processes, and there gives place
to the uvea or layer of pigment on the posterior surface of the iris.
it is

of a rich yellow, deepest

of pigment-cells, but

The

arteria centralis retince

and enter the globe

of the

and

its

accompanying vein pierce the

eye through the porus opticus.

optic nerve,

immediately divides
run betw^een the hyaloid membrane and
It

into four or five branches, which at first
the nervous layer but they soon enter the latter membrane, and pass forwards,
dividing dichotomously. From these branches a minute capillary plexus is given
;

ofi^,

which does not extend beyond the inner nuclear layer. In the foetus, a small
humour, to the posterior surface of

vessel passes forwards, through the vitreous

the capsule of the lens.

Humours
The Eefracting media,

or

Aqueous.

Humours

of the
of the

Eye

Eye, are three in number

Vitreous.

I.

:

Crystalline lens.

The Aqueous Humoue

The aqueous humour completely fills the anterior and posterior chambers of
the eyeball. It is small in quantity (scarcely exceeding, according to Petit, four
or five grains in w^eight), has an alkaline reaction, in composition is little more
than water, less than one-fiftieth of its weight being solid matter, chiefly chloride
of sodium.
The anterior chamber is the space bounded in front by the cornea; behind, by
the front of the iris.
The posterior chamber was the name formerly given to a
space which was believed to exist between the iris in front and the capsule of the
suspensory ligament and the ciliary processes, behind. It is now known
that the posterior surface of the iris is in immediate contact with the lens
throughout the greater part of its extent. The only space which remains, to
represent the posterior chamber, is a narrow chink between the peripheral part
of the iris, the suspensory ligament and the ciliary processes.
In the adult, these two chambers communicate through the pupil but in the
foetus in the seventh month, when the pupil is closed by the membrana pupillaris,
the t^vo chambers are quite separate.
lens, its

;

II.

The

Vitreous Body

It fills the
vitreous body forms about four-fifths of the entire globe.
is hollowed in front for the reception of the lens and

concavity of the retina, and

It is perfectly transparent, of the consistence of thin jelly, and is
an albuminous fluid enclosed in a delicate transparent membrane,
the hyaloid. This membrane invests the outer surface of the vitreous body it
and
is intimately connected in front with the suspensory ligament of the lens
is continued into the back part of the capsule of the lens. It has been supposed,
by Hannover, that from its inner surface numerous thin lamellae are prolonged
inwards in a radiating manner, forming spaces in which the fluid is contained.
In the adult, these lamellae cannot be detected even after careful microscopic
examination in the fresh state, but in preparations hardened in weak chromic
its

capsule.

composed

of

;

;

make out a distinct lamellation at the periphery of the
in
the
body and
foetus a peculiar fibrous texture pervades the mass, the fibres
joining at numerous points, and presenting minute nuclear granules at their
acid,

it

is

possible to

;

point of junction.

In the centre of the vitreous humour, running from the
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position of the entrance of the optic nerve on the retina
to the posterior surface
of the lens, is a canal, filled with fluid and lined by
a prolongation of the
hyaloid membrane.
This is the canal of Stilling, and is the canal
which in the
embryonic vitreous humour conveyed the minute artery from the
central artery
of the retina to the back of the lens.
The fluid from the vitreous body
resembles nearly pure water; it contains, however, some salts,
and a

httle

albumen.

The hyaloid membrane encloses the whole

of the vitreous humour.
At the
two layers, one of which passes over the
anterior surface of the vitreous body, where it is hollowed out for
the reception
of the lens
the other passes over the ciliary body to be attached to the
margin
of the lens, forming the suspensory ligament.
It is a dehcate structureless
membrane, except where it forms the suspensory hgament, where it contains
longitudinal elastic fibres.
Immediately beneath the hyaloid membrane are
found small, granular, nucleated cells, which are said to be possessed of amoeboid
movements.
In the foetits, the centre of the vitreous humour presents a tubular canal,
through which a minute artery passes along the vitreous body to the capsule of
In the adult, no vessels penetrate its substance so that its nutrition
the lens.
must be carried on by the vessels of the retina and cihary processes, situated
upon its exterior.

situation of the ora serrata

it

splits into

;

;

Crystalline Lens

III.

The crystalline lens, enclosed in its capsule, is situated immediately behind
the pupil, in front of the vitreous body, and surrounded by the ciliary processes,
which

slightly overlap its margin.

The

capsule of the lens

is

a transparent, highly elastic,

which closely surrounds the lens. It rests, behind,
part of the vitreous body
in front, it is in

and

membrane,

brittle

in a depression in the fore

;

contact with the free border of the iris, this
latter receding from it at the circumference,
'

.

.

-p^^
-TIG.

.^

54°r-

— m.

^
J-Jie

.
„,
ncrystalline
lens,
,

hardened and divided,

(Enlarged.)
thus forming the posterior chamber of the
eye and it is retained in its position chiefly
by the suspensory ligament of the lens. The
capsule is much thicker in front than behind,
structureless in texture
and when ruptured,
the edges roll up with the outer surface innermost, like the elastic lamina of the cornea.
The anterior surface of the lens is connected
to the inner surface of the capsule by a single
layer of transparent, polygonal, nucleated
cells.
At the circumference of the lens, these
they become elongated, and Babucin states
cells undergo a change in form
that he can trace the gradual transition of the cells into proper lens-fibres, with
which they are directly continuous. There is no epithelium on the posterior
;

;

:

surface.

In the foetus, a small branch from the arteria centrahs retinae runs forwards,
as already mentioned, through the vitreous humour to the posterior part of the
capsule of the lens, where its branches radiate and form a plexiform network,
surface, and they are continuous round the margin of the capsule
with the vessels of the pupillary membrane, and with those of the iris. In the

which covers its
adult

no vessels enter

its

substance.

double-convex body, the convexity being greater on
It measures about a third of an inch
the posterior than on the anterior surface.
It
in the antero-posterior.
one-fourth
in the transverse diameter, and about
consists of concentric layers, of which the external in the fresh state are soft and

The

lens is a transparent,

;
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those beneath are firmer, the central ones forming a hardened
These laminae are best demonstrated by boiling, or immersion in alcohol.
The same reagents demonstrate that the lens consists of three triangular
segments, the sharp edges of which are directed towards the centre, the bases
towards the circumference. The laminse consist of minute parallel fibres, which
are hexagonal prisms, the edges being dentated, and the dentations fitting
accurately into each other their breadth is about -g-^jyjjth. of an inch. They run
from the sutures or lines of junction of the triangular segments, on the one
surface, to the periphery of the lens, and, curving round its margin, they
terminate at the line of junction of the segments on the other. No fibres pass
from pole to pole, but they are arranged in such a way that fibres which commence near the pole on the one aspect of the lens that is to say, near the apex
terminate near the peripheral extremity of the plane
of the triangular segment
on the other, or near the base of the triangular segment, and vice versa. The
fibres of the outer layers of the lens each contain a nucleus, which together form
a layer (nuclear layer) on the surface of the lens, most distinct towards its
easily detached

;

nucleus.

;

—

—

The meridians,

circumference.

or lines of jimction of the three segments, are

an amorphous granular substance which sometimes becomes
opaque, when the lines are seen forming a distinct star on the lens. The lines
on one surface do not lie immediately opposite those on the other, but are inter-

composed

of

mediate.
The changes proclucecl in the lens by age are the following
In the foetus, its form is nearly spherical, its colour of a slightly reddish tint,
it is not perfectly transparent, and is so soft as to break down readily on the
:

slightest pressure.

In

more convex than the anterior it is
and firm in texture.
becomes flattened on both surfaces, slightly opaque, of an amber

the adult, the posterior surface is

;

colourless, transparent,

In old age it
and increases

tint,

in density.

The suspensory ligament

of the lens

is

a thin, transparent,

membranous

struc-

between the vitreous body and the ciliary processes of the choroid
connects the anterior margin of the vitreous humour with the anterior surface

ture, placed
it

near

of the lens

its

circumference.

It assists in retaining the lens in its position.

number

which the correThese plaitings are arranged
round the lens in a radiating form, and are stained by the j)igment of the ciliary
processes. The suspensory ligament is a part of the hyaloid membrane, which,
as described above, is continued forwards to the anterior part of the margin of
the lens. It is covered on its outer surface by the pars ciliaris, or connectiveThat
tissue framework of the retina, prolonged forwards from the ora serrata.
portion of this membrane which intervenes between the ciliary processes and
the capsule of the lens forms part of the boundary of the posterior chamber of
the eye. The posterior surface of this layer is turned towards the vitreous humour,
being separated from it at the circumference of the lens by a space called the
Its outer surface presents a

sponding folds

of folds or plaitings in

of the ciliary processes are received.

canal of Petit.
The canal of Petit is about one-tenth of an inch wide. It is bounded, in front,
by the suspensory ligament behind, by the vitreous humour, its base being formed
by the capsule of the lens. When inflated with air, it is sacculated at intervals,
;

owing

to the foldings

on

its

anterior surface.

The

arteries of the globe of the eye are the short, long, and anterior ciliary
arteries, and the arteria centralis retinae. They have been already described (see

page

580).
_

on the outer surface of the choroid, and are named,
They converge to four or five
from their arrangement, the vena vorticosce.
equidistant trunks which pierce the sclerotic midway between the margin of the
cornea and the entrance of the optic nerve. Another set of veins accompany the
anterior ciliary arteries and open into the ophthalmic vein.

The

ciliary veins are seen
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The ciliary nerves are derived from the nasal branch
from the cihary or ophthalmic ganglion.

of the

ophthahnic and

Surgical Anatomy.— From a surgical point of view the cornea may
be regarded as
Gonsistmg of three layers (i) of an external epithehal layer, developed from the
epiblast
and contmuous with the external epithelial covering of the rest of the body, and therefore in
its lesions resembhng those of the epidermis and superiicial layers of the
derma; (->) of
the cornea proper, derived from the mesoblast, and associated in its diseases with
:

the
fibro-vascular structures of the body
and (3) the posterior elastic layer with its endothelium, also derived from the mesoblast and having the characters of a serous membrane,
so that inflammation of it resembles inflammation of the other serous and synovial
membranes of the body.
The cornea contains no blood-vessels except at its periphery, where numerous delicate
loops, derived from the anterior ciliary arteries, may be demonstrated on the anterior
surface of the cornea.
The rest of the cornea is nourished by lymph, which gains access
to the proper substance of the cornea and the posterior layer through the spaces of
Fontana. This lack of a direct blood-supply renders the cornea very apt to inflame in the
cachectic and ill^nourished.
In cases of granular lids, there is a peculiar aflection of the
cornea, called pannus, in which the anterior layers of the cornea becomes ^ascularised, and
a rich network of blood-vessels may be seen upon it; and in interstitial keratitis
new vessels extend into the cornea, giving it a pinkish hue, to which the term salmon
patch is applied. The cornea is richlj'^ supplied with nerves, derived from the ciliary,
which enter the cornea through the fore part of the sclerotic and form plexuses in the
stroma, terminating between the epithelial cells by free ends or in corpuscles. In cases of
glaucoma the ciliary nerves may be pressed upon as they course between the choroid and
sclerotic, and the cornea becomes anaesthetic.
The sclerotic has very few blood-vessels and
The blood-vessels are derived from the anterior ciliary, and form an open plexus
nerves.
As they ajjproach the corneal margin this arrangement is peculiar.
in its substance.
Some branches pass through the sclerotic to the ciliary body others become superficial
and lie in the episcleral tissue, and form arches, by anastomosing with each other, some
little distance behind the corneal margin.
From these arches numerous straight vessels
are given off, which run forwards to the cornea, forming its marginal plexus.
In
inflammation of the sclerotic and episcleral tissue these vessels become conspicuous, and
form a pinkish zone of straight vessels radiating from the corneal margin, commonly
known as the zone of ciliary injection. In inflammation of the iris and ciliary body this
zone is present, since the sclerotic speedily becomes involved when these structures are
inflamed. But in inflammation of the cornea the sclerotic is seldom much affected, though
the cornea and sclerotic are structurally continuous. This would appear to be due to the
fact, that the nutrition of the cornea is derived from a difi'erent source from that of the
sclerotic.
The sclerotic may be ruptured subcutaneously without any laceration of the
conjunctiva, and the rupture usually occurs near the corneal margin, where the tunic is
laceration of the choroid,
thinnest.
It may be complicated with lesions of adjacent parts
and is then often attended with haemorrhage
retina, iris, or suspensory ligament of the lens
mto the anterior chamber, which masks the nature of the injmy. In some cases the lens
has escaped through the rent in the sclerotic and has been found under the conjunctiva.
Wounds of the sclerotic are always dangerous, and are often followed by inflammation,
;

'

'

;

—

—

suppuration, and by sympathetic ophthalmia.
One of the functions of the choroid is to provide nutrition for the retina, and to convey
Inflammation of the choroid is therefore
vessels and nerves to the ciliary body and iris.
followed by grave disturbance in the nutrition of the retina, and is attended with early
interference with vision. In its diseases it bears a considerable analogy to those which
affect the skin, and, like it, is one of the places from which melanotic sarcomata may grow.
These tumours contain a large amount of pigment in their cells, and grow only from those
The choroid may be ruptured, without injury
parts where pigment is naturally present.
In cases of
to the other tunics, as well as participating in general injuries of the eyeball.

uncomphcated rupture, the injury is usually at its posterior part, and is the result of a
blow on the front of the eye. It is attended by considerable hajmorrhage, which for a
time may obscure vision, but, in most cases, this is restored, as soon as the blood is absorbed.
The iris is the seat of a malformation, termed coloboma, which consists in a deficiency
In
or cleft, which in a great number of cases is clearly due to an arrest m development.

pupil,
these cases it is found at the lower aspect, extending directly downw^ards from the
and the gap frequently extends through the choroid to the entrance of the optic nerve, in
some rarer cases the gap is found in other parts of the iris, and is then not associated with
nerves
anv deficiency of the choroid. The iris is abundantly supplied with blood-vessels and
consequence ot
and is therefore very prone to become inflamed. And when inflamed,
this latter
the intimate relationship which exists between the vessels of the iris and choroid,
inflammation of
timic is very apt to participate in the inflammation. And, 111 addition,
ihe iris is
the ins.
adjacent structures, the cornea and sclerotic, is apt to spread into
membrane and like
covered with epithelium, and partakes of the character of a serous
inflamed and contract
these structures, is hable to pour out a plastic exudation when
to the capsule of the lens
adhesions, either to the cornea in front {synechia anterior), or

m

;
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behind (synechia i^osterior). In iritis the lens may become involved, and the condition
known as secondary cataract may be set up. Tumours occasionally commence in the iris
of these, cysts, which are usually congenital, and sarcomatous tumours, are the most
common and require removal. Gummata are not unfrequently found in this situation.
In some forms of injury of the eyeball, as the impact of a spent shot, the rebound of a twig,
or a blow with a whip, the iris may be detached from the Ciliary muscle, the amount of
detachment varying from the slightest degree to separation of the whole iris from its
ciliary connection.
The retina, with

the exception of its pigment-layer and its vessels, is perfectly
transparent, so as to be invisible when examined by the ophthalmoscope, so that its
diseased conditions are recognised by its loss of transparency. In retinitis, for instance,
there is more or less dense and extensive opacity of its structure, and not luifrequently
Haemorrhages may also take place into the
extravasations of blood into its substance.
retina, from rupture of a blood-vessel without inflammation.
The retina may become displaced from effusion of serum between it and the choroid, or
by blows on the ej^eball, or may occur without apparent cause in progressive myopia, and in
this case the ophthalmoscope shows an opaque, tremulous cloud. Glioma, a form of sarcoma,
and essentially a disease of early life, is occasionally met with in connection with the retina.
The lens has no blood-vessels, nerves, or connective tissue in its structure, and therefore
is not subject to those morbid changes to which tissues containing these structures are
It does however present certain morbid or abnormal conditions of various kinds.
liable.
Thus, variations in shape, absence of the whole or a part of the lens, and displacements
Opacities may occur from injury, senile changes,
are amongst its congenital defects.
Senile changes may take place in the
malnutrition, or errors in growth or development.
lens, impairing its elasticity and rendering it harder than in youth, so that its curvature
can only be altered to a limited extent by the Ciliary muscle. And, finally, the lens may
be dislocated or displaced hj blows upon the eyeball and its relations to surrounding
structures altered by adhesions or the pressure of new growths.
There are two particular regions of the eye which require special notice one of these is
known as the filtration area,' and the other as the dangerous area.' The filtration area
Here are situated the cavernous
is the circumcorneal zone immediately in front of the iris.
spaces of Fontana, which communicate with the canal of Schlemm, through which the
The dangerous area
chief transudation of fluid from the eye is now believed to take place.
of the eye is the region in the neighbourhood of the ciliary body, and wounds or injuries
For inflammation of the ciliary body is liable
in this situation are peculiarly dangerous.
to spread to many of the other structures of the eye, especially to the iris and choroid, which
Moreover, woimds which
are intimately connected by nervous and vascular supplies.
involve the ciUary region are especially liable to be followed by sympathetic ophthalmia,
in which destructive inflammation of one eye is excited by some irritation in the other.
;

:

'

'

Appendages of the Eye

the

The appendages of the eye {tutamina ociili) include the eyebrows, the eyelids,
conjunctiva, and the lachrymal apparatus, viz. the lachrymal gland, the

lachrymal sac, and the nasal duct.
The eyebrows {su/percilia) are two arched eminences of integument, which surmount the upper circumference of the orbit on each side, and support numerous
In structure, the eyebrows
short, thick hairs, directed obliquely on the surface.
consist of thickened integument, connected beneath with the Orbicularis palpebrarum, Corrugator supercilii, and Occipito-frontalis muscles. These muscles
serve, by their action on this part, to control to a certain extent the amount of
light admitted into the eye.
The eyelids [falpehrcB) are two thin, movable folds, placed in front of the
The upper lid is the larger, and
eye, protecting it from injury by their closure.
the more movable of the two, and is furnished with a separate elevator muscle,
the Levator palpehrce superioris. When the eyelids are open, an elliptical space
[fissure palpebrarum) is left between their margins, the angles of which correspond to the junction of the upper and lower lids, and are called cantlii.
The outer canthus is more acute than the inner, and the lids here lie in close
contact with the globe but the inner canthus is prolonged, for a short distance
inwards towards the nose, and the two lids are separated by a triangular space,
the lacus lachrymalis. At the commencement of the lacus lachrymalis, on the
margin of each eyelid, is a small conical elevation, the lachrymal papilla, or
tubercle, the apex of which is pierced by a small orifice, the punctum lachrymale,
the commencement of the lachrymal canal.
:
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The

eyelashes (cilia) are attached to the free
edges of the eyelids
short thick, curved hairs arranged in a double
or triple row at the

;

they are

margin

the
hds: those of the upper lid, more numerous and
longer than the lower, curve
upwards those of the lower hd curve downwards, so
that they do not interlace
closmg the lids. Near the attachment of the
eyelashes are the openings of a
nurober of glands, glands of Mohl, arranged in several
rows close to the free
of

;

m

margin

'"^

structure a portion of a

sweat-gland, and are
.^ modified
I i as the
^^IfT^^^
regarded
sweat-glands of this reo-ion
Structure of the eyelids.-The eyehds are composed
of the following structures
taken
their order from without inwards
Integument,_ areolar tissue, fibres of the Orbicularis
muscle, tarsal plate
(cartilage), and its hgament, Meibomian glands
and conjunctiva. The upper lid
has, in addition, the aponeurosis of the Levator
palpebrae.
The integument is extremely thin, and continuous at the margin
of the hds
with the conjunctiva.
The suhcutaneous areolar tissue is very lax and delicate, seldom
contains any
fat, and is extremely Hable to serous infiltration.

m

:

_

The fibres of the Grhicularis muscle, where they cover the palpebrae, are thin,
pale in colour, and possess an involuntary action.
The

tarsal

tive tissue,

to their

jMtes

(cartilages)* are

about an inch in length.

two thin elongated plates of dense connecare placed one in each hd, contributing

They

form and support.

The

in

superior, the larger, is of a semilunar form, about one-third of an inch
breadth at the centre, and becoming gradually narrowed at each extremity.

To the anterior surface
is

of this plate the aponeurosis of the Levator palpebrge

attached.

The
The

inferior tarsal plate, the smaller, is thinner, and of an elliptical form.
free or ciliary margin of these plates is thick, and presents a perfectly
straight edge.
The attached orbital margin is connected to the circumference of

the orbit by the fibrous

membrane

of the lids with which it is continuous.
The
attached to the malar bone by the external palpebral
or tarsal hgament.
The inner angles of the two plates terminate at the commencement of the lacus lachrymaUs, being fixed to the margins of the orbit by
the tendo oculi.

outer angle of each plate

is

The tarsal ligament, or fibrous membrane of the lids, is a layer of fibrous
membrane, beneath the Orbicularis, attached marginally to the edge of the orbit,
where it becomes continuous with the periosteum, and centrally to the tarsal
plate, near its ciliary margin, with the tissue of which it is continuous.
It is
thickest and densest at the outer part of the orbit.
Upon its under surface is a
layer of unstriped muscle, which in the upper lid passes from the aponeurosis of
the Levator palpebrae muscle to the tarsal plate.
This ligament serves to support
the eyelids, and retains the tarsal plates in their position.
The Meibomian glands (fig. 541) are situated upon the inner surface of the
eyelids, between the tarsal plates and conjunctiva, and may be distinctly seen
through the mucous membrane on everting the eyelids, presenting the appearance
of parallel strings of pearls.
They are about thirty in number in the upper eyelid, and somewhat fewer in the lower.
They are embedded in grooves in the
inner surface of the tarsal plates, and correspond in length with the breadth of
each plate they are, consequently, longer in the upper than in the lower eyelid.
Their ducts open on the free margin of the lids by minute foramina, which
correspond in number to the follicles. The pecuhar parallel arrangement of these
glands, side by side, forms a smooth layer adapted to the surface of the globe,
The use of their secretion is to prevent
over which they constantly glide.
;

adhesions of the lids.
Structure of the Meibomian glands.
*

— These

Eecent observations have proved that the so-called
any cartUage-cells, and that the name is a misnomer.

glands are a variety of the
'

tarsal cartilages

'

do not contain

3M
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cutaneous sebaceous glands, each consisting of a single straight tube or follicle,
having a cascal termination, and with numerous small secondary follicles opening
into it.
The tubes consist of basement-membrane, covered by a layer of scaly
epithelium the secondary follicles are lined by a layer of polyhedral cells,
continuous with the cells of the tube. The remainder of the follicle is filled with
They are thus identical in structure
large polyhedral cells, charged with fat.
with the sebaceous glands.
;

The conjunctiva
face of the eyelids,

is

the

and

is

mucous membrane

of the eye.

It lines

the inner surand cornea.

reflected over the fore part of the sclerotic

its structure presents some peculiarities.
The pal2oehral portion of the conjunctiva i% thick, opaque, highly vascular, and
covered with numerous papillae, its deeper parts presenting a considerable amount
of lymphoid tissue.
At the margin of the lids it becomes continuous with the
lining membrane of the ducts of the Meibomian glands, and, through the lachrymal
At the
canals, with the lining membrane of the lachrymal sac and nasal duct.

In each of these situations,

outer angle of the upper lid it may be traced along the lachrymal ducts into the
and at the inner angle of the eye it forms a semilunar fold,

lachrymal gland

;

the plica semilunaris. The folds formed by the reflection of the conjunctiva from
the lids on to the eye are called the superior and inferior palpebral folds, the
Fig. 541.

— The Meibomian glands,

etc.,

seen from the inner surface

of the eyelids.

Puncta lachrymaUa

former being the deeper of the two.
Upon the sclerotic, the conjunctiva is
loosely connected to the globe it becomes thinner, loses its papillary structure,
is transparent, and only slightly vascular in health.
Upon the cornea, the conjunctiva consists only of epithelium, constituting the anterior layer of the cornea
(conjunctival epithelium) already described (see page 881).
Lymp)haMcs arise in
the conjunctiva in a delicate zone around the cornea, from which the vessels run
:

to the ocular conjunctiva.

At the point of reflection of the conjunctiva from the lid on to the globe of
the eye, termed the fornix conjunctivm, are a number of mucous glands, which
are much convoluted.
They are chiefly found in the upper lid. Other glands,
analogous to lymphoid follicles, and called by Henle trachoma glands, are found
in the conjunctiva, and, according to Strohmeyer, are chiefly situated near the
inner canthus of the eye.
They were first described by Brush, in his description
of Peyer's patches of the small intestines, as
identical structures existing in
the under eyelid of the ox.'
The nerves in the conjunctiva are numerous and form rich plexuses. According to Krause, they terminate in a peculiar form of tactile corpuscle, which he
terms 'terminal bulb.'
'

LACHEYMAL APPAEATUS
The caruncula lachrymalis

899

a small, reddish, conical-shaped body,
situated
at the inner canthus of the eye, and fiUing up the small triangular
space in this
situation, the lacus lachrymalis.
It consists of a cluster of foUicles
similar in
structure to the Meibomian, covered with mucous membrane, and is
is

the source
whitish secretion which constantly collects at the inner, angle of the
eye.
few slender hairs are attached to its surface. On the outer side of the caruncula
a shght semilunar fold of mucous membrane, the concavity of which is

of the

A
is

directed

it is called the ^^Hca semilunaris.
towards the cornea
Milller found smooth
muscular fibres in this fold, and in some of the domesticated animals a thin plate
of cartilage has been discovered.
This structure is considered to be the rudiment of the third eyehd in birds, the memhrana nictitans.
;

Lagheymal Appabatus

(fig.

542)

The lachrymal apparatus consists of the lachrymal gland, which secretes the
tears, and its excretory ducts, which convey the fluid to the surface of the eye.
This fluid is carried away by the
lachrymal canals into the lachrymal
sac, and along the nasal duct into the
cavity of the nose.
The lachrymal gland is lodged in
a depression at the outer angle of the
orbit, on the inner side of the external
angular process of the frontal bone.
It is of an oval form, about the size
and shape of an almond. Its upper
convex surface is in contact with the
periosteum of the orbit, to which it
is connected by a few fibrous bands.
Its under concave surface rests upon
jthe convexity of
the eyeball, and
upon the Superior and External recti
muscles. Its vessels and nerves enter
its

posterior border, whilst

margin

is

its

Fig. 542.

-The lachrymal apparatus.
Rieht side.

anterior

closely adherent to the back

part of the

upper

eyelid,

where

it

is

covered to a slight extent by the reflection of
rest

the conjunctiva.

by a fibrous septum

;

The
hence

is separated from the
sometimes described as a separate lobe,

fore part of the gland
it

is

caUed the iKilpebral portion of the gland {accessory gland of Bosenmilller). Its
ducts, about seven in number, run obhquely beneath the mucous membrane for
minute
a short distance, and, separating from each other, open by a series of
on to
orifices on the upper and outer half of the conjunctiva, near its reflection
the globe.
These orifices are arranged in a row, so as to disperse the secretion
over the surface of the

membrane.

the
Structure of the lachrymal gland.— In structure and general appearance
state
recent
the
In
(page
939).
lachrymal resembles the serous salivary glands
defined.
the cells are so crowded with granules that their limits can hardly be

They contain an oval nucleus, and the cell protoplasm is finely fibriUated.
The lachrymal canals commence at the minute orifices, puncta lachrymalia,
seen on the
on the
conical elevation, the lachrymal papilla,

summit of a small
superior
margin of the lids, at the outer extremity of the lacus lachrymahs. The
at an
bends
then
and
ascends,
first
at
two,
canal, the smaller and shorter of the
lachrymal sac. The
acute angle, and passes inwards and downwards to the
changmg its course passes
inferior canal at first descends, and then, abruptly
are dense and elastic
They
sac.
lachrymal
almost horizontally inwards to the

OEGANS OF SENSE

goo
in structure

and somewhat dilated

at their angle.

The mucous membrane

is

covered with scaly epithelium.
The lachrymal sac is the upper dilated extremity of the nasal duct, and is
lodged" in a deep groove formed by the lachrymal bone and nasal process of the
It is oval in form, its upper extremity being closed in and
superior maxillary.
rounded, whilst below it is continued into the nasal duct. It is covered by a
fibrous expansion derived from the tendo oculi, and on the inner side it is crossed
by the Tensor tarsi muscle (Horner's muscle, page 392) which is attached to the
ridge on the lachrymal bone.
Structure.

—

It consists of a fibrous elastic coat, lined internally

by mucous

membrane the latter being continuous, through the lachrymal canals, with the
mucous lining of the conjunctiva, and through the nasal duct with the pituitary
membrane of the nose.
The nasal duct is a membranous canal, about three-quarters of an inch in
:

which extends from the lower part of the lachrymal sac to the inferior
meatus of the nose, where it terminates by a somewhat expanded orifice, provided
vsdth an imperfect valve, the valve of Hasner, formed by the mucous membrane.
It is contained in an osseous canal, formed by the superior maxillary, the
lachrymal, and the inferior turbinated bones, is narrower in the middle than at
each extremity, and takes a direction downwards, backwards, and a little outwards. It is lined by mucous membrane, which is continuous below with the
This membrane in the lachrymal sac and nasal
pituitary lining of the nose.
duct is covered with columnar epithelium as in the nose. This epithelium is in
length,

places ciliated.

—

The palpebral fissure, or opening between the eyelids, is elliptical in
Sui'face Form.
shape, and differs in size in different individuals and in different races of mankind. In the
Mongolian races, for instance, the opening is very small, merely a narrow fissure, and this
makes the eyeball appear small in these races, whereas the size of the eye is relatively very
constant. The normal direction of the fissure is slightly oblique, in a direction upwards
and outwards, so that the outer angle is on a slightly higher level than the inner. This
is especially noticeable in the Mongolian races, in whom, owing to the upward projection
of the malar bone and the shortness of the external angular process of the frontal bone,
the tarsal plate of the upper lid is raised at its outer part, and gives an oblique direction to
the palpebral fissure.
AATien the eyes are directed forwards, as in ordinary vision, the upper part of the cornea
is covered by the uj)per lid, and the lower margin of the cornea corresponds to the level of
tlie lower lid, so that about the lower three-fourths of the cornea is exposed under ordinary
circumstances. On the margins of the lids, about a quarter of an inch fi-om the inner
canthus, are two small openings, the puncta laclirymalia, the commencement of the
lachrymal canals. They are best seen by everting the eyelids. In the natiual condition
they are in contact with the conjunctiva of the eyeball, and are maintained in this position
by the Tensor tarsi muscle, so that the tears running over the surface of the globe easily find
The position of the lachrymal sac into which the
their way into the lachrymal canals.
canals open is indicated by a little tubercle (page 206), which is plainly to be felt on the lower
margin of the orbit. The lachrymal sac lies immediately above and to the inner side
of this tubercle, and a knife passed through the skin in this situation would open the
The position of the lachrymal sac may also be indicated by the tendo oculi, 01
cavity.
internal tarsal ligament. If both lids be drawn outwards so as to tense the skin a1
the inner angle, a prominent cord will be seen beneath the tightened skin. This is th<
tendo oculi, which lies imixiediately over the lachrymal sac, bisecting it, and thus forming i
knife entered immediate!}' beneath the tense cord woulc
useful guide to its situation.
open the lower part of the sac. A probe introduced through this opening can be readil;;
passed downwards through the duct into the inferior meatus of the nose. The directior
of the duct is downwards, outwards, and backwards, and this course should be borne ii
mind in passing the probe, otherwise the point may be driven through the thin bony wall;
A convenient plan is to direct the probe in such a manner, that if it wert
of the canal.
pushed onwards it would strike the first molar tooth of the lower jaw on the same side
the body. In other words, the surgeon standing in fi'ont of his patient should caxvy in hi:
mind the position of the first molar tooth, and should push his probe onwards in such
way as if he desired to reach this structiue.
Beneath the internal angular process of the frontal bone, the pulley of the Superio
oblique muscle of the eye can be plainly felt by pushing the finger backwards betweei
the upper and inner angle of the eye and the roof of the orbit passing backwards an(
outwards from this pulley the tendon can be felt for a short distance.

A

;

THE EAE
_

goi

—

Surgical Anatomy. The eyelids are composed of various tissues, and consequently
The skin which covers them is exceedingly thin and
are liable to a variety of diseases.
dehcate, and is supported on a quantity of loose and lax subcutaneous tissue, which
contains no fat. In consequence of this it is very freely movable, and is liable to be
drawn down by the contraction of neighbouring cicatrices, and thus produce an eversion
Inversion of the lids (entrojnon) from spasm of the Orbicuof the lid, known as ectro]jion.
laris palpebrarum or from chronic inflammation of the palpebral conjunctiva may also occur.
The eyelids are richly supplied with blood, and are often the seat of vascular growths, such
as nsevi. Eodent_ ulcer also frequently commences in this situation. The loose cellular tissue
beneath the skin is liable to become extensivelyinfiltrated either with blood or inflammatory
products, producing very great swelling. Even from very slight injuries to this tissue, the
extravasation of blood may be so great as to produce considerable swelling of the lids and
complete closure of the eye, and the same is the case when inflammatory products are
poured out. The follicles of the eyelashes or the sebaceous glands associated with these
follicles may be the seat of inflammation, constituting the ordmary sty.'
The Meibomian
glands are afl'ected in the so-called tarsal tumour
the tumoiu', according to some,
being caused by the retained secretion of these glands by others it is believed to be a
'

'

'

:

;

neoplasm connected with the gland.

The cihary

become inflamed,
constituting the disease known as hlej^haritis ciliaris or blear eye.' Irregular or disorderly
growth of the eyelashes not imfrequently occurs some of them being turned towards the
eyeball and producmg inflammation and ulceration of the cornea, and possibly eventually
complete destruction of the eye. The Orbicularis palpebrarum may be the seat of spasm,
either in the form of slight quivering of the lids or repeated twitchings, most commonly
due to errors of refi-action in children or more continuous spasm, due to some irritation
of the fifth or seventh cranial nerve.
The Orbicularis may be paralysed, generally
associated with paralysis of the other facial muscles.
Under these circumstances, the
patient is unable to close the lids, and, if he attempts to do so, rolls the eyeball upwards
The tears overflow from displacement of the lower lid, and the
iinder the upper lid.
conjimctiva and cornea, being constantly exposed and the patient being unable to wink,
become irritated from dust and foreign bodies. In paralysis of the Levator palpebrae
superioris there is drooping of the upper eyelid and other symptoms of implication of the
third nerve.
The eyelids may be the seat of bruises, womids, or biu'ns. In these latter
injuries, adhesions of the margins of the lids to each other, or adhesion of the lids to the
The ej'elids are sometimes the seat of emphj-sema, after fracture
globe may take place.
of some of the thin bones forming the inner wall of the orbit.
If shortly after such an
injin-y the patient blows his nose, air is forced from the nostril through the lacerated
structures into the connective tissue of the eyelids, which suddenly swell up and present
the peculiar crackling characteristic of this affection.
Foreign bodies frequently get into the conjunctival sac and cause great pain, especially
if they come in contact with the corneal surface, during the movements of the lid and the
eye on each other.
The conjunctiva is frequently involved in severe injuries of the eyeball, but is seldom ruptured alone
the most common form of injury to the conjunctiva
alone is from a burn, either from fire, strong acids, or lime. In these cases union is liable
to take place between the eyelid and the eyeball.
The conjunctiva is often the seat of
inflammation arising from many different causes, and the arrangement of the conjunctival
vessels should be remembered as affording a means of diagnosis between this condition
and mjection of the sclerotic, which is present in mflammation of the deeper structures
of the globe.
The inflamed conjunctiva is bright red the vessels are large and tortuous,
and greatest at the circumference, shading off towards the corneal margin they anastomose freely and form a dense network, and they can be emptied or displaced by gentle
follicles are liable to
'

;

;

;

;

;

;

pressure.

The lachrymal gland is occasionally, though rarely, the seat of inflammation, either
acute or chronic
it is also sometimes the seat of tumours, benign or malignant, and for
these may require removal. This may be done by an incision through the skin, just
below the eyebrow and the gland, being invested with a special capsule of its own, may
be isolated and removed, without opening the general cavity of the orbit. The canaliculi
may be obstructed, either as a congenital defect, or by some foreign body, as an eyelash
The canahculi may also become
or a dacryolith, causing the tears to run over the cheek.
addition result
overflow of the tears may
occluded as a result of burns or injury
from deviation of the puncta, or from chronic inflammation of the lachrymal sac. This
latter condition is set up by some obstruction to the nasal duct, frequently occurring in
tuberculous subjects. In consequence of this the tears and mucus accumulate in the
lachrymal sac, distending it. Suppuration in the lachrymal sac is sometimes met with
or may occur after some of the eruptive
this may be the sequel of a chronic inflammation
It may lead
fevers, in cases where the lachrymal passages were previously quite healthy.
;

;

m

;

;

;

to

lachrymal

fistula.

THE EAE
The organ of hearing is divisible into three parts the
tympanum, and the internal ear or labyrinth.
:

ear or

external ear, the middle
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THE EXTERNAL EAR
The external ear
and

tlie

by which sound

of the air

the

consists of an

auditory canal, or meatus.

tympanum.
The pinna or

upwards.

auricle

is

expanded portion na,med j^inna or

The former serves

produced

the latter conducts those vibrations to

;

an ovoid form, with

its

larger end directed

Its outer surface is irregularly concave, directed

slightly forwards,

(fig.

is of

543)

and presents numerous eminences and depressions which result from the
of its fibro-cartilaginous element.

Fig. 543.

auricle,

to collect the vibrations

foldings

To each of
Thus the

— The pinna, or anricle.

these,

Outer surface.

prominent rim of the auricle is
called the helix.
Another curved prominence,
parallel vnth and in front of the helix, is called

names have been

assigned.

external

the antihelix; this bifurcates above, so as to
enclose a triangular depression, the fossa of
the antihelix (fossa triangularis).

The narrow

curved

depression between the helix and
antihelix is called the fossa of the helix (fossa
innominata or scaphoidea) the antihelix describes a curve round a deep, capacious cavity,
the concha, which is partially divided into two
parts by the commencement of the helix. In
front of the concha, and projecting backwards
over the meatus, is a small pointed eminence,
the tragus so called from its being generally
covered on its under surface with a tuft of
hair, resembhng a goat's beard.
Opposite the
tragus, and separated from it by a deep notch
(incisura intertragica), is a small tubercle, the
antitragus.
Below this is the lobule, composed of tough areolar and adipose tissue, wanting the firmness and elasticity
of the rest of the pinna.
Structure of the pinna.
The pinna is composed of a thin plate of yellow fibrocartilage, covered with integument, and connected to the surrounding parts by the
extrinsic ligaments and" Hiuscles
and to the commencement of the external
auditory canal.
;

:

—

;

The integument is thin, closely adherent to the cartilage, and covered with
hairs furnished with sebaceous glands, which are most numerous in the concha
and scaphoid

The

fossa.

hairs are most

numerous and

largest

on the tragus and

antitragus.

The cartilage of the pinna consists of one single piece it gives form to this
part of the ear, and upon its surface are found all the eminences and depressions
above described. It does not enter into the construction of all parts of the
auricle
thus it does not form a constituent part of the lobule it is deficient,
also, between the tragus and beginning of the helix, the notch between them
:

;

;

being filled up by dense fibrous tissue. At the front part of the pinna, where
the helix bends upwards, is a small projection of cartilage, called the process of
the helix.
The cartilage of the pinna presents several intervals or fissures in its
substance, which partially separate the different parts.
The fissure of the helix
is a short vertical sht, situated at the fore part of the pinna, immediately behind
a small conical projection of cartilage, opposite the first curve of the hehx
(process of the hehx).
Another fissure, the fissure of the tragus, is seen upon
the anterior surface of the tragus.
The antihelix is divided below, by a deep

two parts one part terminates by a pointed, tail-like extremity
(processus caudatus)
the other is continuous with the antitragus.
The carti-

fissure, into

:

;

:
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lage of the pinna

is

very pliable,

that form of cartilage

which

is

elastic, of a

known under
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yellowish colour, and belongs to
the name of yellow fibro-carti-

lage.

The ligaments ofthejnnna

consist of two sets

connecting it to the side of the head.
various parts of its cartilage together.

The

2.

The

Fig. 544.

extrinsic

ligaments,

:— i. The

extrinsic set, or those

intrinsic set, or those connectino^

—The muscles of the pinna.

the

most important, are two in number,
and posterior. The anterior ligament extends from the
anterior

process of the helix to the root of
the zygoma. A few fibres connect
the tragus to the root of the zygoma.

The posterior ligament -psbsses from
the posterior surface of the concha
to the outer surface Of the mastoid
process of the temporal bone.
The ijttrinsic ligaments are also

two

in number.
Of these, one is
a strong fibrous band, stretching

across from

the

commencement

tragus

to

the

completing the meatus in front, and
partly encircling the boundary of
the concha
the other extends
betw^een the concha and the proof the helix,

;

cessus caudatus.
The muscles of the pinna
544) consist of
extrinsic,

two

sets:

—

i.

(fig.

The

which connect it with the
moving the pinna

side of the head,

as a whole, viz. the AttoUens,
Attrahens, and Eetrahens aurem (page 390)
from one part of the auricle to another, viz.

;

Helicis major.

and

2.

the intrinsic, which extend

Antitragicus.

Helicis minor.

Transv'ersus auriculse.

Tragicus.

Obliquus auris.

The Musculus helicis major is a narrow
upon the anterior margin of the helix.

situated

vertical

band

muscular fibres,
from the process
the helix, just where it is
of

It arises, below,

of the helix, and is inserted into the anterior border of
about to curve backwards. It is pretty constant in its existence.
The Musculus helicis minor is an oblique fasciculus, attached to that part of
the helix which commences from the bottom of the concha.
The Tragicus is a short, flattened band of muscular fibres situated upon the
outer surface of the tragus, the direction of its fibres being vertical.
The Antitragicus arises from the outer part of the antitragus its fibres are
inserted into the processus caudatus of the helix.
This muscle is usually very
:

distinct.

The Transversus auricula

is

placed on the cranial surface of the pinna.

It

consists of radiating fibres, partly tendinous and partly muscular, extending from
the convexity of the concha to the prominence corresponding with the groove of

the helix.

The Obliquus
and back part

The

auris (Tod) consists of a few fibres extending from the upper
concha to the convexity immediately above it.

of the

arteries of the

innna are the posterior auricular from the external

carotid,
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auricular from the temporal,

the anterior

and an auricular branch from the

occipital artery.

The
The

veins

accompany the corresponding arteries.
are
the auricularis magnus, from the

nerves

:

cervical plexus

posterior auricular, from the facial to the muscles of the pinna

;

the

the auricular
the auriculo-temporal branch of the inferior
branch of the pneumogastric
maxillary nerve the occipitalis minor from the cervical plexus, and the occipitalis major or internal branch of the posterior division of the second cervical
;

;

;

nerve.

The Auditory Canal [meatus auditorius externus) extends from the bottom
concha to the membrana tympani (fig. 545). It is about an inch and a

of the

its direction is obliquely forwards and inwards, and it is
curved upon itself, so as to be higher in the middle than at either
extremity.
It forms an oval cylindrical canal, the greatest diameter being in
the vertical direction at the external orifice, but in the transverse direction at
The calibre of the canal is narrowest about the middle.
the tympanic end.
The membrana tympani, which occupies the termination of the meatus, is

quarter in length,
slightly

Fig. 545.

—A front view of the organ of hearing.

Right

side.

Incus
Malleus
Stapes

Semicircular canals
Vestzbule

Cochlea

obliquely directed, in consequence of which the floor of the canal is longer than
the roof, and the anterior wall longer than the posterior. The auditory canal is

formed partly by

cartilage

and membrane, and partly by bone, and

is

covered by

skin.

The cartilaginous portion is about half an inch in length, being rather less
than half the canal it is formed by the cartilage of the concha and tragus, prolonged inwards, and firmly attached to the circumference of the auditory process
The cartilage is deficient at its upper and back part, its
of the temporal bone.
This part of the canal is rendered
place being supplied by fibrous membrane.
extremely movable by two or three deep fissures (incistirce Santorint), which
extend through the cartilage in a vertical direction.
The osseous portion is about three-quarters of an inch in length, and narrower
than the cartilaginous portion.
It is directed inwards and a little forwards,
forming a slight curve in its course, the convexity of which is upwards and backwards. Its inner end, which communicates, in the dry bone, with the cavity of
the tympanum, is smaller than the outer and sloped, the anterior wall projecting
beyond the posterior about two lines it is marked, except at its upper part, by a
narrow groove for the insertion of the membrana tympani. Its outer end is
dilated and rough in the greater part of its circumference, for the attachment of
;

;
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the cartilage of the pinna.

Its vertical transverse section is oval, the greatest
diameter being from above downwards. The front and lower parts of this canal
are formed by a cm^ved plate of bone, which, in the foetus, exists as a separate
ring {tympanic plate), incomplete at its upper part.
The skin lining the meatus is very thin, adheres closely to the cartilaginous
and osseous portion of the tube, and covers the surface of the membrana tympani,
forming its outer layer. After maceration, the thin pouch of epidermis, when
withdrawn, preserves the form of the meatus. In the thick subcutaneous tissue
of the cartilaginous part of the meatus are numerous ceruminoiis glands, which
secrete the ear-wax.
They resemble in structure sweat-glands, and their ducts
open on the surface of the skin.
The arteries supplying the meatus are branches from the posterior auricular,
internal maxillary, and temporal.
The nerves are chiefly derived from the auriculo-temporal branch of the
inferior maxillary nerve and the auricular branch of the pneumogastric.

—

Surface Form. At the point of junction of the osseous and cartilaginous portions, the
tube forms an obtuse angle, which projects into the tube at its antero -inferior wall. This
produces a sort of constriction in this situation, and renders it the narrowest portion of
the canal an important point to be borne in mind in connection with the presence of
foreign bodies in the ears.
The cartilaginous is connected to the bony part by fibrous
tissue, which renders the outer part of the tube very movable, and therefore by drawing
the pinna upwards and backwards the canal is rendered almost straight. At the external
oriiice are a few short, crisp hairs, which serve to prevent the entrance of small particles of
dust, or flies or other insects.
In the external auditory meatus the secretion of the ceruminous glands serves to catch any small j)articles which may find their waj^ into the canal,
and prevent then reachmg the membrana tj'mpani, where their presence might excite
irritation.
In young children the meatus is verj' short, the osseous part being very deficient,
and consisting merely of a bony ring (the tympanic plate), which supports the membrana
tympani. In the foetus, the osseous part is entirely absent. The shortness of the
canal in children should be borne in mind in introducing the aural speculum, so that it be
not pushed in too far, at the risk of injuring the membrana tympani indeed, even in the
adult the speculum should never be introduced beyond the constriction which marks the
junction of the osseous and cartilaginous portions. In using this instrument it is advisable
that the pinna should be drawn upwards, backwards, and a little outwards, so as to render
the canal as straight as possible, and thus assist the operator in obtaining, by the aid of
reflected light, a good view of the membrana tympani.
Just in front of the membrane is a
well-marked depression, situated on the floor of the canal, and boimded by a somewhat
prominent ridge in this foreign bodies may become lodged. By aid of the speculum,
combined with traction of the auricle upwards and backwards, the whole of the membrana
tympani is rendered visible. It is a pearly-grey membrane, slightly glistening in the adult,
placed obliquely, so as to form with the floor of the meatus a very acute angle, while with
the roof it forms an obtuse angle. At birth it is more horizontal, situated in almost the
same plane as the base of the skuH. About midway between the anterior and posterior
margins of the membrane, and extending from the centre obliquely upwards, is a reddishyellow streak this is the handle of the malleus, which is inserted into the membrane. At the
upper part of this streak, close to the roof of the meatus, a little white, rounded prominence
is plainly to be seen
this is the processus brevis of the malleus, projecting against the
membrane. The membrana tympani does not present a plane surface on the contrary, its
centre is drawn inwards, on account of its connection with the handle of the malleus, and
thus the external surface is rendered concave.

—

;

;

;

;

;

Middle Eak, oe Tympanum
The middle ear, or tympanum, is an irregular cavity, compressed from without
inwards, and situated within the petrous bone. It is placed above the jugular
fossa; the carotid canal lying in front, the mastoid cells behind, the meatus
It is filled with air, and
auditorius externally, and the labyrinth internally.
communicates with the pharynx by the Eustachian tube. The tympanum is
traversed by a chain of movable bones, which connect the membrana tympani
with the labyrinth, and serve to convey the vibrations communicated to the

membrana tympani across the cavity of the tympanum to the internal ear.
The cavity of the tympanum measures about five Hnes from before backwards,
three lines in the vertical direction,

and between two and three

in the transverse.
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It is
little broader behind and above than it is below and in front.
bounded externally by the membrana tympani and meatus internally, by the
and communicates, behind, with the mastoid
outer surface of the internal ear
cells
and in front with the Eustachian tube and canal for the Tensor tympani.
Its roof and floor are formed by thin osseous laminae, the one forming the roof
being a thin plate situated on the anterior surface of the petrous portion of the
temporal bone, close to its angle of junction with the squamous portion of the
same bone.
The roof is broad, flattened, and formed of a thin plate of bone {tegmen tympani), which separates the cranial and tympanic cavities.
The floor is narrow, and corresponds to the jugular fossa, which lies beneath.

being a

;

;

;

It presents,

near the inner wall, a small aperture for the passage of Jacobson's

nerve.

The outer wall is formed mainly by the membrana tympani, partly by the
which this membrane is inserted. This ring of bone is incom-

ring of bone into

plete at its upper

and

Fig. 546.

front part, forming a notch {incisura Bivini),

—View

of inner wall of

tympanum.

and here the

(Enlarged,)

Chorda tymj)

membrane

is

Close to

are three small apertures

it

extended outwards, and

and the

fissure,

iter

:

united to the wall of the tympanum.
the iter chordae posterius, the Glaserian

is

chordae anterius.

The aperture
the posterior

of the iter chordce piosterius is in the angle of junction between
and external walls of the tympanum, immediately behind the

membrana tympani and on a level with its centre it leads into a minute canal,
which descends in front of the aqueductus Fallopii, and terminates in that canal
near the stylo-mastoid foramen. Through it the chorda tympani nerve enters
;

tympanum.
The Glaserian fissure opens just above and in front of the ring of bone into
which the membrana tympani is inserted in this situation it is a mere slit about
a line in length. It lodges the long process of the malleus, and gives passage to
some tympanic vessels.
The aperture of the iter chordce anterius is seen just above the preceding
it leads into a canal {canal of Huguier), which runs parallel with the
fissure
Glaserian fissure.
Through it the chorda tympani nerve leaves the tympanum.
The internal wall of the tympanum (fig. 546) is vertical in direction, and looks

the

;

;

directly outwards.

It

presents for examination the following parts

Fenestra ovalis.
Fenestra rotunda.
Promontory.

:

Eidge of the aqueductus Fallopii.
Pyramid.
Opening for the Stapedius.
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The fenestra ovalis is a reniform opening, leading from the tympanum into
the vestibule its long diameter is directed horizontally, and its convex border is
upwards. The opening in the recent state is occupied by the base of the stapes,
which is connected to the margin of the foramen by an annular Hgament.
;

The fenestra rotunda is an aperture placed at the bottom of a funnel-shaped
depression leading into the cochlea. It is situated below and rather behind the
which it is separated by a rounded elevation,. the i:)romontory
closed in the recent state by a membrane {memhrana tymioani secundaria,
Scarpa).
This membrane is concave towards the tympanum, convex towards the
cochlea.
It consists of three layers
the external, or mucous, derived from the

fenestra ovalis, from

;

it

is

:

mucous
cochlea

lining of the
;

tympanum

the internal from the lining
and an intermediate, or fibrous layer.
;

membrane

of the

The promontory is a rounded hollow prominence, formed by the projection
outwards of the first turn of the. cochlea it is placed between the fenestras, and
is furrowed on its surface by three small grooves, which lodge branches of the
tympanic plexus.
The rounded eminence of the aqueductus Fallopii, the prominence of the bony
canal in which the portio dura is contained, traverses the inner wall of the tympanum above the fenestra ovalis, and behind that opening curves nearly vertically
;

downwards along the posterior wall.
The pyramid is a conical eminence, situated immediately behind the fenestra
ovalis, and in front of the vertical portion of the eminence above described
it is
hollow in the interior, and contains the Stapedius muscle its summit projects
forwards towards the fenestra ovalis, and presents a small aperture, which transmits the tendon of the muscle. The cavity in the pyramid is prolonged into a
minute canal, which communicates with the aqueductus Eallopii, and transmits
the nerve which supplies the Stapedius.
The posterior wall of the tympanum is wider above than below, and presents
;

;

for

examination the

Opening

of the

antrum.

This opening is a large irregular aperture, situated at the upper part of the
posterior wall, leading into a considerable air space, the antrum mastoideum (see
The antrum communicates with large irregular cavities contained in the
p. 154).
interior of the
size,

and form

;

mastoid process. These cavities vary considerably in number,
they are lined by mucous membrane, continuous with that lining

the cavity of the tympanum.
The anterior waU of the tympanum is wider above than below it corresponds with the carotid canal, from which it is separated by a thin plate of bone,
perforated by the tympanic branch of the internal carotid. It presents for
;

examination the

Canal for the Tensor tympani.

Orifice of the

Eustachian tube.

The processus cochleariformis.
The orifice of the canal for the Tensor tympani and the orifice of the
Eustachian tube are situated at the upper part of the anterior wall, being separated
from each other by a thin, dehcate, horizontal plate of bone, the processus
cochleariformis.
These canals run from the tympanum forwards, inwards, and a
little downwards, to the retiring angle between the squamous and petrous
portions of the temporal bone.
The canal for the Tensor tympani is the superior and the smaller of the two
it is rounded, and hes beneath the upper surface of the petrous bone, close to the
hiatus Fallopii.
The tympanic end of this canal forms a conical eminence,
;

prolonged backwards into the cavity of the tympanum, and is perforated at its summit by an aperture, which transmits the tendon of the muscle
contained in it. This eminence is sometimes called the anterior pyramid. The
canal contains the Tensor tympani muscle.

which

is
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The Eustachian

tube

the channel through which the

is

tympanum communi-

from an inch and a half to two inches, and
its direction downwards, forwards, and inwards.
It is formed partly of bone,
partly of cartilage and fibrous tissue.
The osseous portion is about half an inch in length. It commences in the
lower part of the anterior wall of the tympanum, below the processus cochleariformis, and, gradually narrowing, terminates in an oval dilated opening, at the
angle of junction of the petrous and squamous portions, its extremity presenting
a jagged margin which serves for the attachment of the cartilaginous portion.
The cartilaginous portion, about an inch in length, is formed of a triangular
plate of elastic fibro-cartilage, curled upon itself, an interval being left below,
between the margins of the cartilage, which is completed by fibrous and muscular
tissue.
Its canal is narrow behind, wdde, expanded, and somewhat trumpetshaped in front, terminating by an oval orifice, at the upper part and side of the
pharynx, behind the back part of the inferior meatus. Through this canal the
mucous membrane of the pharynx is continuous wdth that which lines the
tympanum. The mucous membrane is covered with ciliated epithelium.
The membrana tympani separates the cavity of the tympanum from the
bottom of the external meatus. It is a thin, semi-transparent membrane, nearly
oval in form, somewhat broader above than below, and directed very obliquely
downwards and inwards. Its circumference is contained in a gi'oove at the inner
end of the meatus, which skirts the circumference of this part, excepting above.
The handle of the malleus descends vertically between the inner and middle
layers of this membrane as far down as its centre, where it is firmly attached,
drawing the membrane inwards, so that its outer surface is concave, its inner
cates with the pharynx.

Its length is

convex.

— This

membrane is composed of three layers, an external
middle (fibrous), and an internal (mucous). The cuticular lining is
derived from the integument lining the meatus. Hhe fibrous layer consists of
fibrous and elastic tissues
some of the fibres radiate from near the centre to the
circumference others are arranged, in the form of a dense circular ring, round
Structure.

(cuticular), a

;

;

the attached margin of the membrane.
The mucous lining is derived from the
mucous lining of the tympanum. The vessels pass to the membrana tympani
along the handle of the malleus, and are distributed between its layers.

Ossicles of the Tympanum

(fig.

547)

The tympanum is traversed by a chain of movable bones, three in number,
the malleus, incus, andstapes. The former is attached to the menibrana tympani, the
latter to the fenestra ovalis, the incus being
placed between the two, to both of which
Fig. 547.
The small bones of the ear
seen from the outside.
(Enlarged.)
it is connected by delicate articulations.

—

The Malleus, so named from its fancied
resemblance to a hammer, consists of a head,
neck, and three processes
the handle or
:

brevis

manubrium, the processus

gracilis,

and the

processus brevis.

The head
of the
Stapes
ulare

Head
Crura

bone

;

the large upper extremity

is

it is

lates posteriorly

oval in shape, and articu-

with the incus, being free

in the rest of its extent.

The neck

is

the narrow contracted part
head and below this is a

just beneath the

;

prominence, to which the various processes are attached.
The mamcbrium is a vertical process of bone, which is connected by its outer
margin with the membrana tympani. It decreases in size towards its extremity,
where it is curved slightly forwards, and flattened from within outwards. On the

:
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its

Tensor tympani

is

upper end,

is
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a slight projection, into

which the tendon

of the

inserted.

The lyrocesms gracilis is a long and very delicate process, which passes from
the eminence below the neck forwards and outwards to the Glaserian fissure, to
which

it is

connected by bone and ligamentous

fibres.

Th.Q processus hrevis is a slight conical projection,

root of the

but

manubrium, and

lies in

contact with the

which springs from the

membrana tympani.

The Incus has received its name from its supposed resemblance to an anvil,
it is more like a bicuspid tooth, with two roots, which
differ in lenf^th,

and are widely separated from each

other.

It consists of a

body and two

processes.

The

somewhat quadrilateral but compressed laterally. On the anterior
summit is a deeply concavo-convex facet, which articulates with the
the fresh state it is covered with cartilage and lined with synovial

hocly is

surface of

its

malleus

in

;

membrane.
The two processes diverge from one another nearly at right angles.
The sliort -process, somewhat conical in shape, projects nearly horizontally
backwards, and is attached to the margin of the opening leading into the mastoid
cells, by ligamentous fibres.
The long process, longer and more slender than the preceding, descends nearly
vertically behind and parallel to the handle of the malleus, and, bending inwards,
terminates in a rounded globular projection, the os orbiciUare, or lenticular
process which is tipped with cartilage, and articulates with the head of the stapes.
In the foetus the os orbiculare exists as a separate bone.
The Stapes, so called from its close resemblance to a

stirrup, consists of a

head, neck, two branches, and a base.
The head presents a depression, tipped with cartilage, which articulates with
the OS orbiculare.
The nech, the constricted part of the bone below the head, receives the insertion of the Stapedius muscle.
The two branches {crura) diverge from the neck and are connected at their
extremities by a flattened oval-shaped plate (the base), which forms the foot of
the stirrup and is fixed to the margin of the fenestra ovalis by ligamentous fibres.

—

Ligaments of the Ossicula. These small bones are connected with each other,
and with the walls of the tympanum, by ligaments, and moved by small muscles.
The articular surfaces of the malleus and incus, and the orbicular process of the
incus and head of the stapes, are covered wdth cartilage, connected together by
The ligaments
delicate capsular ligaments, and lined by synovial membrane.
connecting the ossicula with the walls of the tympanum are four in number
two for the malleus, one for the incus, and one for the stapes.
The anterior ligariient of the malleus was formerly described by Sommerring
It is now, however, believed by most observers
as a muscle (Laxator tympani).
It is attached by one extremity to the neck
to consist of ligamentous fibres only.
of the malleus, just above the processus gracihs, and by the other to the anterior
wall of the tympanum, close to the Glaserian fissure, some of its fibres being
prolonged through the

fissure.

The suspensory ligament of the malleus is a dehcate, round bundle of fibres
which descends perpendicularly from the roof of the tympanum to the head of the
malleus.

The external ligament of the malleus is a triangular plane of fibres passing from
the notch in the tympanic ring {incisura Bivini) to the short process of the
malleus.

The posterior ligament of the incus is a short, thick, ligamentous band which
connects the extremity of the short process of the incus to the posterior wall of
the tympanum, near the margin of the opening of the mastoid cells.
The annular ligament of the stapes connects the circumference of the base of
this bone to the margin of the fenestra ovaHs.

;
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suspensory ligament of the incus has been described by Arnold, descending
of the tympanum to the upper part of the incus, near its articulation with the malleus.
The muscles of the tympanum are two

from the roof

:

Tensor tympani.

Stapedius.

The Tensor tympcaii, the larger, is contained in the bony canal, above the
osseous portion of the Eustachian tube, from which it is separated by the processus
It arises fi'om the under surface of the petrous bone, from the
cochleariformis.
cartilaginous portion of the Eustachian tube, and from the osseous canal in which
Passing backwards through the canal, it terminates in a slender
it is contained.
tendon which enters the tympanum and makes a sharp bend outward round the
extremity of the processus cochleariformis, and is inserted into the handle of the
It is supplied by a branch from the otic ganglion.
malleus, near its root.
The Stapedius arises from the side of a conical cavity, hollowed out of the
its tendon emerges from the orifice at the apex of the
interior of the pyramid
pjrramid, and, passing forwards, is inserted into the neck of the stapes.
Its
surface is aponeurotic, its interior fleshy and its tendon occasionally contains a
It is supphed by the
slender bony spine, which is constant in some mammalia.
tympanic branch of the facial nerve.
The Tensor tympani di-aws the membrana tympani inwards, and
Actions.
thus heightens its tension. The Stapedius draws the head of the stapes backwards, and thus causes the base of the bone to rotate on a vertical axis drawn
through its own centre in doing this the back part of the base would be pressed
inwards towards the vestibule, while the fore part would be di'awn from it. It
probably compresses the contents of the vestibule.
The mucous membrane of the tympanum is continuous with the mucous membrane of the pharynx, through the Eustachian tube. It invests the ossicula, and
the muscles and nerves contained in the tympanic cavity forms the internal
covers the foramen rotundum, and is reflected
layer of the membrana tympani
It forms several vascular folds,
into the mastoid cells, which it lines throughout.
which extend from the walls of the tympanum to the ossicles of these one
descends from the roof of the tympanum to the head of the malleus and upper
margin of the body of the incus, a second passes backwards from the posterior
crura of the stapes and invests the Stapedius muscle other folds invest the
cordi tympani nerve to the Tensor tympani muscle.
These folds separate off
pouch-like cavities, and give the interior of the tympanum a somewhat honeycomb appearance. In the tympanum this membrane is pale, thin, slightly
vascular, and covered for the most part T\-ith columnar ciliated epithehum, but that
covering the p}Tamid, ossicula, and membrana tympani possesses a flattened noncihated epithelium.
In the antrum and mastoid cells its epithehum is also nonciliated.
In the osseous portion of the Eustachian tube the membrane is thin
but in the cartilaginous portion it is very thick, highly vascular, covered with
laminated ciliated epithelium, and provided with numerous mucous glands.
The arteries supplying the tympanum are six in number. Three of them are
larger than the rest, viz. the tympanic branch of the internal maxillary, which
supphes the membrana tympani the Vidian, and the stylo-mastoid branch of the
posterior auricular, which supplies the back part of the tympanum and mastoid
cells.
The smaller branches are the petrosal branch of the raiddle meningeal,
which enters through the hiatus Fallopii a branch from the ascending pharyngeal and another from the Vidian, which pass up the Eustachian tube and the
tympanic branch from the internal carotid, given off in the carotid canal and
perforating the thin anterior wall of the tympanum.
The veins of the tympanum terminate in the temporo-maxillary vein and in
;

;

—

:

;

;

;

:

;

—

;

;

the superior petrosal sinus.

The nerves

of the

tympanum

constitute the tympanic plexus,

which ramifies
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The plexus

promontoiy.

is formed by the (i) tympanic
the small deep petrosal nerve { (3) the
long petrosal nerve and (4) the small superficial petrosal nerve.
The tympanic branch of the glosso-jjharyngeal (Jacobson's nerve) enters the
tympanum by an aperture in its floor close to the inner wall and divides into
branches, which ramify on the promontory and enter into the formation of the
The small deep petrosal nerve from the carotid plexus of the symplexus.
pathetic, passes through the wall of the carotid canal and joins the branches of
Jacobson's nerve. The long petrosal nerve from the great superficial petrosal is
given off in the foramen lacerum medium and passes through an openincf on the
inner wall of the tympanum in front of the fenestra ovahs. It joins with the
The small superficial petrosal nerve, derived from
other branches of the plexus.
the otic ganghon, passes through a foramen in the middle fossa of the base of
the skull (sometimes the foramen ovale), passes backwards and enters the
petrous bone through a small aperture, situated external to the hiatus Fallopii

branch

of the glosso-pharyngeal

;

(2)

;

on the anterior surface of this bone it then courses downwards through the
bone, and, passing by the ganghform enlargement of the facial nerve, receives
a connecting filament from it and enters the tympanic cavity, where it
communicates with Jacobson's nerve, and assists in forming the tympanic plexus.
The branches of distribution of the tympanic plexus are distributed to the
mucous membrane of the tympanum one special branch passing to the
fenestra ovalis, another to the fenestra rotunda, and a third to the Eustachian
;

;

tube.

In addition to the tympanic plexus there are the nerves supplpng the
muscles. The Tensor tympani is supphed by a branch from the internal pterj-goid of the thu-d division of the fifth through the otic ganghon, and the Stapedius
by the tympanic branch of the facial.

The chorda tympani nerve

crosses the tympanic cavity.
It is given off from
passes vertically downwards at the back of the tympanum, about
a quarter of an inch before its exit from the stylo-mastoid foramen.
It passes
from below upwards and forwards in a distinct canal, and enters the cavity of
the facial, as

it

tympanum through an aperture, iter chorda posterius, on its posterior wall
between the opening of the mastoid ceUs and the attachment of the membrana
tympani, and becomes invested with mucous membrane. It passes forwards
through the cavity of the tympanum, crossing behind the membrana tympani
and over the handle of the malleus to the anterior inferior angle of the
tympanum, and emerges from that cavity through a foramen at the inner end of
the Glaserian fissure, which is caUed the iter chorda anterius, or canal of
Huguier. It is invested by the fold of mucous membrane akeady mentioned,
and therefore lies between the mucous and fibrous layers of the membrana

the

tympani.

Internal Ear, or Labyrinth

The

the essential part of the organ, receiving the ultimate
It is called the labyrintli, from the comthe osseous lahyrinth, a series of
plexity of its shape, and consists of two parts
cavities channelled out of the substance of the petrous bone, and the membranous labyrinth, the latter being contained within the former.
internal ear

is

distribution of the auditory nerve.

:

The Osseous Labyrinth
The

osseous labyrinth, consists

of

three parts

:

the vestibule, semicircular

and cochlea. These are ca^nties hollowed out of the substance of the
bone, and hned by periosteum, and containing a clear fluid, perilymph, or hquor
Cotunnii, in which the membranous'lab}-rinth is contained.
The Vestibule (fig. 548) is the common central cavity of communication

canals,

;
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between the parts

of the internal ear.

It is situated

on the inner

side of the

tympanum, behind the cochlea, and in front of the semicircular canals.
somewhat ovoidal in shape from before backwards, flattened from within

It is

out-

wards, and measures about one-fifth of an inch from before backwards, as well
as from above downwards, being narrower from without inwards.
On its outejor tympanic tvall is the fenestra ovalis, closed, in the recent state, by the base of
the stapes, and its annular ligament. On its inner tvall, at the fore part, is a
small circular depression, fovea hemisioherica, which is perforated, at its anterior
and inferior part, by several minute holes [macula cribrosa) for the passage of
and behind this depression is a vertical
filaments of the auditory nerve
This ridge bifurcates below
ridge, the pyramidal eminence {crista vestibuli).
to enclose a small depression, the fossa coclilearis, which is perforated by a
number of holes for the passage of filaments of the auditory nerve. At the
hinder part of the inner wall is the orifice of the aqueductus vestibuli, which
extends to the posterior surface of the petrous portion of the temporal bone. It
transmits a small vein, and, according to some, contains a tubular prolongation
;

Fig. 548.

— The osseous labyrinth laid open.

Enlarged.)

02}ening of aqueductus vestibuli

Bristle passed throu.gli

foramen rotundum

Opening of aqueductus cochlea

of

the lining

membrane

of

the vestibule, the ductus endo-lympJiaticus, which

ends in a cul-de-sac between the layers of the dura mater within the cranial
cavity.
On the upper wall or roof is a transversely oval depression, fovea
semi-elliptica, separated from the fovea hemispherica
by the pyramidal
eminence already mentioned. Behind, the semicircular canals open into the
vestibule by five orifices.
In front is a large oval opening, which communicates
with the scala vestibuli of the cochlea by a single orifice, apertura scalce vestibuli
cochlecB.

The Semicircular canals are three bony canals, situated above and behind
the vestibule. They are of unequal length, compressed from side to side, and
describe the greater part of a circle.
They measure about one-twentieth of an
inch in diameter, and each presents a dilatation at one end, called the ampulla,
which measures more than twice the diameter of the tube. These canals open
into the vestibule by five orifices, one of the apertures being common to two of
the canals.
The superior semicircular canal is vertical in direction, and stretches across
the petrous portion of the temporal bone, at right angles to its posterior surface
its arch forms a round projection on the anterior surface of the petrous bone.
It
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describes about two-thirds of a circle.
Its outer extremity, which
commences by a distinct orifice in the upper part of the vestibule

is

ampuUated,

the opposite
end of the canal, which is not dilated, joins with the corresponding part of the
posterior canal, and opens by a common orifice with it in the back part of the
;

vestibule.

The posterior se?nicircular canal, also vertical in direction, is directed backwards, nearly parallel to the posterior surface of the petrous bone it is the
longest of the three, its ampuUated end commences at the lower and back part
of the vestibule, its opposite end joining to form the common canal already
mentioned.
The external or horizontal canal is the shortest of the three, its arch being
directed outwards and backwards thus each semicircular canal stands at right
Its ampuUated end corresponds to the upper and outer
angles to the other two.
angle of the vestibule, just above the fenestra ovalis its opposite end opens by
a distinct orifice at the upper and back part of the vestibule.
The Cochlea bears some resemblance to a common snail-shell it forms the
anterior part of the labyrinth, is conical in form, and placed almost horizontally
its apex is directed forwards and outwards, with a
in front of the vestibule
slight inclination downwards, towards the upper and front part of the inner wall
its base corresponds with the anterior depression at the
of the tympanum
bottom of the internal auditory meatus, and is perforated by numerous apertures, for the passage of the cochlear branch of the auditory nerve. It measures
about a quarter of an inch in length, and its breadth towards the base is somewhat greater.
It consists of a conical- shaped central axis, the modiolus or
columella of a canal, the inner wall of which is formed by the central axis,
wound spirally around it for two turns and a half, from the base to the apex,
and of a delicate lamina (the lamina spiralis) which projects from the modiolus,
In the
and, following the windings of the canal, partially subdivides into two.
recent state certain membranous layers are attached to the free border of this
lamina, which project into the canal and completely separate it into two passages, which, however, communicate with each other at the apex of the modiolus
by a small opening, named the helicotrema.
The modiolus or columella is the central axis or pillar of the cochlea. It
Its
is conical in form, and extends from the base to the apex of the cochlea.
base is broad, corresponds with the first turn of the cochlea, and appears at the
bottom of the internal auditory meatus it is perforated by numerous orifices,
which transmit filaments of the cochlear branch of the auditory nerve the axis
diminishes rapidly
size in the second coil, and terminates within the last halfcoil in an expanded, delicate, bony lamella, the infundihidum, which blends with
The outer surface of the modiolus is dense
the termination of the spiral canal.
in structure, but its interior is spongy as far as the last half-coil, and is chan;

;

;

:

;

;

;

;

;

m

nelled by numerous branching canals, which transmit nervous filaments in
regular succession into the canal of the cochlea, or on to the surface of the
lamina spirahs. One of these, larger than the rest, occupies the centre of the
modiolus, and is named the canalis centralis modioli it extends from the base
to the apex of the modiolus, and transmits a small nerve and artery (arteria
;

centralis modioli).

sinral canal (fig. 549) takes two turns and a half round the modiolus.
about an inch and a half in length, measured along its outer wall, and
diminishes gradually in size from the base to the summit, where it terminates in
a cul-de-sac, the cupola, which forms the apex of the cochlea, and is continuous with the infundibulum of the modiolus. The commencement of this
canal is about the tenth of an inch in diameter it diverges from the modiolus
towards the tympanum and vestibule, and presents three openings. One, the

The

It is

;

communicates with the tympanum; in the recent state this
closed by a membrane, the memhrana tympani secundaria. Another
The third is the aperture of the
aperture, of an oval form, enters the vestibule.

fenestra rotunda,

aperture

is

3N
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aqvTeductus cochlea, leading to a minute funnel-shaped canal, which opens on
the basilar surface of the petrous bone and transmits a small vein, and also
forms a communication between the subarachnoidean space of the skull and
the perilymph contained in the scala tympani.
Fig. 549.

— The cochlea laid open.

(Enlarged.)

The osseous lamina sinralis is a bony shelf or ledge which projects outwards
from the modiolus into the interior of the spiral canal, and, like the canal,
takes two and a half turns round the modiolus. It reaches about halfway
towards the outer wall of the spiral tube, and partially divides its cavity into two
Near the summit of the
portions, as it follows its winding from base to apex.
cochlea the lamina terminates in a hook-shaped process, the hanndus, which
forms the boundary of a small opening, the lielicotrema, by which the two
scala3, into which the spiral canal is divided, communicate with each other.
These scalse are named scala vestibuli and scala tymjxini.

The Mebibkanous Labyrinth

(fig.

550)

The membranous labyrinth is contained within the bony cavities just
In the vestibule and semicircular canals it consists of a membranous
sac, having the same general form as the cavities in which it is contained,
though considerably smaller, being separated from the bony walls by a quantity

described.

of fluid, the perilyDiph.

places

is

It

does not, however, float loosely in this

fixed to the walls of the cavity.

The membranous

fluid,

but in

sac, contains fluid,

the endo-lympli, and on it the ramifications of the auditory nerve are distributed.
The membranous labyrinth of the cochlea consists of a tube containing endo-

lymph, and partly surrounded by perilymph, which occupies the spiral canal of
the osseous cochlea but in addition to this it completes the septum between the
scala vestibuli and the scala tympani, and also shuts off a small portion of the
;

first-named scala, as a separate canal, the canalis cochleae.
Within the osseous vestibule the membranous labyrinth does not quite
preserve the form of the bony cavity, but presents tw^o membranous sacs, the
utricle and the saccule.
The utricle is the larger of the two, of an oblong form,
compressed laterally, and occupies the upper and back part of the vestibule,
lying in contact with the fovea semi-elliptica and the part below it.
That
portion which is lodged in the fovea forms a sort of pouch or cul-de-sac, the
wall of which is much thicker than elsew4iere, and has attached to its
internal surface a layer of calcareous particles (otoliths).
Here numerous
filaments of the auditory nerve are distributed to the wall of the sac. Its
cavity communicates behind with the membranous semicircular canals by five
orifices.

The

saccule is the smaller of the two vestibular sacs
it is globular in form,
the fovea hemispherica near the opening of the scala vestibuli of the
cochlea, and receives numerou.s nervous filaments, which enter from the bottom
of the depression in which it is contained.
Its cavity does not directly com-

lies in

;
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municate with that of the utricle. Prom the lower part of the
saccule a funnelshaped tube passes downwards and outwards to open into the spiral
canal of the
This is known by the name of the canalis rewiiens
cochlea.
(fig.
550).

The

memhranous semicircular canals are about one-third the diameter of the
osseous
canals, but in number, shape, and general form they are precisely
similar, and
present at one end an ampullary enlargement. They are hollow
and opek by
five orifices into the utricle, one opening being common to
two canals. Their
ampullar are thicker than the rest of the tubes, and nearly fill the
cavities in
which they are contained.

The membranous lab}T.'inth is held in its position by numerous fibrous bands
which stretch across the space between the membranous and bony labyrinths.
These fibrous bands convey the blood vessels and nervous filaments distributed
to the utricle, to the saccule, and to the ampuUge of each canal.
Structure.— The wall of the membranous labyrinth

is

semi-transparent and

The

consists of three layers.

outer layer is a loose and flocculent structure,
-of ordinary fibrous tissue, containing blood
vessels and

apparently composed
cells analogous to those in the pigment coat of the retina.
The middU
layer, thicker and more transparent, bears some resemblance
to the hyaloid
membrane, but it presents on its internal surface numerous papilliform proiec-

pigment

FiCt. 550.

— The membranous labyrinth.

CANALI

S

REUNI6N

(Enlarged.)

^

on the addition of acetic acid, presents an appearance of longitudinal
and elongated nuclei.
The inner layer is formed of polygonal
nucleated epithelial cells.
In the utricle, the saccule and the ampullae of the
canals at the part where they are connected to the bony walls, the middle coat
is thickened
and the epithelium is columnar, each epithelial cell being surmounted by a long, tapering filament (auditory hair) which projects into the
cavity.
The filaments of the auditory nerve enter this part, and having pierced
the outer and thickened middle layer, they lose their medullary sheath, and
their axis cylinders ramify between those columnar cells which bare the auditory
tions, and,

fibrillation

hairs.

The endo-lymph (liquor Scarpa;) is a limpid serous fluid which fills the
membranous labyrinth; in composition it closely resembles the perilymph.
The otoliths are two small rounded bodies, consisting of a mass of minute
crystalline grains of carbonate of lime, held together in a mesh of delicate fibrous
and saccule opposite the discalcareous material is also, according to Bowman,
sparingly scattered in the cells lining the ampullae of the semicircular canals.
The membranous labyrinth of the cochlea consists of a tube enclosed in the
spiral canal, which is divided into three compartments by certain other membranous structures, which will now be described.

tissue,

and contained

in the walls of the utricle

tribution of the nerves.

A

3

N

2

;
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The osseous lamina, as above stated, extends only part of the distance
between the modiolus and the outer bony wall of the cochlea. Near its outer
end it becomes somewhat thickened, and this thickened part is known as the
limbus lamina spiralis. It terminates abruptly in a grooved extremity, the sulcus
the upper part of the letter,
spiralis, which presents the form of the letter C
being formed by the overhanging extremity of the limbus, is named the labium
vestibulare the lower part, prolonged and tapering, is called the labium tym^oanicum (fig. 551). From the labium tympanicum a thin membrane extends over to
the bony wall of the cochlea, completing the scala tympani. This membrane is
called the membrana basilaris. At its outer attachment it swells out so as to form
a thick, triangular structure, which was regarded as a muscle by Tod and Bowman
the ligamentum spirale.
(cochlearis), but is now recognised as ligamentous
Between the labium vestibulare and the attachment of the membrane of Eeissner,
presently to be described, a very delicate membrane extends over towards the
outer wall of the cochlea, running nearly parallel to the membrana basilaris. It
was described by Corti, and covers over the organ which is called after his name,
:

;

—

membrane of Corti or membrana tectoria. When this
the specialised epithelium known as the rods of Corti, it
swells out and forms a thick fibrillated membrane, which rests on the rods
beyond these structures it again thins out and forms a delicate membrane over
and

is

therefore called the

membrane passes over

Fig. 551.

— Floor of scala media, showing the organ of Corti,

etc.

Farther inwards, near the commencement of the limbus
laminae spiralis, another delicate membrane, the membrane of Eeissner, is attached
to the vestibular surface of the periosteum of the osseous lamina, and stretches

the outer hair-cells.

across to the outer wall of the cochlea.
The canal which lies below the osseous
lamina and membrana basilaris is the scala tympani that which is bounded by
the osseous lamina and meinbrane of Eeissner the scala vestibuli; while the
space between the membrane of Eeissner and membrana basilaris is generally
described as the Scala media, Canalis membranacea, or Canalis cochlea. The
latter is the space in which the organ of Corti* is contained.
This organ (fig.
551) is situated upon the membrana basilaris, and appears at first sight as a
papilla, winding spirally with the turns of this membrane throughout the whole
length of the cochlea, from which circumstance it has been designated the
papilla spiralis.
More accurately viewed, it is seen to be composed of a
remarkable arrangement of cells, w^hich may be likened to the keyboard of a
pianoforte.
Of these cells, the two central ones are rodlike bodies, and are called
the inner and outer rods of Corti. They are placed erect on the basilar membrane,
at some little distance from each other, the space between them being denominated
the zona arciiat:i; they are inclined towards each other, so as to meet at their
opposite extremities, and form a series of arches roofing over the zona arcuata,
;

* Corti's original

paper

is

in the Zeitschrift f. Wissen.

ZooL

iii.

109.
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thus forming a minute tunnel between them and the basilar membrane,
which
ascends spirally through the whole length of the cochlea. They are
estimated
at over three thousand in number.
The inner rods, which are more numerous than the outer ones, rest on the
basilar membrane, close to the labium tympanicum
they project obhquely
forwards and outwards, and terminate above in expanded extremities,
which
resemble in shape the upper end of the ulna, with its sigmoid cavity,
coronoid
and olecranon processes. On the outer side of the rod, in the angle
;

formed
and the basilar membrane, is a protoplasmic cell whilst on the inner
a row of epithehal cells, surmounted by a brush of fine, stiff, hairlike

between
side is

it

;

processes, these cells being continuous with the cubical cells hning the
sulcus
spiralis.

The outer rods also rest by a broad foot on the basilar membrane; they
incHne forwards and inwards, and their upper extremity resembles the head and

swan

the head fitting into the concavity— the analogue of the sicrmoid
one or more of the internal rods, and the bill resting against the
phalanges of the lamina reticularis, presently to be described.
bill of

a

cavity

—

;

of

Fig. 552.

—Longitudinal section of the cochlea, showing the relations
of the scalae, the ganglion spirale, etc.

S.

V. Scala vestibuli.

S, T.

Soala tympani.
Gr.

I

S.

S.

M. Soala media.

Ganglion

L. S.

Ligamentum

spirale.

spirale.

In the head of these outer rods is an oval portion, where the fibres of which
the rod appears to be composed are deficient, and which stains more deeply with
carmine than the rest

supposed to represent the nucleus of
At the base of the rod, on
its internal side
that is to say, in the angle formed by the rod with the basilar
membrane is a similar protoplasmic cell to that found on the outer side of the
base of the inner rod whilst external to the outer rod are three or four successive
rows of epithelial cells, more elongated than those found on the internal side of
the inner rod, but, like them, furnished with minute hairs or ciUa.
These are
termed the outer hair-cells, in contradistinction to the inner set, which are termed
the ijiner hair-cells.
They are attached by their bases to the basilar membrane,
whilst from the opposite extremity a brush of hairs or cilia projects through the
reticular membrane.
They are continuous externally with the cubical cells on
the cell from

—

of the rod.

which the rod was

This

is

originally developed.

—

;

membrane.
membrane of Kolliker is a

the lateral part of the basilar

The

reticular lamina or

by rounded holes.

It extends

from the inner rods

delicate

framework perforated
row

of Corti to the external

.
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of the outer hair-cells,

and

is

formed by several rows of minute fiddle-shaped
which are holes for the projection
'

cuticular structures,' called j^halcmges, between
of the ciliae of the outer hair-cells.

Covering over these structures, but not touching them, is the membrana
membrane of Corti, which is attached to the vestibular surface of the
lamina spiralis close to the attachment of the membrane of Eeissner it courses
over the denticulate la.mina, and, passing outwards parallel to the basilar
membrane, is blended with the ligamentum spirale on the outer wall of the spiral
tectoria, or

;

canal.*

The wnier surface of the osseous labyrinth is lined by an exceedingly thin
membrane, analogous to a periosteum, from its close adhesion to the
inner surfaces of these cavities, and performing the office of a serous membrane
fibro-serous

by

its free surface.
It lines the vestibule, and from this cavity is continued into
the semicircular canals and the scala vestibuli of the cochlea, and through the
helicotrema into the scala tympani. A delicate tubular process is prolonged

along the aqueduct of the vestibule to the inner surface of the dura mater. This
membrane is continued across the fenestra ovalis and rotunda, and consequently
has no communication with the lining membrane of the tympanum. Its attached
surface is rough and fibrous, and closely adherent to the bone its free surface is
smooth and pale, covered with a layer of epithelium, and secretes a thin, limpid
fluid, the aqua labyrinthi, liquor Gotunnii, ox lyerilymph (Blainville)
The scala media is closed above and below. The upper blind extremity is
attached to the cupola at the upper part of the heUcotrema the lower end fits
into the angle at the commencement of the osseous lamina on the floor of the
vestibule.
Near this blind extremity, the scala media receives the canalis reuniens
(fig. 550), a very delicate canal, by which the ductus cochlearis is brought into
continuity with the saccule.
The arteries of the labyrinth are the internal auditory, from the basilar the
stylo-mastoid, from the posterior auricular and, occasionally, branches from the
occipital.
The internal auditory divides at the bottom of the internal meatus
into two branches
cochlear and vestibular.
The cochlear branch subdivides into from twelve to fourteen twigs, which
traverse the canals in the modiolus, and are distributed, in the form of a capillary
network, in the substance of the lamina spiralis.
The vestibular branches accompany the nerves, and are distributed, in the form
of a minute capillary network, in the substance of the membranous labyrinth.
The veins (auditory) of the vestibule and semicircular canals accompany the
arteries, and, receiving those of the cochlea at the base of the modiolus, terminate
in the superior petrosal sinus.
The auditory nerve, the special nerve of the sense of hearing, divides, at the
bottom of the internal auditory meatus, into two branches, the cochlear and
vestibular.
The trunk of the nerve, as well as the branches, contains numerous
ganglion-cells with caudate prolongations.
The vestibular nerve, the posterior of the two, divides into three branches
superior, middle, and inferior.
The superior vestibular branch, the largest, divides into numerous filaments,
which pass through minu.te openings at the upper and back part of the cul-de-sac
at the bottom of the meatus, and, entering the vestibule, are distributed to the
utricle and to the ampulla of the external and superior semicircular canals.
;

;

;

;

:

:

The middle

vestibular branch consists of numerous filaments, which enter the
by a smaller cluster of foramina, placed below those above-mentioned,
and which correspond to the bottom of the fovea hemispherica they are disvestibule

;

tributed to the saccule.

The inferior and smallest branch passes backwards in a canal behind the
foramina for the nerves of the saccule, and is distributed to the ampulla of the
posterior semicircular canal.
*

In

fig.

551 only the inner half of the inembrane

is

represented.

;
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The nervous filaments enter the ampuUary enlargements at a deep depression
seen on their external surface, with a corresponding elevation when seen from
within the nerve-fibres ending in loops and in free extremities. In the utricle
and saccule the nerve-fibres spread out, some blending with the calcareous
matter others, radiating on the inner surface of the wall of each cavity, become
blended with a layer of nucleated cells, and terminate in a thin fibrous film.
The cochlear nerve divides into numerous filaments at the base of the modiolus,
which ascend along its canals, and then, bending outwards at right angles, pass
through the substance of the bony lamina spiralis, close to its tympanic surface.
During their passage through the spiral lamina the nerves form a plexus, which
contains ganglion cells forming the ganglion spirale. From this ganglion delicate
filaments pass through the osseous lamina to the sulcus spiralis and pass outwards
to the organ of Corti.
Their exact termination is uncertain. Waldeyer describes
;

;

them

as collected into

two groups, one group ending

in the outer

and the other

in the inner hair-cells.

—

Surgical Anatomy. Malformations, such as imperfect development of the external
meatus, or supernumerary auricles, are occasionally met with. Or
the pinna may present a congenital fistula, which is due to defective closure of the first
visceral cleft, or rather of that portion of it which is not concerned in the formation of the
Eustachian tube, tympanum, and meatus. The skin of the auricle is thin and richly
siipplied with blood, but in spite of this it is frequently the seat of frost-bite, due to the
fact that it is much exposed to cold, and lacks the usual covering of subcutaneous fat
found in most other parts of the body. A collection of blood is sometimes found between
the cartilage and perichondrium (licematoma aiiris), usually the result of traumatism, but
not necessax'ily due to this cause. It is said to occur most frequently in the ears of the
insane.
Keloid sometimes grows in the auricle around the puncture made for earrings,
and epithelioma occasionally affects this part. Deposits of urate of soda are often met with
in the piinna in gouty subjects.
The external auditory meatus can be most satisfactorily examined by light reflected
down a funnel-shaped speculum by gently moving the latter in different directions the
whole of the canal and membrana tympani can be brought into view. The points to be
noted are, the presence of wax or foreign bodies the size of the canal and the condition of
the membrana tympani. Accumulation of wax is often the cause of deafness, and may
give rise to very serious consequences, causing ulceration of the membrane and even absorption of the bony wall of the canal.
Foreign bodies are not infrequently introduced into the
ear by children, and, when situated in the first portion of the canal, may be removed with
parts, absence of the

;

;

;

by means of a minute hook or loop of fine wire, aided by reflected light
slipped beyond the narrow middle part of the meatus, their removal is
in no wise easy, and attempts to effect it, in inexperienced hands, may be foUowed
by destruction of the membrana tympani and possibly the contents of the tympanum.
The calibre of the external auditory canal may be narrowed by inflammation of its lining
membrane, running on to suppuration by periostitis by polypi, sebaceous tumours, and
exostoses.
The membrana tympani, when seen in a healthy ear, reflects light strongly,
and, owing to its pecuhar curvature, presents a bright spot of triangular shape at its lower
and anterior portion.' From the apex of this, jjroceeding upwards and slightly forwards, is
a white streak formed by the handle of the maheus, while at the upper and middle part of
the membrane may be seen a shght projection, caused by the short process of the maUeus.
In disease, alterations in colour, lustre, curvature or inclination, and perforation must be
noted.
Such perforations may be caused by a blow, a loud report, or a wound._
The upper wall of the meatus is separated from the cranial cavity by a thin plate of
bone the anterior wall is separated from the teinporo-maxiUary joint and parotid gland
by the bone forming the glenoid fossa and the posterior wall is in relation with the
mastoid cells, hence inflammation of the external auditory meatus may readily extend to
tolerable facility

but

when they have

;

;

'

;

;

and,
the membranes of the brain, to the temporo-maxillary joint, or to the mastoid cells
in addition to this, blows on the chin may cause fracture of the wall of the meatus.
The nerves supplying the meatus are, the auricular branch of the pneumogastric, the
auriculo-temporal, and the auricularis magnus. The connections of these nerves explam
the fact of the occurrence, in cases of any irritation of the meatus, of constant coughmg
and sneezing, from imphcation of the pneumogastric, or of yawning from implication of
cancer
the auriculo-temporal. No doubt also the association of earache, with toothache,
of the tongue is due to imphcation of the same nerve, a branch of the fifth, which supphes
also the teeth and the tongue.
The vessels of the meatus and membrana tympani are
;

m

derived from the posterior auricular, temporal, and internal maxillary arteries. The upper
half of the membrana tympani is much more richly supphed with blood than the lower
half.
For this reason, and also to avoid the chorda tympani nerve and ossicles, incisions
through the membrane should be made at the lower and posterior part.
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The principal point in connection Math the siu-gical anatomy of the tympanum is
Its roof is formed by a thin plate of bone, which, with the
relations to other parts.
dura mater, ia all that separates it from the temporo-sphenoidal lobe of the brain. Its
floor is immediately above the jugular fossa behind and the carotid canal in front.
Its
On its anterior wall is the
posterior wall presents the openings of the mastoid cells.
opening of the Eustachian tube. Thus it follows that in disease of the naiddle ear we
may get subdural abscess, septic meningitis, or abscess of the cerebrum or cerebellum,
from extension of the inflammation through the bony roof ; thrombosis of the lateral sinus,
with or without pysemia, by extension through the floor or mastoid abscess, hj extenIn addition to this we may get fatal haemorrhage from the internal
sion backwards.
carotid in destructive changes of the middle ear. And in throat disease we may get the
inflammation extending up the Eustachian tube to the middle ear. The Eustachian tube
If the nose and mouth be closed, and an attempt made to
is accessible from the nose.
expire air, a sense of pressure with dulness of hearing is produced in both ears, from the
air finding its way up the Eustachian tube and bulging out the membrana tj^mpani.
During the act of swallowing, the pharyngeal orifice of the tube, which is normally closed,
is opened, probably bj' the action of the Tensor tympani.
This fact was employed by
Politzer in devising an eas^^ method of inflating the tube.
The nozzle of an indiarubber
syringe is inserted into the nostril the patient takes a mouthfi;! of water and holds it in
his mouth ; both nostrils are closed with the finger and thumb to prevent the escape of
air, and the patient is then requested to swallow
as he does so, the air is forced out of the
syringe into his nose, and is driven into the Eustachian tube, which is now open. The
impact of the air against the membrana tjonpani can be heard, if the membrane is sound,
by means of a piece of indiarubber tubing, one end of which is inserted into the meatus
of the patient's ear, the other into that of the surgeon.
The direct examination of the
Eustachian tube is made by the Eustachian catheter. This is passed along the floor
of the nostril, with the curve downwards, to the posterior wall of the pharynx.
When
this is felt, the catheter is to be withdrawn about half an inch, and the point rotated
outwards tln^oiigh a quarter of a circle and pushed agam slightlj' backwards, when it wiU
enter the orifice of the tube, and will be found to be caught, and air forced into the
catheter will be heard impinging on the tympanic membrane, if the ear of the patient and
surgeon are connected bv an indiarubber tube.
its

;

;

;
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TTlHE Apparatus

X

and

for the Digestion of the

Food

consists of the alimentary canal

of certain accessory organs.

The alimentary canal
length, extending

is

musculo-membranous

a

tube, about thirty feet in

from the mouth to the anus, and lined throughout

its

entire

mucous membrane. It has received different names in the various
at its commencement, the mouth, we find provision made
its course

extent by
parts of

:

of the food (mastication), and for its admixture with
by the salivary glands (insalivation) beyond this are the organs
of deglutition, the pharynx and the oesophagus, tvhich convey the food into that
part of the alimentary canal (the stomach) in which the principal chemical
changes occur, and in which the reduction and solution of the food take place

mechanical division

for the

a fluid secreted

;

;

the food (the chyle) are
separated, by its admixture with the bile and pancreatic fluid, from that
portion which passes into the large intestine, most of which is expelled from the
in

the small intestines, the

nutritive

principles

of

system.

Alimentary Canal

Duodenum
Mouth.
Pharynx.

Small intestine

Jejunum.

-

Ileum.
/Caecum.

^

(Esophagus.
Stomach.

Large intestine

Colon.

^Eectum.
Accessory Organs
Teeth.
1

Salivary glands
^

|:

The month

Parotid.

Liver.

Submaxillary.
Sublingual.

Pancreas.
Spleen.

(oral or buccal cavity) is placed at the

commencement

of the ali-

which the mastication of the
food takes place (fig. 553). It is bounded, in front, by the lips laterally, by the
cheeks and the alveolar processes of the upper and lower jaws above, by the
hard palate and teeth of the upper jaw below, by the tongue and by the mucous
membrane stretched between the under surface of that organ and the inner
surface of the jaws, and by the teeth of the lower jaw behind, by the soft palate
and fauces.
The mucous membrane hning the mouth is continuous with the integument at
the free margin of the lips, and with the mucous lining of the fauces behind it
parts
is of a rose-pink tinge during hfe, and very thick where it covers the hard
bounding the cavity. It is covered by stratified epithehum.
The lips are two fleshy folds which surround the orifice of the mouth, formed
externally of integument and internally of mucous membrane, between which are
found the Orbicularis oris muscle, the coronary vessels, some nerves, areolar
The inner surface of each lip
tissue, and fat, and numerous small labial glands.
by a fold of
is connected in the middle line to the gum of the corresponding jaw
mentary canal

;

it is

a nearly oval-shaped cavity, in

;

;

;

;

;
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mucous membrane, the franumlahii superioris and inferioris ^the former being
the larger of the two.
The

between the mucous membrane and the OrbicuThey are rounded in form, about the
size of small peas, their ducts opening by small orifices upon the mucous memIn structure they resemble the salivary glands.
brane.
The cheeks form the sides of the face, and are continuous in front with the
lips.
They are composed externally of integument
internally of mucous
membrane and between the two of a muscular stratum, besides a large quantity
of fat, areolar tissue, vessels, nerves, and buccal glands.
The mucous mevibrane lining the cheek is reflected above and below upon the
gums, and is continuous behind with the lining membrane of the soft palate.
labial glands are situated

laris oris,

round the

orifice of

the mouth.

;

;

Fig. 553.

— Sectional view

of the nose,

mouth, pharynx,

etc.

ng of nasal duct

''

Bristle passed through

Stenson's duct

Opposite the second molar tooth of the upper jaw is a papilla, the summit of
which presents the aperture of the duct of the parotid gland. The principal
muscle of the cheek is the Buccinator but numerous other muscles enter into
its formation
viz. the Zygomatici, Risorius Santorini, and Platysma myoides.
The buccal glands are placed between the mucous membrane and Buccinator
muscle they are similar in structure to the labial glands, but smaller. Two or
three of larger size than the rest are placed between the Masseter and Buccinator
muscles their ducts open in the mouth opposite the last molar tooth. They
;

:

:

;

are called molar glands.

The gums are 'composed of a dense fibrous tissue, closely connected to the
periosteum of the alveolar processes, and surrounding the necks of the teeth.
They are covered by smooth and vascular mucous membrane, which is remark-

THE TEETH
able for its limited sensibility.

Around the necks of the teeth this membrane
and from this point it is reflected into the

presents numerous fine papillae
alveolus,

where

;

continuous with the periosteal

is

it
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membrane

lining that

cavity.

The Teeth
The human subject is provided with two sets of teeth, which make their
appearance at different periods of life. The first set appear in childhood, and are
called the temporary, deciduous, or milk teeth.
The second set, which also appear at an early period, continue until old age, and are named permanent.
The temporary teeth are twenty in number four incisors, two canine, and
four molars, in each jaw.
:

The permanent
two

lateral),

teeth are thirty-two in

number

two canines, four bicuspids, and

General Characters.

—Each

four incisors (two central

:

six molars, in

and

each jaw.

tooth consists of three portions the croion, or
the root, or fang, entirely concealed within
the alveolus
and the neck, the constricted portion, between the other two.
The roots of the teeth are firmly implanted within the alveoli these depressions are lined with periosteum, which is reflected on to the tooth at the point of
the fang, and covers it as far as the neck. At the margin of the alveolus, the
body, projecting above

the

:

gum

;

;

;

periosteum becomes continuous with the fibrous structure of the gums.
In consequence of the curve of the dental arch, such terms as anterior,
posterior, internal

and

external, as applied to the teeth, are misleading,

and con-

terms are therefore applied to the different surfaces of a tooth that
surface which is directed towards the lips or cheek is known as the labial
surface that which is directed towards the tongue is described as the lingual
surface that surface which is directed towards the mesial line, supposing the
teeth were arranged in a straight line outwards from the central incisor, is
known as the proximal surface whilst that which is directed away from the

fusing. Special

:

;

;

;

mesial line

The

is

called the distal surface.

teeth in the upper jaw form a larger arch than those in the lower jaw, so
and at the

that they slightly overlap those of the inferior maxilla both in front

normal condition. In consequence of the greater width of the upper
central incisors over those of the lower, the other teeth in the upper jaw are
sides in the

sets do not quite correspond to each
thus the canine tooth of the upper jaw rests
partly on the canine of the lower jaw and partly on the first premolar, and in the
molar teeth the cusps of the teeth of the upper jaw lie behind the corresponding
teeth of the lower jaw.
The two series, however, terminate pretty nearly at the
same point behind this is mainly due to the smaller size of the molars in the

thrown somewhat
other

when

the

and the two

distally

mouth

is

closed

:

;

upper jaw.

Permanent Teeth
The incisors, or cutting teeth, are so
cutting edge, adapted for biting the food.

named from
They

their presenting a sharp

are eight in number,

and form

the four front teeth in each jaw.
directed vertically, and is chisel-shaped, presenting a sharp
horizontal cutting edge, which, before being subject to attrition, presents three
small prominent points separated by two slight notches. It is convex, smooth,
and highly pohshed on its labial surface concave on its lingual surface, where
The one in the centre,
it is frequently marked by slight longitudinal furrows.

The crown

is

;

being the most prominent,
The neck is constricted.

is

known

as the basal ridge or cingulum.

The fang is long, single, conical, transversely flattened, thicker before than
behind, and shghtly grooved on each side in the longitudinal -direction.
The incisors of the upper jatv are altogether larger and stronger than those
They are directed obliquely downwards and forwards. The
of the lower jaw.

:
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two central ones are larger than the two lateral, and their free edges are sharp
and chisel-like, being bevelled at the expense of their posterior edge the root is
more rounded.
The incisors of the loiver jaw are smaller than the upper the two central
ones are smaller than the two lateral, and are the smallest of all the incisor
:

:

Fig. 554.

— Permanent teeth.

Eight

side.

(Biirchard.)

They are placed vertically in the jaw. These are somewhat bevelled in
where they have been worn down by contact with the overlapping edge of
the upper teeth. The Unguium is absent.
The canine teeth {aisiyidati) are four in number two in the upper, and two
one being placed distally to each lateral incisor. They are larger
in the lower jaw
and stronger than the incisors, especially the root, which sinks deeply into the
jaw, and causes a well-marked prominence upon its surface.
The crown is large and conical, very convex on its labial surface, a little
hollowed and uneven on its lingual surface, and tapering to a blunted point or
cusp, which rises beyond the level of the
teeth.

front,

:

;

Fig. 555.

— Deciduous teeth.

Leftside.

other teeth.

The

root

is

single,

but longer and

thicker than that of the incisors, conical
in form,

by a

compressed laterally, and marked
on each side.

slight groove

The upper canine

teeth (vulgarly called

eye-teeth) are larger

and longer than the

two lower, and situated a

little distally to

them.

The loioer canine teeth are placed
mesially to the upper, so that their summits correspond to the interval between
the upper canine tooth and the neighbouring incisors on each side.
The bicuspid teeth (premolars, small, or false molars) are eight in number
four in each jaw, two being placed distally to each of the canine teeth.
They
are smaller and shorter than the canine.
The croivn is compressed proximo-distally, and surmounted by two pyramidal
eminences, or cusps, separated by a groove hence their name, hicuspidate. The
labial of these cusps is larger and more prominent than the hngual.
The neck is oval.
;

The

root is generally single, compressed,

and presents a deep groove on each

^'
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side,

which indicates a tendency

generally

The

in the root to
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become double.

The apex

is

bifid.

upiier bicuspids are larger,

of their roots

and present a greater tendency to the division
is especially marked in the
second upper

than the lower; this

bicuspid.

The molar teeth {multicusjndaU, true or large molars) are the largest of the
permanent set and are adapted from the great breadth of their crowns for
grinding
and pounding the food. They are twelve in number six in each jaw,

three
being placed distally to the second bicuspids.
The croiv7i is nearly cubical in form, convex on its labial and lingual surfaces,
flattened on its proximal and distal surfaces the upper surface being
surmounted
by four or five tubercles, or cusps (four in the upper, five in the lower
molars),
separated from each other by a crucial depression hence their name,
multicus:

;

;

pidati.

The neck is distinct, large, and rounded.
The root is subdivided into from two to five
aperture at

its

fangs, each of

which presents an

summit.

Fig.

556.— Front and

side views of the teeth

and jaws.

(Cryer.)

The crown of the first molar tooth in the upper jaw has usually four, but
occasionally five cusps the root consists of three fangs, widely separated from
one another, two being labial, the other lingual.
;

The crown

molar tooth in the lower jaw is larger than that of the
and its root consists of two fangs, one being placed
proximally, the other distally they are both compressed from before backwards,
and grooved on their contiguous faces, indicating a tendency to division.
The second molar is a little smaller than the first.
The crown has four cusps in the upper, and five in the lower jaw.
The root has three fangs in the upper jaw, and two in the lower, the characters
of which are similar to the preceding tooth.
The third molar tooth is called the wisdom-tooth {dens sapientia), from its
late appearance through the gum.
Its crown is usually as large and sometimes larger than the second molar,
but smaller than the first. In the upper jaw it is usually furnished with three
cusps, the two lingual ones being blended in the lower jaw there are five cusps
upper

;

it

has

of the first

five cusps,

:

;

as in the other molars.

The root is generally single, short, conical, slightly curved, and grooved so
as to present traces of a subdivision into three fangs in the upper, and two in the
lower jaw.
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Tempoeary Teeth
The temporary or milk teeth are smaller, but resemble in form those of the
permanent set. The hinder of the two temporary molars is the largest of all the
milk teeth, and is succeeded by the second permanent bicuspid. The first upper
molar has only three cusps two labial, one lingual the second upper molar
has four cusps. The first lower molar has four cusps the second lower molar
has five. The fangs of the temporary molar teeth are smaller and more diverging
than those of the permanent set, but in other respects bear a strong resemblance

—

;

;

to

them.

Fig. 557.

—Vertical

section of a tooth in situ

Structure of the Teeth

(15 diameters).

On making
a tooth

(fig.

found in the
is

a vertical section of

557), a cavity will be

This cavity

interior.

situated in the interior of the

crown and the centre of each fang,
and opens by a minute orifice at
The
the extremity of the latter.
shape of the cavity corresponds
somewhat with that of the tooth
it forms what is called the lyidp
;

cavity,

and contains a soft, highly
and sensitive substance.

vascular,

Fig. 558.

—Vertical section of;
molar tooth.

the dental 2nilp. The pulp consists
of a loose connective tissue and
supplied with
it is richly
cells
vessels and nerves, which enter the
;

cavity through the small aperture

the point of each fang. The
pulp are partly found
permeating the pulp matrix, and
partly arranged as a layer on the
at

cells of the

c.

is placed in the pulp cavity, opposite the cervix or neck of
the tooth the part above it is the crown, that below is the
root (fang), i. Enamel with radial and concentric markings. 2. Dentine with tubules and incremental lines.
3.
;

Cement

or crvista petrosa, with bone corpuscles.
5. Bone of lower jaw.

periosteum.

4.

Dental

These
wall of the pulp cavity.
latter cells are named the odontoblasts of

Waldeyer.

These

cells,

during the development of the
tooth, are columnar in shape, but later on, after the dentine is fully formed, they
become flattened and resemble the osteoblasts found in the osteo-genetic layer

periosteum of bone. They have two fine processes, the outer or distal
into a dental tubule, the inner being continuous with the processes
passing
one
of the connective-tissue cells of the pulp matrix.
The soHd portion of the tooth consists of three distinct structures, viz. the
proper dental substance, which forms the larger portion of the tooth, the ivory

of the
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a layer
or dentine
a thin layer, which
;
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which covers the exposed part of the crown, the enamel and
is disposed on the surface of the fang, the cement or crusta
;

petrosa.
ivory, or dentine

The

central part

(fig.

559),

forms the principal mass

the cavity enclosing the pulp.

It is

it differs, however, in structure.
seen to consist of a number of minute

from which

tissue,

tion

is

is

it

of a tooth; in its

a modification of osseous

On

microscopic examina-

wavy and branching

tubes,

having distinct parietes. They are called the dentinal tubuli, and are embedded
in a dense homogeneous substance, the intertuhular tissue.
The dentinal tubuli (fig. 560) are placed parallel with one another, and open at
In their course to the periphery they
their inner ends into the pulp cavity.
present two or three curves, and are twisted on themselves in a spiral direction.
The direction of these tubes
varies

—

they are vertical in the
of the crown, obhque

:

Canine tootli of man, presentFig. 560.
ing a transverse section of a portion of
the root. (Magnified 300 diameters.)

upper portion

—

Fig. 559. Vertical section of a
(Magnified.)
bicuspid tooth.

-=—=—

Cp.ivp.nf,

Croivn

j(

Interglobular
simces

Neck

Dentine

Fang

I
neck and upper part of the
and towards the lower part

in the
root,
of

the

root

they are

inclined

-j
uownwdiub. The tubuli, at their
downwards.
^41 oT. mctim
diameter in their course they divide
ill ph in aiameuei
commencement, are about ^^oo oi an
^pntine a
to the cut surface of the dentine
and subdivide dichotomously, so as to give

ill

striated

appearance.

From

.

-i-

;
,

the sides of ^^^^

extreme minuteness are given

^^P^^^, !"

^^^b,^«'

off,

'^^t^^^

ramifications of
'''^f'^-^^'^ ''^if'''^
small
terminate
in the intertuhular substance, or
f^'^'^^^^l^^^^^^l^
dentine
the
of
periphery
branches are given off. Near the
'fj^^l'^jl^^
by free ends. The ^^^^^^^^^^^^ ^^^^
tions of the tubuli terminate imperceptibly

comparatively^hick walls, consisting
denlnal sheJth of Neumann

of

an

m

elastic

^^-^S^^^^^^

!"Xev Tont^^

-^^l^-^^JlltT^ 7^;t:i^Z^T,

^^:t^^iS^r^r^^. at:S'al
contents of the canalicuh of bone.

The intertuhuUr mbstance
earthy matter of the dentine.

is

^

translucent,

In

fibrL are analogous to the soft

it

are a

•

and contains

number

+u^
of the
th
pai^ o^
eh ef i-.pvf
he „-u;o-f

of fine fibrils,

which
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continuous with the fibrils of the dental pulp (Mummery). After the earthy matter
has been removed by steeping a tooth in weak acid, the animal basis remaining
may be torn into laminae which run parallel with the pulp cavity, across the
A section of dry-dentine often displays a series of somedirection of the tubes.
what parallel lines the incremental lines of Salter. These lines are composed
In consequence of the imof imperfectly calcified dentine arranged in layers.

—

perfection in the calcifying process, little irregular cavities are left, termed interThese spaces are found especially towards the outer surface
globular spaces.

where they form a layer, which is sometimes known as the granular
They have received their name from the fact that they are
surrounded by minute nodules or globules of dentine. Other curved lines may
be seen parallel to the surface. These are the lines of Schreger, and are due to

of the dentine,

layer

(fig.

560).

the optical effect of simultaneous curvature of the dentinal fibres.
Chemical Composition. According to Berzelius and Bibra, dentine consists of
The animal matter is resolvable
28 parts of animal and 72 of earthy matter.
The earthy matter consists of phosphate of lime,
by boiling into gelatin.
carbonate of lime, a trace of fluoride of calcium, phosphate of magnesia, and other

—

salts.

The enamel

is

the hardest

and most compact part

of a tooth,

and forms

a thin

crust over the exposed part of the crown, as far as the commencement of the fang.
It is thickest on the grinding surface of the crown, until worn away by attrition,
and becomes thinner towards the neck. It consists of a congeries of minute

They lie parallel with one another, resting by one
extremity upon the dentine, which presents a number of minute depressions for
and forming the free surface of the crown by the other extremity.
their reception
The columns are directed vertically on the summit of the crown, horizontally at
the sides they are about the 5 aijo of an inch in diameter, and pursue a more or
Each column is a six-sided prism and presents numerous
less wavy course.
dark transverse shadings these shadings are probably due to the manner in
which the columns are developed in successive stages, producing shallow conAnother series of lines, having a
strictions, as will be explained in the sequel.
brown appearance, and denominated the parallel strice of Betzius, are seen on a
section of the enamel. According to Ebner, they are produced by air in the interhexagonal rods or columns.
;

;

;

prismatic spaces.

Numerous minute interstices intervene between the enamel fibres near their
dentinal surface, a provision calculated to allow of the permeation of fluids from
the dentinal tubule into the substance of the enamel. It is a disputed point
whether the dentinal fibres penetrate a certain distance between the rods of the
enamel or not. No nutritive canals exist in the enamel.

—

According to Bibra, enamel consists of 96-5 per cent.
and 3*5 per cent, of animal matter. The earthy matter consists of phosphate of lime, with traces of fluoride of calcium, carbonate of lime,
phosphate of magnesia, and other salts.
The cortical substance, or cement {crusta petrosa), is disposed as a thin layer
on the roots of the teeth, from the termination of the enamel, as far as the apex
In structure and chemical composiof the fang, where it is usually very thick.
It contains, sparingly, the lacunae and canaliculi which
tion it resembles bone.
characterise true bone the lacunae placed near the surface have the canaliculi
and
radiating from the side of the lacunae towards the periodontal membrane
those more deeply placed join with the adjacent dental tubuli. In the thicker
portions of the crusta petrosa, the lamellae and Haversian canals peculiar to bone
Chemical Composition.

of earthy matter,

;

;

are also found.

As age advances, the cement increases in thickness, and gives rise to those bony
growths, or exostoses, so common in the teeth of the aged the pulp cavity becomes also
partially filled up by a hard substance, intermediate in structure between dentine and
bone {osteo- dentine, Owen; secondary dentine. Tomes). It appears to be formed by a
slow conversion of the dental pulp, which shrinks, or even disappears.
;

;
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Development of the Teeth
of

In describing the development of the teeth, we have first to consider the mode
formation of the temporary or milk teeth, and then that of the permanent

series.

Development of the temporary teeth.— The development of these teeth begins
very early period of fostal hfe about the sixth week. It commences as a
thickening of the epithehum along the hne of the futm-e jaw
the thickening
being due to a rapid multiplication of the more deeply situated epithelial cells.
As these cells multiply they extend into the subjacent mesoblast, and thus form
a semicircular ridge or strand of cells, enclosed by mesoblast.
About the seventh
week a longitudinal splitting or cleavage of this strand of cells takes place, and
it becomes divided into two strands;
the separation beginning in front and
extending laterally
the process occupying four or five weeks. Of the two
strands thus formed, the outer or labial forms the future labio-dental fmTow, and
is therefore termed the labio-dental strand
whilst the other, the ijiner or lingtcal,
is the ridge of cells in connection with which the teeth, both temporary and
permanent, are developed. Hence it is known as the dental lamina or common
dental germ.
It forms a flat band of cells, which grow into the substance of the
embryonic jaw, at first horizontally inwards, and then, as the teeth develop,
vertically, i.e. upwards in the upper jaw, and downwards in the lower jaw.
Whilst still maintaining a horizontal direction, it has two edges the one, the
attached edge, which is continuous with the epithelium lining the mouth
the
other, the/ree edge, projecting inwards, and embedded in the mesoblastic tissue
Along its line of attachment to the buccal epithelium is
of the embryonic jaw.

—

at a

;

:

:

:

;

a shallow groove, the dental furroiv.
About the ninth week this dental lamina begins to develop

enlargements
along its free border. These are ten in number in each jaw, and each one
corresponds to a future milk tooth. They consist of masses of epithelial cells
and the cells of the lower part—that is, the part farthest from the margin of the
jaw increase rapidly and spread out in all directions. Each mass thus comes
to assume a flask shape, connected by a narrow neck, embraced by mesoblast,
with the general epithelial lining of the mouth. They are now known as sjDccial
After a time the lower expanded portion, the body of the flask,
dental germs.
inclines outwards, so as to form an angle with the superficial constricted portion,
which is sometimes known as the neck of the special dental germ. About the
tenth week the mesoblastic tissue beneath these special dental germs becomes
these grow upwards, and come in contact with the
differentiated into papillae
epithehal cells of the special dental germs, which become folded over them hke

—

;

We

have, then, at this stage a papilla or papillae, which have
a hood or cap.
already begun to assume somewhat the shape of the crown of the future tooth,
and from which the dentine and pulp of the milk teeth are formed, surmounted
by a dome or cap of epithehal cells, from which the enamel is derived.
In the meantime, while these changes have been going on, the dental lamina
has been extending backwards behind the special dental germ corresponding to
the second molar tooth of the temporary set, and at about the seventeenth week
dental germ for the first permanent
it presents an enlargement, the special
molar, soon fohowed by the formation of a papilla in the mesoblastic tissue for
This is followed by a further extension backwards of the dental
the same tooth.
lamina; the formation of another enlargement and its corresponding papilla
about the sixth month after birth for the second molar. And finally the process
the fifth year of hfe.
is repeated for the third molar, its papilla appearing about
After the formation of the special dental germs, the dental lamina undergoes
atrophic changes and becomes cribriform, except behind and lateral to each of
the special germs of the temporary teeth, where it undergoes a local thickening,
forming the special dental germ of each of the successional permanent teeth—
Here the same process goes on as was
i.e. the ten anterior ones in each jaw.

3O
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described in connection with those of ihe milk teeth
that is, they recede into
the substance of the gum behind the germs of the temporary teeth. As they
recede they become flask-shaped, form an expansion at their distal extremity,
and finally meet a papilla, which has been formed in the mesoblast, just in the
same manner as was the case in the temporary teeth. The apex of the papilla
indentates the dental germ, which encloses it, and forming a cap for it, becomes
converted into the enamel, whilst the papilla forms the dentine and pulp of the
;

tooth.
The special dental germs consist at first of rounded or polyhedral epithelial cells after the formation of the papillae, these cells undergo a
difi"erentiation into three classes.
Those which are in immediate contact with
the papilla become elongated, and form a layer of well-marked and regular
columnar epithelium coating the papilla. They are the cells which form the
enamel fibres, and are therefore termed enamel-cells or adamantohlasts. The
outer layer of cells of the special dental germ, which are in contact with the
inner surface of the dentinal sac, presently to be described, are much shorter,
cubical in form, and are named the external enamel epithelium. All the intermediate round cells of the dental germ between these two layers undergo a
peculiar change.
They become stellate in shape and develop processes, which

permanent

;

Fig. 561.

—Vertical section of the inferior maxilla of an early human

fcetus.

(Magnified 25 diameters.)
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unite to form a network into w^hich fluid is secreted, which has the appearance
of a jelly, and to which the name of enamel pulp is given.
This transformed

germ is now known under the name of enamel organ.
While these changes have been going on, a sac is formed around each enamel
organ from the mesoblastic tissue around. This is known as the dentinal sac,
and is a vascular membrane of connective tissue. It grows up from below, and
thus encloses the whole tooth germ as it grows it causes the neck of the enamel
organ to atrophy and disappear so that all communication between the enamel
organ and the superficial epithelium is cut off. We have now vascular papillae
surmounted by inverted caps or capsules of epithelial cells, the whole being
surrounded by membranous sacs. The cap or capsule consists of an internal
layer of cells the enamel cells or adamantohlasts in contact with the papilla
of an external layer of cells—the external enamel epithelium
lining the interior
of the dentinal sac
and of an intermediate mass of stellate cells, with anastomosing process the enamel pulp (fig. 562).
Forjnation of the enamel.
The enamel is formed exclusively from the enamel
cells or adamantohlasts of the original special dental germ, either by direct
calcification of the columnar cell, which becomes elongated into the hexagonal
special dental

;

;

—

—

;

—

—

—

;

;
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or, as is believed by some, as a secretion from the adamantowithin which calcareous matter is subsequently deposited.
The process begins at the apex of each cusp, at the end of the enamel cells,
contact with the dental papilla. Here a fine globular deposit takes place',
being apparently shed from the end of the adamantoblasts. It is known by the
name of enamel droplet, and resembles keratin in its resistance to the action of
mineral acids. This droplet then calcifies and forms the first layer of the
enamel a second droplet now appears and calcifies, and so on, successive droplets
of keratin-hke material are shed from the adamantoblasts and form successive
layers of enamel, the adamantoblast gradually receding as each layer is produced,
imtil they have almost disappeared at the termination of the process.
The intermediate cells of the enamel pulp atrophy and disappear, so that the newly
formed calcified material and the external enamel epithelium come into apposition. 'This latter layer, however, soon disappears on the emergence of the
tooth beyond the gum.
After its disappearance the crown of the tooth is still
covered by a distinct membrane, which
remains persistent for some time. This is Fig. 562. Dental sac of a human
embryo at an advanced stage of deknown as the cuticular dentis, or Nasmyth's
velopment. Partly diagrammatic.
membrane, and is believed to be the last
formed layer of enamel derived from the
adamantohlast, which has not become calcified.
It forms a horny layer, which may
be separated from the calcified mass below
by the action of strong acids. It is marked
by the hexagonal impressions of the enamel
;

blasts,

m

;

—

and when stained by nitrate of
shows the characteristic appearance

prisms,
sUver,
of

epithelium.

—

Formation of the dentine. While these
changes are taking place in the epithelium
to
form the enamel, contemporaneous
changes are occurring in the differentiated
mesoblast of the dental papilla which result
in the formation of the dentine.
As before
stated, the first

in the

germ of the dentine

formation of

number

papillae,

consists

corresponding

from the soft mesowhich bounds the depressions
containing the special enamel germ.
The
papillae grow upwards into the enamel
germ and become covered by it, both
in

to the teeth,

blastic tissue

Wall of tbe sac, formed of connective tissue, with
outer stratum a^ aud its inner a", i. Enamel
organ with its papillary and parietal layer of cells,
c, d. The enamel-membrane and enamel-prisms.
e. Dentine cells.
/. Dental germ and capillaries.
its

(/, i.

Transition of the wall of the

follicle into

the

tissue of the dental germ.

being enclosed in a vascular connective tissue, the dentinal sac, in the manner
above described. Each papilla then constitutes the formative pulp from which
the dentine and permanent pulp are developed ; it consists of rounded cells, and

very vascular, and soon begins to assume the shape of the tooth which is to
be developed from it.
The next step is the development of the odontoblasts,
which have a relation to the development of the teeth similar to that of the
They are formed first from the cells of the
osteoblasts in the formation of bone.

is

—

periphery of the papilla that is to say,. from the cells in immediate contact with
These cells become elongated
the adamantoblasts of the special dental germ.
one end of the elongated cell resting against the epithehum of the special dental
germs, the other being tapering and often branched. By the direct transformation of the peripheral end of these cells, or by a secretion from it, a layer of uncalcified matrix is formed which caps the cusp or cusps, if there are more than
one, of the papillae.
In this matrix islets of calcification make their appearance,
and coalescing form a continuous layer of calcified material, which, capping each
The odontoblasts having thus formed the
cusp, forms the first layer of dentine.

302
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towards the centre of the papilla, and as they do so form
successive layers of dentine from their peripheral extremities that is to say,
they form the dentinal matrix in which calcification subsequently takes place.
first layer, retire

—

As they thus retire from the periphery of the papilla, they leave behind them
filamentous processes of cell protoplasm, provided with finer side processes these
are surrounded on aU sides by calcified material, and thus form the dentinal
tubules, and, by their side branches, tlie anastomosing tubules, whereby the
dentinal tubules communicate the processes of protoplasm contained within
them, forming the dentinal fibres (Tomes' fibres) which, as mentioned above, are
found within the tubules. In this way the entire thickness of the dentine is
formed, each tubule being completed throughout its whole length by a single
odontoblast.
The central part of the papilla does not undergo calcification its
cells proliferate, nerve fibres are developed in it, and it remains persistent as the
pulp of the tooth. In this process of formation of dentine it has been shown
that an uncalcified matrix is first formed, and that in this islets of calcification
appear, which subsequently blend together to form a cap to each cusp in like
manner a succession of layers become formed, which become ultimately blended
with each other. In certain places this blending is not complete, portions of the
matrix remaining uncalcified between the successive layers this gives rise, in
the macerated tooth, to little spaces, which are the interglobular spaces alluded
;

:

;

:

;

to above.

—

The root of the tooth begins to be formed shortly
crown emerges through the gum, but is not completed until some
time afterwards. It is formed by a downward growth of the epithelium of the
dental germ, which extends almost as far as the situation of the apex of the
This fold of
future fang, and determines the form of this portion of the tooth.
epitlielium is known as the ejnthelial sheath, and on its papillary surface odontoblasts are formed, which in turn form dentine, so that the dentine formation is
After the dentine of the root has
identical in the crown and root of the tooth.
Forviation of the cement.

before the

been formed, the vascular tissues of the dental sac begin to break through the
epithelial sheath, and spread over the surface of the fang as a layer of boneforming material. In this osteoblasts form, and the process of ossification goes
on identical^ in the same manner as in the ordinary intra-membranous ossificaIn this way the cement is formed, and is simply ordinary bone,
tion of bone.
containing canaliculi and lacunse.

—

Formation of the alveoli. About the fourteenth week of embryonic life the
dental lamina becomes enclosed in a trough or groove of mesoblastic tissue, which
at first is common to all the dental germs, but subsequently becomes divided,

by bony septa, into loculi, each loculus containing the special dental germ of a
temporary tooth and its corresponding permanent tooth. After birth each cavity
becomes subdivided, so as to form separate loculi (the future alveoli) for the milk
tooth and its corresponding permanent tooth. Although at one time the whole
of the growing tooth is contained in the cavity of the alveolus, which closely
invests it, it never completely encloses it, but there is always an aperture over
the top of the crown filled by soft tissue, by which the dental sac is connected
with the surface of the gum, and which in the permanent teeth is called the
gubernacuhim dentis.
Development of the permanent teeth. The permanent teeth as regards their
development may be divided into two sets (i) those which replace the temporary
teeth, and which, like them, are ten in number
these are the successional
])ermanent teeth and (2) those which have no temporary predecessors, but are
superadded at the back of the dental series. These are three in number on
either side in each jaw, and are termed sujjeradded permanent teeth.
They are
the three molars of the permanent set, the molars of the temporary set being
replaced by the premolars or bicuspids of the permanent set. The development
of the successional permanent teeth
the ten anterior ones in either jaw will
first be considered.
As already stated, the original dental lamina, after the

—
:

;

;

—

—

:
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germs of the temporary teeth, undergoes atrophic
changes, except at one spot behind and lateral to each of the special germs of
the milk teeth here a local thickening takes place, and forms the special dental
germ of each successional permanent tooth. In this, identically the same changes
go on as took place in the special germs of the temporary teeth they elongate
and recede into the gum behind the germs of the milk tooth a papilla springs
up from the mesoblastic tissue to meet them, and the two become enclosed in a
dental sac the formation of the dentine and enamel goes on in the same way as
formation of the special dental

;

:

;

;

During their development the permanent teeth, enclosed
behind and at a lower level than the temporary
teeth, that is to say, at a further distance from the margin of the fviture gum, and,
as already stated, are separated from it by a bony partition.
As the crown of the
permanent tooth grows, absorption of this bony partition and of the fang of the
temporary tooth takes place, through the agency of osteoblasts; which appear at
this time, and finally nothing but the crown of the temporary tooth remains.
This is shed or removed, and the permanent tooth takes its place.
The superadded permanent teeth are developed in the manner already described, by extensions backward of the back part of the dental lamina of the
immediately preceding tooth. About the seventeenth week, that portion of the
common dental germ of the last temporary tooth which lies behind the tooth,
and which has remained unaltered, is prolonged backwards, and forms the special
dental germ of the first permanent molar, and into this a papilla projects. In a
similar manner about the fourth month after birth, a further extension backwards
having taken place, a second enlargement occurs, into which a papilla projects
about the sixth month, and thus the rudiment of the second molar is formed.
in the

temporary

in their sacs,

teeth.

come

to be placed

Finally a third enlargement takes place, posterior to the other two, for the third
molar, and its papilla becomes visible about the fifth year.
Eruption. When the calcification of the different tissues of the tooth is
sufficiently advanced to enable it to bear the pressure to which it will be afterwards subjected, its eruption takes place the tooth making its way through the
gum. The gum is absorbed by the pressure of the crown of the tooth against
At the same
it, which is itself pressed up by the increasing size of the fang.

—

;

time the septa between the dental sacs, at first fibrous in structure, ossify, and
these firmly embrace the necks of the teeth, and afford
them a solid basis of support.
The eruption of the temporary teeth commences at the seventh month, and
is complete about the end of the second year, those of the lower jaw preceding
the upper.
The following, according to C. S. Tomes, is the most usual time of eruption
constitute the alveoli

Lower
Upper
Lower

;

.....
......
.....

9 months.
8 to 10 months.

6 to

central incisors
incisors

lateral incisors

and

first

15 to 21 months.
16 to 20 months.

molars

Canines
Second molars

20 to 24 months.

Calcification of the permanent teeth proceeds in the following order in the
lower jaw in the upper jaw it takes place a little later :— First molar, soon after
birth; the central incisor, lateral incisor, and canine, about six months after
second molar, end of
birth
the bicuspids, at the second year, or a little later
second year third molar, about the twelfth year.
The eruption of the permanent teeth takes place at the following periods, the
;

;

;

;

teeth of the lower

jaw preceding those

6 years, first molars.

7th year, two middle incisors.

8th year, two lateral incisors.
9th year, first bicuspid.

of the

upper by a short interval
loth year, second bicuspid.
nth to 12th year, canine.
12th to 13th year, second molars.
17th to 25th year, wisdom-teeth.
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The Palate
The palate forms the roof of the mouth it consists of two portions, the hard
palate in front, the soft palate behind.
The hard palate is bounded in front and at the sides by the alveolar arches
:

and gums behind, it is continuous with the soft palate. It is covered by a dense
structure formed by the periosteum and mucous membrane of the mouth, which
Along the middle line is a linear ridge or
are intimately adherent together.
raph6, which terminates anteriorly in a small papilla, corresponding with the
;

opening of the anterior palatine fossa. This papilla receives filaments
On either side and in
from the naso-palatine and anterior palatine nerves.
front of the raph6 the mucous membrane is thick, pale in colour, and corrubehind, it is thin, smooth, and of a deeper colour it is covered with
gated
squamous epithelium, and furnished with numerous glands (palatal glands),
which lie between the mucous membrane and the surface of the bone.
The soft palate {velum pendulum palati) is a movable fold, suspended from
the posterior border of the hard palate, and forming an incomplete septum
between the mouth and pharynx. It consists of a fold of mucous membrane,
enclosing muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and
mucous glands. When occupying its usual position (i.e. relaxed and pendent),
its anterior surface is concave, continuous with the roof of the mouth, and marked
by a medium ridge or raph6, which indicates its original separation into two
Its posterior surface is convex, and continuous with the mucous
lateral halves.
membrane covering the floor of the posterior nares. Its upper border is attached
to the posterior margin of the hard palate, and its sides are blended with the
pharynx. Its lower border is free.
Hanging from the middle of its lower border is a small, conical-shaped,
pendulous process, the uvula and arching outwards and downwards from the
base of the uvula on each side are two curved folds of mucous membrane, containing muscular fibres, called the arches or pillaos of the soft palate.
The anterior pillars run downwards, outwards, and forwards to the sides of
the base of the tongue, and are formed by the projection of the Palato-glossi
muscles, covered by mucous membrane.
The posterior pillars are nearer to each other, and larger than the anterior;
they run downwards, outwards, and backwards to the sides of the pharynx, and
are formed by the projection of the Palato-pharyngei muscles, covered by mucous
membrane. The anterior and posterior pillars are separated below by a triangular interval, in which the tonsil is lodged.
The space left between the arches of the palate on the two sides is called the
isthmus of the fauces. It is bounded, above, by the free margin of the soft palate
below, by the back of the tongue and on each side, by the pillars of the soft
palate and the tonsil.
The mucous membrane of the soft palate is thin, and covered with squamous
epithelium on both surfaces, excepting near the orifice of the Eustachian tube,
where it is columnar and ciliated.* Beneath the mucous membrane on the oral

inferior

:

;

;

;

;

The palatine
is a considerable amount of adenoid tissue.
glands form a continuous layer on its posterior surface and round the uvula.
The aponeurosis of the soft palate is a thin but firm fibrous layer attached above
to the posterior border of the hard palate, and becoming thinner towards the free
margin of the velum. Laterally, it is continuous with the pharyngeal aponeurosis.
It forms the framework of the soft palate, and is joined by the tendon of the
Tensor palati muscle.

surface of the soft palate

* According to Klein, the mucous membrane on the nasal surface of the soft palate is
in the foetus covered tlirougliotit by cohimnar ciliated epithelium, and some anatomists
state that it is covered with columnar ciliated epithelium, except at its free margin,

throixghout

life.
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The muscles of the soft palate are five on each side the Levator palati,
Tensor palati, Azygos uvulae, Palato-glossus, andPalato-pharyngeus (see page42o).
:

The following is the relative position of these structures in a dissection of the soft
Immediately
palate from the posterior or nasal to the anterior or oral surface.
beneath the nasal mucous membrane is a thin stratum of muscular fibres, the
posterior fasciculus of the Palato-pharyngeus muscle, joining with its fellow of
the opposite side in the middle line. Beneath this is the Azygos uvulae, consisting
of

two rounded fleshy fasciculi, placed side by side in the median line of the soft
Next comes the aponeurosis of the Levator palati joining with the muscle

palate.

middle line. Fourthly, the anterior fasciculus of the
Palato-pharyngeus, thicker than the posterior, and separating the Levator palati
This muscle terminates in a tendon
from the next muscle, the Tensor palati.
which, after vnnding round the hamular process, expands into a broad aponeurosis
in the soft palate, anterior to the other muscles which have been enumerated.
Finally w^e have a thin muscular stratum, the Palato-glossus muscle, placed in
front of the aponetirosis of the Tensor palati, and separated from the oral mucous
membrane by adenoid tissue.
The tonsils [amygdalce) are two prominent bodies situated one on each side of
They
the fauces, between the anterior and posterior pillars of the soft palate.
are of a rounded form, and vary considerably in size in different individuals.
Externally the tonsil is in relation with the inner surface of the Superior constrictor, which separates it from the internal carotid and ascending pharyngeal
Its inner surface presents
arteries.
It corresponds to the angle of the lower jaw.
of the opposite side in the

from twelve to fifteen orifices, leading into small recesses, from which numerous
These follicles are lined by
follicles branch out into the substance of the gland.
a continuation of the mucous membrane of the pharynx, covered with epithelium
around each follicle is a layer of closed capsules embedded in the submucous tissue.
These capsules are analogous to those of Peyer's glands, consisting of adenoid
tissue.
No openings from the capsules into the follicles can be recognised. They
Surrounding each follicle is a close plexus of
contain a thick greyish secretion.
lymphatic vessels. From these plexuses the lymphatic vessels pass to the deep
cervical glands in the upper part of the neck, which frequently become enlarged
;

in affections of these organs.

The arteries supplying the tonsil are the dorsahs lingua from the lingual, the
ascending palatine and tonsillar from the facial, the ascending pharyngeal^ from
the external carotid, the descending palatine branch of the internal maxillary,
and a twig from the small meningeal.
The veins terminate in the tonsillar plexus, on the outer side of the tonsil.
The nerves are derived from Meckel's ganghon, and from the glossopharyngeal.

The Salivaey Glands

(fig.

563)

principal salivary glands communicating with the mouth, and pouring
their secretion into its cavity, are the parotid, submaxillary, and sublingual.
The parotid gland, so called from being placed near the ear {irapd, near ov^,
from
^t6^, the ear), is the largest of the three salivary glands, varying in weight

The

;

an ounce

and

in front of the external ear.

to

an ounce.

hes upon the side of the face, immediately below
by
It is hmited above by the zygoma; below,
hne drawn between it and the mastoid process

half

It

the angle of the jaw, and by a

;

extends to a variable extent over the Masseter muscle posteriorly
and the Sterno-mastoid
it is bounded by the external meatus, the mastoid process,
and Digastric muscles, shghtly overlapping the latter.
margin of the ramus
Its anterior surface is grooved to embrace the posterior
between the two
ramus,
the
beneath
forwards
of the lower jaw, and advances
muscle, its
Masseter
Pterygoid muscles and in front of the ramus over the
fascia,
parotid
and
integument
the
outer surface, shghtly lobulated, is covered by

anteriorly,

it

;
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and has one or two lymphatic glands resting on it. Its inne7' surface extends
deeply into the neck, by means of two large processes, one of which dips behind
the styloid process, and projects beneath the mastoid process and the Sternomastoid muscle the other is situated in front of the styloid process, and passes
into the back part of the glenoid fossa, behind the articulation of the lower jaw.
The structures passing through the parotid gland are, the external carotid artery,
giving off its three terminal branches the posterior auricular artery emerges
from the gland behind the temporal artery above the transverse facial, a branch
of the temporal, in front
and the internal maxillary winds through it as it passes
inwards, behind the neck of the jaw.
Superficial to the external carotid is the
trunk formed by the union of the temporal and internal maxillary veins a branch,
connecting this trunk with the internal jugular, also passes through the gland.
It is also traversed by the facial nerve and its branches, which emerge at its
;

:

;

;

;

:

anterior border

;

branches of the great auricular nerve pierce the gland to join

Fig. 563.- -The salivary glands.

•

facial, and the auriculo-temporal branch of the inferior maxillary nerve emerges
from the upper part of the gland. The internal carotid artery and internal
jugular vein lie close to its deep surface.
The duct of the parotid gland {Stenson's) is about two inches and a half in
length. It commences by numerous branches from the anterior part of the gland,
crosses the Masseter muscle, and at its anterior border dips down into the
substance of the Buccinator muscle, which it pierces it then runs for a short
distance obliquely forwards between the Buccinator and mucous membrane of
the mouth, and opens upon the inner surface of tht cheek by a small orifice,
opposite the second molar tooth of the upper jaw. While crossing the Masseter,
it receives the duct of a small detached portion of the gland, socia paroticlis,
which occasionally exists as a separate lobe, just beneath the zygomatic arch.
In this position it has the transverse facial artery above it and some branches of
the facial nerve below it.

the

;
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—

Structure.
The parotid duct is dense, of considerable thickness, and its canal
about the size of a crow-quill it consists of an external or fibrous coat, of considerable density, containing contractile fibres, and of an internal or mucous coat
lined with short columnar epithelium.
;

—

Surface Form. The direction of the duct corresponds to a line drawn across the face
about a finger's breadth below the zygoma, that is, from the lower margin of the concha
to midway between the free margin of the upper lip and the ala of the nose.

—

Vessels and Nerves.
The arteries supplying the parotid gland are derived
from the external carotid, and from the branches given off by that vessel in or
near its substance. The veins empty themselves into the external jugular, through

some

of its tributaries.

The lymphatics terminate

cervical glands, passing in their course through

in the superficial and deep
two or three lymphatic glands,

placed on the surface and in the substance of the parotid.
The nerves are
derived from the plexus of the sympathetic on the external carotid artery, the
facial, the auriculo-temporal, and great auricular nerves.
It is probable that the branch from the auriculo-temporal nerve is derived
from the glosso-pharyngeal through the otic ganglion (see page 794). At all
events in some of the lower animals this has been proved experimentally to be

the case.

The submaxillary gland is situated below the jaw, in the anterior part of the
submaxillary triangle of the neck. It is irregular in form, and weighs about two
drachms. It is covered by the integument, Platysma, deep cervical fascia, and
the body of the lower jaw, corresponding to a depression on the inner surface
of that bone
and lies upon the Mylo-hyoid, Hyo-glossus, and Stylo-glossus
muscles, a portion of the gland passing beneath the posterior border of the Mylohyoid.
In front of it is the anterior belly of the Digastric behind it is separated
from the parotid gland by the stylo-maxillary ligament, and from the sublingual
gland in front by the Mylo-hyoid muscle. The facial artery lies embedded in a
groove in its posterior and upper border.
The duct of the submaxillary gland {Wliarton s) is about two inches in length,
and its walls are much thinner than those of the parotid duct. It commences by
numerous branches from the deep portion of the gland which lies on the upper
surface of the Mylo-hyoid muscle, and passes forwards and inwards between the
Mylo-hyoid and the Hyo-glossus and Genio-hyo-glossus muscles, then between the
;

;

sublingual gland and the Genio-hyo-glossus, and opens by a narrow orifice on the
summit of a small papilla, at the side of the frgenum linguae. On the Hyo-glossus
muscle it lies between the lingual and hypoglossal nerves, but at the anterior border
of the muscle it crosses under the lingual nerve, and is then placed above it.
Vessels and Nerves.
The arteries supplying the submaxillary gland are

—

and Hngual. Its veins follow the course of the arteries.
The nerves are derived from the submaxillary ganglion, through which it receives
filaments from the chorda tympani of the facial and lingual branch of the inferior
maxillary, sometimes from the mylo-hyoid branch of the inferior dental, and from
branches

of the facial

the sympathetic.

The sublingual gland is the smallest of the salivary glands.
beneath the mucous membrane of the floor of the mouth, at the side

It is situated

fraenum
with the inner surface of the lower jaw, close to the symphysis.
It is narrow, flattened, in shape somewhat like an almond, and weighs about a
drachm. It is in relation, above, with the mucous membrane; heloio, with the
Mylo-hyoid muscle in front, with the depression on the side of the symphysis of
behind, with the deep part
the lower jaw, and with its fellow of the opposite side
from which
Genio-hyo-glossus,
the
with
internally,
and
of the submaxillary gland
Its excretory ducts
it is separated by the lingual nerve and Wharton's duct.
the
{ducts of Bivini), from eight to twenty in number, open separately into
mouth, on the elevated crest of mucous membrane, caused by the projection
of the

linguffi,in contact

;

;

;

of

the gland, on

either

side of

the

franum

lingua.

One

or

more

join to
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form a tube, which opens into the Whartonian duct
Bartholin.

;

this is called the duct of

—

The sublingual gland is supplied with blood from the
Vessels and Nerves.
sublingual and sul^mental arteries. Its nerves are derived from the lingual.
The salivary are compound racemose glands,
Structure of Salivary Glands.
consisting of numerous lobes, which are made up of smaller lobules, connected
together by dense areolar tissue, vessels, and ducts. Each lobule consists of
the ramifications of a single duct, branching frequently in a tree-like manner,'

—
'

the branches terminating in dilated ends or alveoli on which the capillaries are
These alveoli, however, as Pfluger points out, are not necessarily
distributed.
spherical, though sometimes they assume that form sometimes they are perfectly
cylindrical, and very often they are mutually compressed. The alveoli are enclosed
by a basement membrane, which is continuous with the membrana propria of the
;

It presents a peculiar reticulated structure, having the appearance of a
basket with open meshes, and consisting of a network of branched and flattened
nucleated cells.
The alveoli of the salivary glands are of two kinds, which differ both in the
appearance of their secreting cells, in their size, and in the nature of their secreThe one variety secretes a ropy fluid, which contains mucin, and has
tion.
whilst the other secretes a thinner and
therefore been named the mucous

duct.

;

Fig. 564.

—A highly magnified section of the submaxillary gland of the dog, stained
with carmine.

(Kolliker.)

Ciescent of G-ianuezi

AlveoJvs

^

more watery

Salivary duct

which contains serum-albumin, and has been named serous
The sublingual gland may be regarded as an example of the
former variety the parotid of the latter. The submaxillary is of the mixed
variety, containing both mucous and serous alveoli, the latter, however, prefluid,

or albuminous.

:

ponderating.

Both alveoli are lined by cells, and it is by the character of these cells that the
nature of the gland is chiefly to be determined. In addition, however, the alveoU
of the serous glands are smaller than those of the mucous ones.
The cells in the mucous alveoli are spheroidal in shape, glassy, transparent,
and dimly striated in appearance. The nucleus is usually situated in the part of
the cell which is next the basement membrane, against which it is sometimes
flattened.
The most remarkable peculiarity presented by these cells is, that they
give off an extremely fine process, which is curved in a direction parallel to the
surface of the alveolus, lies in contact with the membrana propria, and overlaps
the processes of neighbouring cells. The cells contain a quantity of mucin, to
which their clear, transparent appearance is due.
Here and there in the alveoli are seen peculiar half-moon-shaped bodies, lying
between the cells and the membrana propria of the alveolus. They are termed
the crescents of Gianuzzi, or the demihines of Heidenhain (fig. 564), and are regarded by Pfliiger as due to post-mortem change, but by most other later observers

)
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they are believed to be composed of polyhedral granular cells, which Heidenhain
regards as young epithelial cells destined to supply the place of those salivary
This view, however, is not accepted
cells which have undergone disintegration.

by Klein.

—

Serous alveoli. In the serous alveoli the cells almost completely fill the cavity,
is hardly any lumen perceptible.
Instead of presenting the clear
transparent appearance of the cells of the mucous alveoli, they present a granular
appearance, due to distinct granules, of an albuminous nature, embedded in a
The ducts which originate out of the alveoli are
closely reticulated protoplasm.
lined at their commencement by epithelium vrhich differs little from the pavement type. As the ducts enlarge, the epithelial cells change to the columnar
type, and they are described by Pflliger as attached to the basement membrane
by a brush of fine hair-like processes, which he believes to be continuous with
Other anatomists regard these cells as merely striated on their
the nerve-fibres.
deep surface. The lobules of the salivary glands are richly supplied with bloodso that there

which form a dense network in the interalveolar spaces. Fine plexuses
nerves are also found in the interlobular tissue. Pflliger describes the nerves
as being directly continuous with the salivary cells of the alveolus, the nerve
sometimes passing through a ganglion-cell just before joining the alveolus (fig.
This fact has not, however, been corroborated by other observers.
565 A and b).

vessels
of

Fig. 565.

— Illustrating Pfliiger's views of the termination of the nerves in the
alveolar cells.

A. Direct passage of nerve iuto a salivary

cell.

(From

Strieker's

B.

By

the

'

Handbook.'

medium

of a multipolar gangiion-oeU, g.

salivary glands in conis no doubt that gangha are to be found in some
to be
nection with the nerve-plexuses in the interlobular tissue thus they are
ultimate
the
whether
but
parotid
the
found in the submaxillary, but not in
by Pflliger, remains to
fibrils are connected with the sahvary cells, as asserted

There

;

;

be proved.
loosely
In the submaxillary and sublingual glands the lobes are larger and more
united than in the parotid.
glands
Mucous Glands.—Besides the salivary glands proper, numerous other
keep
to
serves
which
only,
mucus
secrete
They appear to
are found in the mouth.

mixed

mouth moist during the intervals of the salivary secretion, and which is
are found at the
with that secretion in swallowing. Many of these glands
papillae, and
circumvallate
the
behind
tongue,
posterior part of the dorsum of the
the
and
around
he
Others
apex.*
the
as
forward
far
also along its margins as
glands
These
palate.
soft
a large number in the

the

m

tonsil

between

its

crypts,

are of the ordinary

and

compound racemose

type.

of these glands open into the
has recently been shown by Ebner that many
their secretion is more ^^tmy than
that
and
papillae,
circumvallate
trenches around the
He supposes that they assist "? ,*^^«^3 ^^fP/^^
that of ordinary mucous glands.
f^ of the
region where the special apparatus
distribution of the substance to be tasted over the
*

It

sense of taste

is

situated.
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Surface Form. The orifice of the mouth is bounded by the lips two thick, fleshj' folds
covered externally by integument and internally by mucous membrane, and consisting of
muscles, vessels, nerves, areolar tissue, and numerous small glands. The size of the
orifice of the mouth varies considerably in different individuals, but seems to bear a close
Its corners correspond pretty accurately
relation to the size and prominence of the teeth.
In the Mongolian tribes, where the front teeth
to the outer border of the canine teeth.
are large and inclined forward, the mouth is large and this, combined with the thick
and everted lips, which appear to be associated with prominent teeth, gives to the Negro's
The smaller teeth, and the
face much of the peculiarity by which it is characterised.
slighter prominence of the alveolar arch of the more highly civilised races, render the
orifice of the mouth much smaller, and thus a small mouth is an indication of intelligence,
and is regarded as an evidence of the higher civilisation of the individual.
Upon looking into the mouth, the first thing we may note is the tongue, the upper
surface of which will be seen occupying the floor of the cavity. This surface is convex,
and is marked along the middle line by a raphe, which divides it into two symmetrical
The anterior two -thirds is rough and studded with pai^illse the posterior third
portions.
smooth and tuberculated, covered by numerous glands which project from the surface.
Upon raising the tongue, the mucous membrane which invests the upper surface may be
traced covering the sides of the under sm-face and then reflected over the floor of the mouth
on to the inner surface of the lower jaw, a part of which it covers. As it passes over
the borders of the tongue it changes its character, becoming thin and smooth, and losing
the papillae which are to be seen on the upper surface. In the middle line the mucous
membrane on the under surface of the tip of the tongue forms a distinct fold, the frcenum
linguce, by which this organ is connected to the symphysis of the jaw.
Occasionally it is
found that this frsenum is rather shorter than natural, and, acting as a bridle, prevents the
complete protrusion of the tongue. When this condition exists and an attempt is made to
protrude the organ, the tip will be seen to remain buried in the floor of the mouth, and
the dorsum of the tongue is rendered very convex, and more or less extruded from the
mouth at the same time a deep fiu-row will be noticed to appear in the middle line of
the anterior part of the dorsum. Sometimes, a little external to the fi"aenum, the ranine
vein may be seen immediately beneath the mucous membrane. The corresponding
artery, being more deeply placed, does not come into view, nor can its pulsation be felt
with the finger. On either side of the frsenum, in the floor of the mouth, is a longitudinal
elevation or ridge, produced by the projection of the sublingual gland, which lies immediately beneath the mucous membrane.
And close to the attachment of the frsenum to the
tip of the tongue may be seen on either side the slit-like orifices of Wharton's ducts, into
which a fine probe may be passed without much difiiculty. By everting the hps the
smooth mucous membrane lining them may be examined, and inay be traced from them
on to the outer surface of the alveolar arch. In the middle line, both of the upper and
lower lip, a small fold of mucous membrane passes from the lip to the bone, constituting
the frcpyna these are not so large as the fraenum linguae. By pulling outwards the angle
of the mouth the mucous membrane lining the cheeks can be seen, and on it may be
perceived a little papilla Avhich marks the position of the orifice of Stenson's duct the
duct of the parotid gland. The exact position of the orifice of the duct will be found to be
opposite the second molar tooth of the upper jaw.
The introduction of a probe into this
duct is attended with considerable difficulty. The teeth are the next objects which claim
our attention upon looking into the mouth. There are, as stated above, ten in either jaw
in the temporary set, and sixteen in the permanent set.
The gums, in which they are
implanted, are dense, firm, and vascular.
At the back of the mouth is seen the istlivnis of the fauces, or, as it is popularly called,
the throat
this is the space between the pillars of the fauces on either side, and is the
means by which the mouth communicates with the pharynx. Above, it is bounded by the
soft palate, the anterior surface of which is concave and covered with mucous membrane,
which is continuous with that lining the roof of the mouth. Projecting from the middle
of its lower border is a conical-shaped projection, the uvida.
On either side of the isthmus
of the fauces are the anterior and posterior pillars, formed by the Palato-glossus and Palatopharyngeus muscles respectively, covered over by mucous membrane. Between the two
pillars on either side is situated the tonsil.
The extirpation of this body is not unattended
with danger of haemorrhage. Dr. W^eir has stated that he believes that when hemorrhage
occurs after their removal, it arises from one of the palatine arteries having been wounded.
These vessels are large they lie in the muscular tissue of the palate, and when wounded
are constantly exposed to disturbance from the contraction of the palatine muscles. The
vessels of the tonsil. Dr. Weir states, are small, and lie in the soft tissue, and readily con:

;

;

:

;

—

'

'

:

:

tract

when wounded.
the mouth

When

is wide open a promment tense fold of mucous membrane may be
seen and felt extending upwards and backwards from the position of the fang of the last
molar tooth to the posterior part of the hard palate. This is caused by the Pterygomaxillary ligament which is attached by one extremity to the apex of the internal pterygoid
plate, and by the other to the posterior extremity of the mylo-hyoid ridge of the lower jaw.
It connects the Buccinator with the Superior constrictor of the pharynx.
The fang of the
last molar tooth indicates the position of the lingual (gustatory) nerve, where it is easily

THE PHAEYNX

0,41

and can with readiness be divided in cases of cancer of the tongue (see pao-e
795)
On the inner side of the last molar tooth we can feel the hamular process of the internal
pterygoid plate of the sphenoid bone, around which the tendon of the Tensor palati
plays
accessible,

The exact position of this process is of importance in performing the operation of staphyloraphy. About one-third of an inch in front of the hamular process and the same distance
directly inwards from the last molar tooth is the situation of the opening of the
posterior
palatine canal, through which emerges the posterior or descending palatine branch
of the
internal maxillary artery, and one of the descending palatine nerves from Meckel's
ganglion.
The exact position of the opening on the subject may be ascertained by driving^a needle
through the tissues of the palate in this situation, when it will be at once felt to° enter the
canal.
The artery emerging from the opening runs forwards in a groove in the bone, just
internal to the alveolar border of the hard palate, and may be wounded in the operation
for the cure of cleft palate.
Under these circumstances the palatine canal may require
plugging. By introducing the finger into the mouth the anterior border of the coronoid
process of the jaw can be felt, and is especially prominent when the jaw is dislocated. By
throwing the head well back a considerable portion of the posterior wall of the pharynx
may be seen through the isthmus faucium, and on introducing the finger the anterior
surfaces of the bodies of the upper cervical vertebrae may be felt immediately beneath the
thin muscular stratum forming the wall of the pharynx. The finger can be'hooked round
the posterior border of the soft palate, and by turning it forwards, the posterior nares,
separated by the septum, can be felt, or the presence of any adenoid or other growths in
the naso-pharynx ascertained.

The Pharynx
The pharynx

is that part of the ahmentary canal which is placed behind the
and larynx. It is a musculo-membranous sac, somev^^hat conical in
form, with the base, upwards, and the apex downwards, extending from the under
surface of the skull to the cricoid cartilage in front, and the intervertebral disc
between the fifth and sixth cervical vertebrse behind.
The pharynx is about four inches and a half in length, and broader in the

nose, mouth,

transverse than in the antero-posterior diameter.

Its greatest breadth is opposite
the cornua of the hyoid bone
its narrowest point at its termination in the
oesophagus. It is limited, above, by the body of the sphenoid and basilar process
of the occipital bone
heloiv, it is continuous with the oesophagus
posteriorly, it
;

;

;

connected by loose areolar tissue with the cervical portion of the vertebral
column, and the Longi colli and Eecti capitis antici muscles anteriorly, it is incomplete, and is attached in succession to the internal pterygoid plate, the
pterygo-maxillary ligament, the lower jaw, the tongue, hyoid bone, and thyroid
and cricoid cartilages laterally, it is connected to the styloid processes and their
muscles, and is in contact with the common and internal carotid arteries, the
internal jugular veins, and the glosso-pharyngeal, pneumogastric, hypoglossal,
and sympathetic nerves, and above with a small part of the Internal pterygoid
is

;

;

muscles.
the two posterior nares, the two
It has seven openings communicating with it
Eustachian tubes, the mouth, larynx, and oesophagus.
The posterior nares are the two oval openings (see page 204) situated at the
upper part of the anterior wall of the pharynx.
The two Eustachian tithes open one at each side of the upper part of the
pharynx, at the back part of the inferior meatus. Below the posterior nares
:

are the posterior surface of the soft palate

mouth, the base

and uvula, the large aperture
and the cordiform opening

of the tongue, the epiglottis,

of the
of the

larynx.

The

msopliageal opening

Structure.

—The

is

pharynx

the lower contracted portion of the pharynx.
composed of three coats mucous, fibrous, and

is

muscular.
The pharyngeal aponeurosis, or fibrous coat,

:

is situated between the mucous
and muscular layers. It is thick above where the muscular fibres are wanting,
and is firmly connected to the basilar process of the occipital and petrous portion
As it descends it diminishes in thickness, and is gradually
of the temporal bones.
lost.
It is strengthened posteriorly by a strong fibrous band, which is attached
above to the pharyngeal spine on the under surface of the basilar portion of the

;
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and passes downwards, forming a median raphe, which gives
attachment to the Constrictor muscles of the pharynx.
The mucous coat is continuous with that lining the Eustachian tubes, the
It is covered by columnar ciliated epithenares, the mouth, and the larynx.
below that point
lium, as low down as on a level with the floor of the nares
occipital bone,

:

the squamous variety. Beneath the mucous membrane are
found racemose mucous glands they are especially numerous at the upper part
of the pharynx around the orifices of the Eustachian tubes.
Throughout the
pharynx are also numerous crypts or recesses, the walls of which are surrounded
by lymphoid tissue, similar to what is found in the tonsils. Across the back
the epithelium

is of

;

part of the pharyngeal cavity, between the two Eustachian tubes, a considerable
mass of this tissue exists, and has been named the pharyngeal tonsil. Above this
in the middle line is an irregular, flask-shaped depression of the mucous membrane, extending up as far as the basilar process of the occipital bone.
It is
as the bursa 'pliaryncjea, and was regarded by Luschka as the remains of
the diverticulum of the alimentary canal, which is concerned in the development

known

Other anatomists believe that it is connected
of the pituitary body (see page 94).
with the formation of the pharyngeal tonsils. In addition to this recess of the
mucous membrane there are to be seen two others in the pharynx one between
the Eustachian tube and the posterior wall of the pharynx, the other above the
These are regarded as the remains of the upper and lower part of the
tonsil.
second visceral cleft respectively, the Eustachian tube being formed from the first
:

cleft.

The muscular

coat has been already described (page 418).

—

Surgical Anatomy. The internal carotid artery is in close relation with the pharynx,
It has been occasionally wounded
so that its pulsations can be felt through the mouth.
by sharp-pointed instruments, introduced into the mouth and thrust throtigh the wall of
the pharynx. In aneurism of this vessel in the neck; the tumour necessarily bulges into
the pharynx, as this is the direction in which it meets with the least resistance, nothing
lying between the vessel and the nracous membrane except the thin Constrictor muscle,
whereas on the outer side there is the dense cervical fascia, the muscles descending from
the styloid process and the margin of the Sterno-mastoid.
The mucous membrane of the pharynx is very vascular, and is often the seat of
inflammation, frequently of a septic character, and dangerous on account of its tendency
On account of the tissue which surrounds the pharyngeal wall
to spread to the larynx.
being loose and lax, the inflammation is liable to spread through it far and wide, extending
downwards into the posterior mediastinum along the oesophagus. Abscess may form in
the connective tissue behind the pharynx, between it and the vertebral colunm, constituting
what is known as post-pharyngeal abscess. This is most commonly due to caries of the
cervical vertebrae but may also be caused by suppuration of a lymphatic gland, which is
situated in this position opposite the axis, and which receives lymphatics from the nares
by a gumma or by acute pharyngitis. The abscess may be most easily evacuated by an
incision, with a guarded bistoury, through the mouth.
It has recently been proposed to
open the abscess aseptically by an incision in the neck behind the Sterno-ixiastoid. The
operation, however, is a difficult one, tmless the abscess is pointing laterally and does not
give such free access to the seat of disease for the removal of necrosed bone, if any exists,
and does not appear to present sufficient advantages to Warrant its performance.
Foreign bodies not unfrequently become lodged in the pharynx, and most usually at
its termination at about the level of the cricoid cartilage, just beyond the reach of the
finger, as the distance from the arch of the teeth to the commencement of the oesophagus
;

;

about

six inches.
position of the opening of the Eustachian tubes should be carefully studied with
a view to catheterism of these tubes, and the student should practise passing a catheter
into them.
This is to be done by introducing the instrmnent through the anterior nares,
so that its point rests on the floor of the nasal cavity close to the septum
it is then
pushed gradually and slowly backwards until the posterior wall of the pharynx is reached.
Then, having been slightly withdrawn so as to free the point from the wall of the
pharynx, it is rotated outwards and upwards, so that the ring of the instrument is turned
towards the external ear, and it can then be made to glide into the Eustachian tube.
is

The

;

The Q5sophagus
The

oesophagus, or gullet,

is

a

muscular canal, about nine inches in length,
It commences at the upper border

extending from the pharynx to the stomach.
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of the cricoid cartilage, opposite the intervertebral disc

between the fifth and sixth
cervical vertebrae, descends along the front of the spine, through the posterior
mediastinum, passes through the Diaphragm, and, entering the abdomen, terminates at the cardiac orifice of the stomach, opposite the tenth dorsal vertebra
or the intervertebral disc between the tenth and eleventh dorsal vertebrse.
The
general direction of the oesophagus is vertical but it presents two or three slight
curves in its course. At its commencement it is placed in the median hne but
it inclines to the left side as far as the root of the neck, gradually passes to the
middle line again, and finally again deviates to the left as it passes forwards to
the oesophageal opening of the Diaphragm.
The oesophagus also presents an
;

;

antero-posterior flexure, corresponding to
thoracic portions of the spine.

being most contracted at
through the Diaphragm.

its

the curvature of the cervical and
narrowest part of the alimentary canal,
commencement, and at the point where it passes
It is the

—

In the nech, the oesophagus is in relation, in front, with the
and, at the lower part of the neck, where it projects to the left side,
with the thyroid gland and thoracic duct behind, it rests upon the vertebral
column and Longi colli muscles on each side, it is in relation with the common
carotid artery (especially the left, as it inclines to that side), and part of the
the recurrent laryngeal nerves ascend between
lateral lobes of the thyroid gland
Relations.

trachea

;

;

;

;

and the trachea.
In the thorax, it is at first situated a little to the left of the median line it
then passes behind the left side of the aortic arch, and descends in the posterior
mediastinum, along the right side of the aorta, nearly to the Diaphragm, where
it passes in front and a little to the left of the artery, previous to entering the
abdomen. It is in relation, in front, with the trachea, the arch of the aorta,
left carotid, and left subclavian arteries, the left bronchus, and the posterior
behind, it rests upon the vertebral column, the Longi
surface of the pericardium
colli muscles, and the intercostal vessels
and below, near the Diaphragm, upon
the front of the aorta
laterally, it comes in contact with both pleurae, especially
with the left pleura above and the right pleura below the vena azygos major
The pneumogastric
lies on the right, and the descending aorta on the left side.
nerves descend in close contact with it, the right nerve passing down behind, and
it

;

;

;

;

:

the left nerve in front of

it.

— The

an external or muscular
a
oesophagus has three coats
middle or areolar and an internal or mucous coat.
The muscular coat is composed of two planes of fibres of considerable thickness an external longitudinal, and an internal circular.
Structure.

:

;

;

:

commencement of the tube, in
attached to the vertical ridge on the
posterior surface of the cricoid cartilage and one at each side, which is continuous with the fibres of the inferior constrictor as they descend they blend
together, and form a uniform layer, which covers the outer surface of the tube.
Accessory slips of muscular fibres are described by Dr. Cunningham as
passing between the oesophagus and the pleura, where it covers the thoracic
aorta (almost always), or the root of the left bronchus (usually), or the back of
the pericardium, or corner of the mediastinum (more rarely), as well as other still
more rare accessory fibres. In fig. 566, taken from a dissection in the Museum
of the Eoyal College of Surgeons, several of these accessory slips may be seen
passing from the oesophagus to the pleura, and two slips to the back of the trachea
The

longitudinal fibres are arranged, at the

three fasciculi

:

one in

front,

which

is

;

:

above its bifurcation.
their
Tlh& circular fibres Bxe coniimxouB above with the Inferior constrictor
direction is transverse at the upper and lower parts of the tube, but obHque in the

just

;

central part.

The muscular

fibres in the

and consist chiefly of the striped variety
part of involuntary muscular fibre.

oesophagus are of a red colour,
but below, they consist for the most

of the

upper part
;
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The
The

areolar coat connects loosely the

mucous and muscular

r}iucous coat is thick, of a reddish colour above,

coats.

and pale below.

It is

disposed in longitudinal folds, which disappear on distension of the tube. Its
surface is studded with minute papillae, and it is covered throughout with a thick
layer of stratified pavement epithelium. Beneath the mucous membrane, between
layer of longitudinally arranged non-striped
it and the areolar coat, is a
muscular fibres. This is the muscularis mucosa. At the commencement it is
lower down it forms
absent, or only represented by a few scattered bundles
;

a considerable stratum.

The cesophacjeal glands are numerous small compound racemose glands
they are lodged in the submucous tissue, and
scattered throughout the tube
open upon the surface by a long excretory duct. They are most numerous at
the lower part of the tube, where they form a ring round the cardiac orifice.
:

—

Vessels

of

566.
Accessory muscular
fibres between the oesopliagns
and pleura, and cesoplaagus

inferior thyroid

and trachea. (From a prepara-

subclavian

Fig.

tion in the Musemn of the
Eoyal College of Surgeons.)

the

oesophagus.

— The

arteries

supplying the oesophagus are derived from the

branch of the thyroid axis of the
from the descending thoracic aorta,
and from the gastric branch of the coeliac axis
from the abdominal aorta. They have for the
most part a longitudinal direction.
Nerves of the oesophagus. The nerves are
derived from the pneumogastric and from the
sympathetic they form a plexus, in which are
groups of ganghon-cells, between the two layers
of the muscular coats, and also a second plexus
;

—

;

in the

submucous

tissue.

—

Surgical Anatomy. The relations of the oesophagus are of considerable practical interest to the
surgeon, as he is frequently required, in cases of stricture of this tube, to dilate the canal by a bougie, when
it is of importance that the direction of the oesophagus,
and its relations to sm-rounding parts, should be remembered. In cases of malignant disease of the
CBSophagus, where its tissues have become softened
firom infiltration of the morbid deposit, the greatest
care is requisite in directing the bougie through the
strictured part, as a false passage may easily be made,
and the instrument may pass into the mediastinum,
or into one or the other pleural cavity, or even into
the pericardium.
The student should also remember that contraction
of the oesophagus, and consequent symptoms of stricture, are occasionally produced by an aneiu^ism of some
part of the aorta pressing ixpon this tube. In such a
case, the passage of a bougie could only hasten the
fatal issue.

In passing a bougie the left forefinger should be
introduced into the moiith, and the epiglottis felt for,
care being taken not to throw the head too far backwards. The bougie is then to be passed beyond the
finger until it touches the posterior wall of the pharjTix.
The patient is now asked to swallow, and at the moment of swallowing the bougie is
passed gently onwards, all violence being carefully avoided.
It occasionally happens that a foreign body becomes impacted in the oesophagus, which
can neither be brought upwards nor moved downwards. When all ordinary means for its
removal have failed, excision is the only resource. This, of course, can only be performed
when it is not very low down. If the foreign body is allowed to remain, extensive inflammation and ulceration of the oesophagus may ensue. In one case the foreign body
ultimately penetrated the intervertebral substance, and destroyed life by inflammation of
the membranes and s^^bstanee of the cord.
The operation of oesophagotomy is thus performed. The patient being placed upon his
back, with the head and shoulders slightly elevated, an incision, about four inches in length,
should be made on the left side of the trachea, from the thyroid cartilage downwards,
dividing the skin and Platysma.
The edges of the wound being separated, the Omo-hyoid

—

-
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be divided, and the fibres of the Sterno-hyoid and Sternomuscles drawn inwards the sheath of the carotid vessels, being exposed, must

shoiilcL if necessai*y,

;

outwards, and retained in that position by retractors the oesophagus will now
be exposed, and should be divided over the foreign body, which can then be removed.
Great care is necessary to avoid wounding the thyroid vessels, the thyroid gland, and the
laryngeal nerves.
The oesophagus may be obstructed not only by foreign bodies, but also by changes
in its coats, producing stricture, or by pressm-e on it from without of new growths or
aneurism, etc.
The different forms of strictm-e are (i) the spasmodic, usually occurring in nervous
women, and intermittent in character, so that the dysphagia is not constant (2) fibrous,
due to cicatrisation after injuries, such as swallowing corrosive fluids or boiling water and
This is situated generally either at
(3) malignant, usually epitheliomatous in its nature.
the upper end of the tube, opposite the cricoid cartilage, or at its lower end at the cardiac
orifice, but is also occasionally found at that part of the tube where it is crossed bj' the
left bronchus.
The operation of oesophagostomy has occasionally been performed in cases where the
stricture in the oesophagus 'is at the upper part, with a view to making a i)ermanent
opening below the stricture through which to feed the patient, but the operation has been
far from a successful one, and the risk of setting up diffuse inflammation in the loose
planes of connective tissue deep in the neck is so great that it would a^spear to be better,
The operation is
if any operative interference is undertaken, to perform gastrostomy.
performed in the same manner as cesophagotomy, but the edges of the opening in the
oesophagus are stitched to the skin incision.
be" drawn

:

:

;

;

THE ABDOMEN
The Abdomen

is

the largest cavity in the body.

It is of

an oval form, the

extremities of the oval being directed upwards and downwards the upper one
being formed by the under surface of the Diaphragm, the lower by the upper
concave surface of the Levator ani. In order to facilitate description, it is
:

divided into two parts an upper and larger part, the abdomen lyroper
and a lower and smaller part, the pelvis. These two cavities are not separated
from each other, but the Hmit between them is marked by the brim of the true
The space is wider above than below, and measures more in the vertical
pelvis.

artificially

;

:

than in the transverse diameter.
Boundaries. The abdomen proper is bounded in
lower ribs, the abdominal muscles, and the venter

and at the sides, by the
beMnd, by the vertebral
column and the Psoas and Quadi'atus lumborum muscles above, by the Diaphragm below, by the brim of the pelvis. The muscles forming the boundaries
layer of fascia, differently
of the cavity are lined upon their inner surface by a
front,

ihi

;

;

;

named according
The abdomen

to the part

which

it

covers.

contains the greater part of the ahmentary canal some of the
and the kidaccessory organs to digestion, viz. the liver, pancreas, and spleen
the wall of
as
well
as
structures,
these
of
Most
neys and suprarenal capsules.
an extensive and com
the cavity in which they are contained, are covered by
;

;

phcated serous membrane, the peritoneum.
of
The apertures found in the walls of the abdomen, for the transmission
transmission (in the foetus) of
structures to or from it, are, the umUlicus, for the
for the transmission
the umbihcal vessels the caval opening in the Diaphragm,
of the aorta, vena
passage
the
for
opening,
aortic
the
of the inferior vena cava
openmg,lor the oesophagus and
azygos, and thoracic duct and the esophageal
each side one for the
pneumogastric nerves. Beloio, there are two apertures on
of the spermatic
transmission
the
for
other
the
and
passage of the femoral vessels,
female.
cord in the male, and the round Hgament in the
viscera, as well as of
Regions.— For convenience of description of the
parts, the abdomen is
contained
the
of
condition
reference to the morbid
hues are drawn
circular
two
if
Thus,
artificially divided into nine regions.
ribs, where they
nmth
the
of
extremities
the
round the body, the one through
the highest pomt of the crests
through
other
the
and
cartilages,
join their costal
;

;

;

:

of the iha, the

abdominal cavity

is

divided into three

zones-an

upper, a middle,
3
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Fig. 567.

— Topography of thoracic and abdominal viscera.

—
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and a lower. If two parallel lines are drawn perpendicularly upwards from the
centre of Poupart's ligament, each of these zones is subdivided into three parts

and two lateral.
The middle region of the upper zone is called the epigastric {lirl, over; yao-rv^p,
and the two lateral regions, the right and left hypochondriac {viro,
the stomach)
under x^i^Spoi, the cartilages). The central region of the middle zone is the
The middle
umbilical and the two lateral regions, the right and left liimhar.
a middle

;

;

;

region of the lower zone

Fig. 568.

is

the hypogastric ox puhic region

;

and the

lateral regions

—The regions of the abdomen and their contents.

(Edge

of costal cartilages in dotted outline.)

are the right and left inguinal or iliac.
regions are the following (fig. 566)

The

viscera contained in these different

:

Bight Hypochondriac

The

greater part of

lobe of the liver,
the hepatic flexure of the

right

colon,

and part

right kidney.

of

the

Epigastric Begion

The greater part of the
stomach, including both
cardiac and pyloric orilobe and
fices, the left
part of the right lobe of

the liver and the gaUbladder, the pancreas, the
duodenum, parts of the

kidneys

and the

Left Hypochondriac

The

splenic

end of the

stomach, the spleen and
extremity of the pancreas,
the splenic flexure of the
colon, and part of the
left

kidney.

supra-

renal capsules.
3 p 2
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Bight Lumbar

Umbilical Begion

Ascending colon, part
and

The transverse

Left

part of the great

some convolutions of the

and mesentery, transverse
part of the duodenum, and

small intestines.

Descending colon, part

colon,

omentum

of the right kidney,

Lumbar

of the

the

left

omentum, part of
kidney, and some

convolutions of the small

some convolutions of the
jejunum and ileum, and

intestines.

part of both kidneys.

Bight Inguinal

(Iliac)

The caecum, appendix
cgeci.

Left Inguinal {Iliac)

Hypogastric Begion

Sigmoid flexure

the
Convolutions
of
small intestines, the bladder in children, and in

of the

colon.

adults if distended, and the
uterus during pregnancy.

The Pekitoneum
The peritoneum

extend around) is a serous membrane, and
abdominal and pelvic cavities.
In consequence of the number and different shapes of these viscera, the reflections
of the peritoneum, as it invests them, are exceedingly complex and difficult to
understand.
The peritoneum partially invests all the viscera contained in the abdominal
and pelvic cavities, forming the visceral layer of the membrane it is then
reflected upon the internal surface of the parietes of those cavities, forming the
The free surface of the peritoneum is smooth, moist, and covered
parietal layer.
by a layer of flattened endothelial cells its attached surface is rough, being
connected to the viscera and inner surface of the parietes by means of .areolar
(Tre/jtraVetr,

to

partially invests all the viscera contained in the

;

;

tissue called the subserous areolar tissue.

The

parietal portion

is

loosely con-

nected with the fascia lining the abdomen and pelvis but more closely to the
under surface of the Diaphragm, and in the middle line of the abdomen.
The description of the peritoneum is difficult, and cannot be made very clear
without referring to its more primitive and simpler type in the embryo. The
following essential facts in the Development of the Peritoneum, from the pen of
Mr. Fred T. Brock way, are here given with a view to rendering the description
;

of this

complex structure more

intelligible to the student.

Developbient of the Peritoneum
In the early development of the alimentary canal, before the twelfth day in
human embryo, all three germ-layers push forward, are folded over, and proThis is blind at the front
duce the head and the anterior part of the fore-gut.
The
end, and the mouth is developed later by an invagination from the exterior.
middle part of the future alimentary tract, mid-gut, is in free communication for
some time with the blastodermic vesicle which is later called the yolk-sac. The
approximation of the body-walls at the umbilicus gradually pinches the yolkstalk off into the vitelline duct, so the sac finally lies w^hoUy outside the body
of the embryo, and that part of it enclosed wdthin is the 'p^^WTO-peritoneal cavity
Finally, at the caudal end a hind -gut is formed and an anus added
(fig. 569).
by a process of invagination.
Thus the whole alimentary canal was originally a straight tube placed in
front of the aorta, or the original two primary aortse, and that in front of the
Along its middle region,
future vertebral column, the chor^d a dorsalis (fig. 570).
the anterior wall is lacking as it opens here into the yolk-sac.
the
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The fore-gut contracts to form the cesopliagus, which is very short (fig. 571).
This gradually widens into a spindle-like dilatation indicating the stomach. The
Fig. 569.

— Diagram of a longitudinal section of a mammalian embryo.
Very

early.

(After Quain.)

Ajnnion

Fore-gut

/ Heart

Chorda Doraalis

small intestine is short and straight with a wide opening into the yolk-sac.
This
Just below the stomach, the liver is budding out from the duodenum.
Fig.

570.— Schematic median

section of a

human embryo.

(After Dexter.)

Fore-gut

Hind-gut

attained in the fourth week in the
successive districts in the whole canal,

Stage

is

human embryo.
mouth,

throat,

There are now five
and visceral clefts,

—
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CBSoi)hagus, S]3indle-shaped stomach,

and the remaining

tube connected with the

yolk-sac.

By

the

fifth

Fig. 571.

or sixth week, the stomach, at first straight

and

parallel with the

— Schematic median section of a human embryo of fourth week.
(After Dexter.)

Oesophagus-

-Chorda
Dorsalis

Stomach

Liver

Aorta

-Mid-gut

Hind-gut

Fig. 572.

— Schematic median section of a human embryo
sixth week.

of fifth or

(After Dexter.)
,

V

Oesophagus

Lesser Curvature

Pylorus

axis of the body, begins to

column and a concave
by the voluminous

show

a convex greater ctcrvattire toward the vertebral
curvature on the opposite side. This is covered
The j^V^oric end is tilted away from the column,

lesser

liver.
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As the communication with
(fig. 572).
and absorbed there is developed a long
The end of this
opposite the vitelline duct.

forms the duodenal loop

and

this

the

yolk-sac becomes
loop

ximhilical

constricted

intestine

of

loop passes for a time into the umbihcal cord
surrounded by a protrusion of the peritoneum.
This loop passes downward and forward, and
consists of nearly two parallel

Fig. 573. -Fig. 570 with mes(Dexter.)
enteries added.

arms between which

At a little distance
stretched the mesentery.
from the vitelline duct on the lower arm of the
this marks
loop is seen a small enlargement
the futm-e cacum and beginning of the colon and

is

;

small intestine. Eive portions of intestine
the short part
to be distinguished
are
passing back from the stomach toward the spinal
column becomes duodenum ; at the turning point

end

of

now

:

the umbihcal

into

loop

is

the duo deno -jejunal

Pusterio

junction the anterior descending arm and bend
most of the
of the loop become small intestine
ascending posterior arm becomes colon, and the
;

;

terminal part, sigmoid flexure and rectum.
At first the ahmentary tract is mostly in
contact with the chorda dorsahs held by a broad
This
mass of embryonal connective tissue.
right
The
aortffi.
primitive
tissue contains two
other and compress this
and left portions of the body-cavity approach each
length of the tube
whole
the
to
attached
is
tissue into a mesentery, which
The special part
it with the chorda.
connecting
stomach,
the
beginning with
mesogastrmm;
called
is
posteriorly
stomach
of this membrane attached to the
or /^eo-oj
intestmum
{medium
mesentery
called
that to the small intestine is
that to the sigmoid
mesocolon
the
colon,
the
to
that
intestine)
middle
Ivr^pov,

Fig.

;

;

of the Uver, stomach, auodenum,
to show the original positions
longitudmal section.
spleen, and the mesenteries connected.

574.-Diagram

panci-eas and
(Hertwig.)

A

Spleen

—Lesser Curvature
Greater Curvature
Blesogastrium

Mesentery

Yitelline

Duct

sigmoid mesocolon;
flexure, the mesosigmoidea or

m

and that

to ^^e

rectum the

represented
^^^^^^^^^^
mesore^Ucm. This has not been
but not of such extent
ventral mesentery, '^^-^^^Jl^^^^
a
also
is
There
simpHcity.
of

—
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dorsal.
It extends along the front of the alimentary canal from the throat to the
lower end of the duodenum and in front as far down as the umbilicus (fig. 573).
It almost makes the body-cavity a paired structure.
In the upper part of this
mesentery is developed the heart, the part enclosing it being called mesocardium
anterius and posterius.
The lower part extends from the stomach and
duodenum to the anterior wall and has many names ventral gastric and
duodenal mesentery, liver-ridge and prohepaticus
it
is never called anterior
mesogastrium.
The lifer is here developed anterior to the stomach, budding from the anterior
part of the beginning of the duodenum (fig. 574).
The pancreas buds from the posterior part of the duodenum, vertical at first
and covered on both sides by the mesentery of the small intestine it passes into
'

;

;

the mesogastrium later

and becomes transverse.

The sp)leen is developed in the second month in the mesogastrium and is not
connected directly with the alimentary canal.
At this stage, passing from before backw^ard, we find the structures arranged
:

stomach posteriorly, spleen and pancreas. The
anterior mesentery in front of the liver becomes the suspensory or falciform ligament of the liver, extending to the umbilicus below and embracing the intraanteriorly, liver

;

in the centre,

;

—

FiG. 575.
Cross section in duodenal
region to show same structures as
in fig. 574.
(Her twig.)

Fig. 576.

— Schematic representation of the

nieseiitei'y in

a six weeks'

human embryo.

(Toldt.)

Stomach
'Spleen

Panel eas-

Cceliac axis

Duodenum

Vesogastrium
Superior mesenteric artery

Splenic flexure
-I/!3.

of colon
Infenoi mes-

Suspensoriu-,,1

\

Hepatis

entei ic artery

Vesenterp

abdominal part of the umbihcal vein. The anterior mesentery between the liver
and stomach becomes the lesser omentum or lig. hepato-gastro duodenale. The
mesogastrium between stomach and spleen becomes gastro-splenic omentum, and
that part between the spleen and vertebral column forms the
great omentum.
Fig- 575 is a cross-section of the same embryo.
Anteriorly are the two sacs
the liver projecting one into each side of the body-cavity.
The right sac
grows to a larger size than the left they form respectively the right and
left lobes.

of

;

Behind these

is

the

duodenum and behind

that the pancreas.
The intervening
parts of the mesentery are called ligaments, viz. first,
suspensory ligament of
liver, next hepato-duodenal ligament, next
duodeno-pancreatic ligament, and lastly,
the dorsal mesentery. Note that pancreas and duodenum
are wholly enclosed.
The vascular arrangement of this stage is shown in fig. 576. The ca;liac
axis, the superior mesenteric and inferior
mesenteric arteries have their points of
'

supply definitely marked out even in the sixth week. They
pass from the aorta
between the two layers of the mesogastrium and mesentervto their
destinations,
which never change. The coehac axis goes to the stomach, spleen,
pancreas,
liver and part of duodenum
the superior mesenteric, to part of duodenum, the
small intestines, and part of colon the inferior mesenteric,
to the remainder of
;

;

the tube.

The length

of the intestine continually increases,

and

it

becomes more bent
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from the third month on there occur two important changes one
and one in regard to a change in posiThe ascending and descending arms of the umbilical loop
tion of the stomach.
have been lying side by side one above the other now the lower arm, which

and tortuous,

till

:

in regard to a twist of the intestmal loop,

;

Flo. 577.

— Torsion of the

Initial position.

umbilical loop.
(Jonnesco.)

Fig. 578.

—

Torsion of the \imbilical loop.
Acquired position. (Jonnesco.)

Caecum

Vitelline

Duct

to pass over the upper arm and crosses the
small intestine transversely (fig. 577). The upper arm moves but little or none,
as it is already fixed to the vertebral column at its upper duodeno-jejunal end,
perhaps by the muscle of Treitz.
The cfficum, which has akeady developed an appendix, is thus landed wholly
on the right side of the body up under the liver (figs. 578 and 580). At first

becomes caecum and colon, begins

—

Fig. 579.
Development of human alimentary canal and mesentery.
Earlier
stage.
(Hertwig.)

—

Development of human alimentary canal and mesentery. Later

Fig. 580.
stage.

(Hertw^ig.)

•k- Greater

Greater curvature

curvature

Duodenum

Greater omen-

tum

Jreater omen-

tum

—

Placeivliere the
intestines cross
X

Place wherethe

Mewcolon

intestines cross

Large intestine

Large intestine

Small intestine

Vitelline

duct

no ascending colon, the transverse colon rrmning across the duodenum,
stomach and up to the spleen, making a splenic flexure it passes
through the left lumbar region and is continued into the sigmoid flexure and rectum.
The caecum increases in length, and finding least resistance below, finally settles
there

is

inferior to the

into the right ihac fossa, dragging

;

down

a short ascending colon.
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The mesentery, seen
the loop, and
figs.

its

in the loop of fig. 576, makes a half rotation, as does
anterior surface becomes posterior, as may be inferred from

579 and 580.

,.

—

581.
Final disposition of the intestines and
their vascular relations.
(Jonnesco.)

Fig.

shows the

Fig. 581

arterial supply after the twist
with the coeliac axis behind the
stomach, the superior mesenteric artery fastening the

of the umbilical loop,

duodenum between

itself and the aorta, and the inmesenteric coming off below.
During this period of intestinal torsion, the stomach
has suffered a double change. First the stomach

ferior

twists around an antero-posterior axis, so its cardiac
or oesophageal end moves to the left and down-

ward, wliile

and upward

its
;

pyloric end

and

its

moves

a

little to

vertical position

the right

becomes moi'e

transverse.

long axis having been parallel to the
it originally presented a right and
left surface, supplied respectively by the right and left
vagus nerves. It now falls over so that its right side
Secondly,

its

vertebral column,

becomes posterior and its left side anterior, and the
greater curvature becomes more inferior and the lesser
curvature more superior. The vagus nerves still supply
the same surfaces, which have changed their positions

:

the right nerve

now

goes to the posterior

surface and the left one to the anterior sin-face.

the
A. Aorta. //. Hepatic artery. 5.
Splenic arterj'. J/, Col. Branches
of superior mesenteric artery.

m, m'. 'Branclies of inferior mesenteric arterv.

The lower end of the oesophagus also experiences
same torsion.
The mesogastrium is modified by this rotation to

tlie right.

In the anterior mesentery

574), but in the adult we find
The spleen
side of the body.

it

is

the liver

(fig.

shifted to the right

was

posterior to the

So these three antero-posterior organs
have become laterally placed, and from right to left are hereafter found liver,
stomacli

;

in the adult

it

is

to its

left.

:

stomach, spleen.

—Wood and

cloth to illustrate
stomach and mesogastrium of two
layers viewed from the side. (G. S. H.)

Fig. 582.

—

Stomach turned to right enclosing
Fig. 583.
a space behind it, representing the great
omentum and its cavity view from the front.
(G. S. H.)

Mesogastrium

Again connected with this torsion of the stomach is associated the formation
omentum. To illustrate this, carve a piece of wood to represent the

of the great
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of cloth attached to the posterior border represent the

to the vertebral column (fig. 582).
This was the original
condition (fig. 576). Now turn the stomach to the right, allowing the cloth
to fall loosely to the left, and immediately a cavity is formed included between
two layers of cloth anteriorly and two layers posteriorly (fig. 583). In the
embryo a similar cavity is formed called the cavity of the great omentum, the lesser

sac of ijeritoneum, bursa omentalis ; and a similar fold of four layers is formed
called the great omentum, which in the embryo and infant contains this cavity.
The entrance to this cavity is indicated by the arrow in figs. 579, 580, and 583,
of the great omentum is seen to the left of and below the greater
curvature of the stomach. Compare the above with fig. -584, and the position of
the sac will be better understood.
The front wall of the bursa omentalis is formed by the stomach the
posterior wall by the -mesogastrium, which at first completely invests the

and the bulging

;

—

Schematic and enlarged
Fig. 584.
cross section through the body of
a human embryo in the region of
the mesogastrium. Beginning of
(Toldt.)
third month.

Fig. 585.
at

— Same section as in

fig. 584,
(Toldt.)

end of third month.

Eight

supuutnal
tupsule

Right
suprarenal

Liver

ipsule

Lesser

mientum

TkKiai-.

Stomach-

Liver
Left

supiarenal
capsule

pancreas, touches the spleen, and covers
part of the left suprarenal capsule. The
opening is turned to the right and covered
The
anteriorly by the lesser omentum.

space between the lesser omentum and right end of pancreas is the atrium hurscb
and behind
omentalis or the antechamber or lesser omental ijocket. It Hes below
The bursa proper, or lesser sac, is that part
the Spigehan lobe of the liver.
behind the stomach.
By the end of the third month the pancreas touches the left suprarenal captwo becomes later
sule (fig. 585), the layer of mesogastrium separating the
separated from the
organ
extraperitoneal
absorbed, and the pancreas is then an

kidney or capsule by connective

tissue.

By

further development this lesser sac

and to
continues to push between the layers of the great omentum downward
formerly
a
omentum,
great
The
viscera.
the left, and fuses with neighbouring
transverse colon
part of the mesogastrium, comes to hang freely down over the
and then in front of the small intestines, as about to do in figs. 580 and 586.
The lameUge composing the bursa omentahs or lesser sac are each composed
(figs. 586
of two layers
they are placed close together and are continuous below
of the
curvature
greater
the
to
and 587). The more anterior one is attached
to
attached
originally
was
intestines
the
on
lying
stomach, and the posterior one
and 586). In
the vertebral column and enclosed most of the pancreas (figs. 584
;

the posterior
further change occurs. In man fusions follow
wall, and its original
abdominal
posterior
the
of
part
lamella covers a large

many mammals no

:

;
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attachment gets displaced to the left it joins the Diaphragm
Below it
plireno-lienale, suspensory ligament of the spleen.
to the upper layer of the transverse mesocolon and to the transverse colon (fig. 587).
These two contiguous layers, i.e. the posterior layer of
the mesogastrium and the upper layer of the transverse mesocolon, may present
line of vertebral

and forms the
becomes fused

;

lig.

—

Fig. 586.
Diagram to illustrate the develoj)ment of the bursa omentalis, cavity of the
*
(Hertwig.)
Foetal stage.
Lesser sac.
great omentum or lesser sac.
.

Dinpiiragm

Liver

Lesser

omentum

Stomach
Pancreas
Oreater curvature
Anterior lamella of greater omentum
Posterior lamella 0/ greater omentum

Transverse mesocolon

Duodenum

Transverse colon

Mesentery
Oreater

omentum
- Small intestine

a fissure at birth in many mammals. During early infancy in the human species
they form a single lamella with a deposit of fat (tig. 587). In adult life no trace
of the extra layer is seen.
There are then three types of relation of the posterior layer of the great
omentum to the transverse mesocolon fcetal, where they are separate (fig. 586)
and adult, where all
infantile, where they are fused into one layer (fig. 587)
trace of this layer has disappeared and the posterior lamella of the great omentum seems to enclose the transverse colon.
The lesser sac of peritoneum (bursa omentalis) is still continuous with the
greater sac or general peritoneal cavity, something like the two cavities of an
hour-glass, only the upper cavity (lesser sac) is comparatively small and bent
down behind the other. In fig. 587 the cavity behind the stomach is connected
:

;

—

Fig. 587.
Development of bursa omentalis. Infantile stage. Great omentum covers
the intestines and has fused with the transverse mesocolon.
Pancreas is free of
peritoneum postei'iorly. (Hertwig.'
'Diaphragm
Liver

Lesser omentum-

Stomach
Pancreas
Greater curvatur
Posterior lamella of greater

omentum

Part of omentum enclosing pancreas
Transverse mesocolon

Duodenum

Transverse colon

Mesentery
Greater omentum-

Small intestine

with the larger cavity in front of it by means of a foramen to the right of the
It is the foramen of Winslow, and is to be fou.nd just under
lesser omentum.
the hilus (the black spot on a bean) of the liver to the right side of the neck of
the gall-bladder.

After childhood the cavity of the lesser sac descending into the great omenis obhterated and the four layers are fused into an omental plate.

tum
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Mesentery of the Small Intestine and Colon
The mesentery is influenced by the increase in length of the small intestine.
becomes fan-shaped, and its length at its insertion into the intestine is many
times that of its origin from the lumbar vertebrse so it lies in folds and is called
In man, after the fourth month, this becomes more compUcated by
a frill.
fusions with the posterior body -wall or neighbouring viscera.
It affects especially
the mesentery of the duodenum and colon.
It

;

Fig.

5

88.

— Cross section of alimentary canal of

fig.

580 to show mesenteries.
^mall

(Dexter

iritcstine

Messntenj

Colon

'Megacolon

llelroperitoneal

Kidney

space

The duodenum

at first is completely invested with peritoneum (fig. 579);
growing faster are thought to pull it away and appropriate it,
and so posteriorly it comes to lie on the posterior wall of the body and becomes
an immovable organ (fig. 587).
The large intestine possesses a suspensorium attached to the vertebral column
and designated the mesocolon. When the twist of the umbilical loop occurred,
the transverse colon and its mesocolon were drawn transversely across the duodenum, and a new secondary line of attachment was thus formed. This explains
why in the adult we find the body-cavity divided by the transverse colon and
transverse mesocolon into chambers, an upper and a lower. In the upper are
in the lower, part
the stomach, hver, pancreas, spleen and part of duodenum
The duodenum, in order to get from the
of duodenum and the small intestines.

later other viscera

;

Fig. 589.

— Schematic drawing of a cross section of a serous cavity.

(Gegenbanr.)

Serous Cavity
Intestine

Visceral Layer
-Parietal

Layer

upper to the lower space, passes underneath the transverse colon or apparently
through the mesocolon (fig. 580).
The caecum, ascending and descending colon also lie with their posterior
walls more or less in contact with the body- wall, but sometimes they have a
more or less distinct mesentery, as they did originally. The original disposition
can be seen by taking a cross section of the alimentary canal in fig. 580 along the
line XEach colon and the small intestine is fixed to the aorta and vertebral
column by its special mesentery, which allows freedom of motion (fig. 588).
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The viesentery is seen to be formed of two layers of peritoneum which surround
an intestine completely, except at a posterior line where there is opportunity
for vessels, nerves, and lymphatics to enter or return.
Two layers of peritoneal
connective tissue, which lodge vessels, nerves, and lymphatics, constitute a
mesentery. The intestine looks as though it had pushed its way into the sac of
peritoneum as a finger enters a glove. That comparison is incorrect, for intestine and peritoneum are developed simultaneously.
The intestine is not first
made and then pushed, as would appear (fig. 589).
The intestine and the two layers of peritoneum are formed together. As the
intestine recedes, the serous membrane comes from the wall to it in a duplicature.

The

is called visceral
that reflected upon the
the parietal layer, and the passage from one to the other is

layer covering the intestine

parietes or wall

is

;

the mesentery.
In the adult the small intestine

is unchanged, but the mesentery of the right
colon has been widely separated posteriorly, and it and some of the
parietal peritoneum have been changed to connective tissue, so each colon

and

left

becomes
(fig.

587).

fixed

and partly extraperitoneal,

The kidneys were always

duodenum and pancreas
being developed in the retro-

like the

outside,

peritoneal space.

Adult Peritoneum
In order to get a first general idea of the peritoneum and its reflections, the
student should bear in mind that all the abdominal and pelvic viscera are placed
external to it, and that it is a shut sac superimposed upon the viscera.*
Let the student imagine that all the viscera are in their proper positions in
Upon the top of them is
the abdominal cavity, but uninvested by peritoneum.
placed a large closed sac, the walls of which are of extreme thinness, and
wherever there is a cleft between two viscera a process of peritoneum derived
from the part of the sac in contact with the viscera is tucked in between them, so
as to cover the adjacent surfaces of the two viscera and separate them from each
other, and at the same time, by becoming adherent to the viscera, form an investment for them. Thus in fig. 590 such a diverticulum or process may be
seen tucked in between the under surface of the liver and the upper surface of
the stomach, and extending between the two as far backwards as the portal
vein, hepatic artery, and hepatic duct, which it covers on their anterior surfaces,
forming the anterior layer of what is termed the lesser omentum.
Another diverticulum or process is tucked in round the hepatic artery, as it
passes forwards and upwards to the liver, and afterwards expands into a large
sac or bag, which covers the posterior surface of the liver and stomach, and the
upper part of the posterior wall of the abdomen, separating these structures from
each other. This large cul-de-sac of peritoneum is called the lesser cavity of the
"peritoneum, but is only a part of the general cavity differentiated from it by the
constriction produced at the situation of the hepatic artery.
In this respect
the peritoneum may be compared to an hour-glass with two unequal globes the
:

smaller one constituting the lesser cavity of the peritoneum the larger one the
greater cavity and the constriction where the two globes communicate corresponding to the constriction in the peritoneum where it hooks round the hepatic
This constriction is called the foramen of Winslow.
artery.
Between the transverse fissure of the liver and the lesser curvature of the
;

;

is thus a double layer of peritoneum
the anterior layer being part
bag of the peritoneum, where it is tucked in between the liver and
the stomach from the front while the posterior layer is part of the lesser bag of
the peritoneum where it is tucked in round the hepatic artery.
These two layers

stomach there

:

of the greater

;

*

We may

disregard, for the present, the fact that the peritoneum in the female is not
sac, since the Fallopian tubes open into it at their free extremities.

an absohitely closed

EEFLECTIONS OF PBEITONEUM
Between the
constitute the lesser omentum.
artery, the portal vein, and the hepatic duct.
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two layers are situated the hepatic

A

process of this lesser bag of the peritoneum is pushed backwards and
liver, extending as far as the under surface of the Diaphragm,
At its extremity this process approaches
the posterior part of which it covers.
a diverticuhim of the greater bag of the peritoneum, which is pushed in from the
front, in the cleft between the upper surface of the liver and the under surface
Another process of this lesser bag is pushed downwards
of the Diaphragm.
between the stomach and the transverse colon and forms the two inner of the
Thus the lesser cavity of the peritoneum is
four layers of the great omentum.
seen to be a complete sac or bag, separating the back and part of the under
surface of the liver, the posterior wall of the stomach, and the upper surface of

upwards behind the

Fig. 590.

-The reflections of the peritoneum, as seen in a vertical
section of the

abdomen.

Passes thro u gJi foramen of
Winsloiu

Lesser

omentum

the transverse colon from the back part of the under surface of the Diaphragm
and the upper part of the posterior wall of the abdomen.
The greater cavity of the 'peritoneum separates the anterior surfaces of the
so that in our comparison of the
viscera from the front wall of the abdomen
two cavities to an hour-glass it must be borne in mind that they are not in the
same straight line as the two globes of the hour-glass, but that, at the point of
;

constriction, the smaller cavity is bent

round the hepatic

artery, so as to lie

behind the greater cavity.
greater sac of the peritoneum is placed in front of the viscera, one layer
being in contact with them, the other lining the inner surface of the anterior
wall of the abdomen. The layer which is in relation with the viscera sends
backwards diverticula which pass between the various organs, and in certain

The
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places comes in contact with the peritoneum forming the lesser bag, in the
manner described above. Thus we have one of these diverticula sent backwards
between the liver and Diaphragm, covering the anterior part of the under surface

Diaphragm and the upper surface of the liver as far backwards as the
The extremity of this diverticulum approaches a similar diverticulum
the lesser bag, already described, and the two layers form the anterior and

of the

ligaments.
of

posterior layers of the coronary ligament of the liver.

Another process, which
has already been mentioned, is sent backwards between the under surface of the
liver and the stomach, to meet a similar process of the lesser cavity prolonged
from behind forwards. Where the two are in apposition the lesser or gastrohepatic omentum is formed. A third diverticulum is carried backwards to the
posterior wall of the abdomen between the transverse colon and the small
This prolongation covers the under surface of the transverse colon
intestine.
and forms the under layer of the transverse mesocolon, and the upper layer of
the mesentery by its extremity it is in contact with the posterior wall of the
abdomen, and covers a part of the abdominal aorta. Between the greater
curvature of the stomach and the transverse colon there is a fold or reduplication
of the peritoneum, which contains between its layers a similar fold from the
Another fold of the
lesser cavity, and forms the apron or great omentum.
greater bag of the peritoneum is pushed backwards to the spine between the
small intestines and the pelvic viscera. This fold forms the lower layer of the
mesentery, covers a considerable portion of the lower part of the abdominal wall,
and passes over the sacro-vertebral angle into the pelvis. Below, where it
covers the upper part of the pelvic viscera, it sends diverticula dowmvards between
them, separating them from one another thus one is sent downwards between
the back of the rectum and the sacrum, another between the rectum and the
In the female, one is sent down between the rectum and uterus,
bladder.
another between the uterus and bladder. These, then, are the various diverticula
sent off from the posterior layer of the greater bag of the peritoneum
the
anterior layer simply lines the anterior wall of the abdomen, and is continuous
at its extremities with the posterior layer.
The student will perhaps be better able to follow these various folds or reflections of the peritoneum by a reference to the accompanying plan (fig. 591),
which should be studied in conjunction with fig. 590. He must not forget, however, that though the lesser and greater cavities of the peritoneum are here
represented, for the sake of clearness, as quite distinct from each other, they are
not really so, but that they both form part of one great cavity.
The reflections of the peritoneum may be traced in two different ways, either
by considering the folds which form each cavity separately, or by describing
;

;

;

them

together.

first plan (fig. 590), the liver should be raised and supported
and the stomach should be depressed, when a thin membranous
layer is seen passing from the transverse fissure of the liver to the upper border
this is the lesser or g astro -hepatic omentum.
It consists of two
of the stomach
delicate layers of peritoneum, an anterior and a posterior, between which are
contained the hepatic vessels and nerves. Of these two layers, the anterior
should first be traced, and then the posterior.
The anterior layer descends to the lesser curvature of the stomach, and covers
it descends for some distance
its anterior surface as far as the great curvature
in front of the small intestines, and, returning upon itself to the transverse colon,
forms the external layer of the great omentum it then covers the under surface
of the transverse colon, and, passing to the back part of the abdominal cavity,

According to the

in that position,

:

:

;

forms the inferior layer of the transverse mesocolon. It then descends in front
of the duodenum, over the superior mesenteric artery, along which it passes to
invest the small intestines, and, returning to the vertebral column, forms the
mesentery whilst, on either side, it covers the ascending and descending colon,
and is thus continuous with the peritoneum lining the walls of the abdomen.
;

;
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From

the root of the mesentery it descends along the front of the spine
into the
and smTOunds the upper part of the rectum, which it holds in its position
by means of a distinct fold, the vieso-rectum. Its course in the male and female

pelvis,

now

differs.

In the male it forms a fold between the rectum and bladder, the recto-vesical
fold, and ascends over the posterior surface of the latter organ as far as its
summit.
In the female it descends into the pelvis surrounding the rectum, forms a fold
between the rectum and vagina, the recto-vaginal fold (pouch of Douglas), covers
a small part of the posterior wall of the vagina,

fundus and body

of

which

it

covers.

From

and passes on to the uterus, the
the sides of the uterus it is reflected

to the wall of the pelvis,

surface of the uterus
its

it

forming the broad hgaments
and from the anterior
ascends upon the posterior wall of the bladder as far as
;

summit.
Fig. 591.

— Plan of the peritoneum.
PROCESS BETWEEN
DIAPHRAGIVl

AND LIVER

BETWEEN LIVER AND DIAPHRAGM

BETWEEN TRANSVERSE
COLON AND SMALL
INTESTINE

BETWEEN SMALL
INTESTINE AND,
PELVIC VISCERA,

From this point it may be traced, as in the male, ascending upon the anterior
parietes of the abdomen, to the under surface of the Diaphragm from which it
is reflected upon the liver, forming the anterior layer of the coronary, and the
lateral and longitudinal ligaments.
It then covers the upper and under surfaces
;

of the liver,

and

becomes continuous with the anterior
omentum, the point whence its reflection was originally traced.
The lyosterior layer of the lesser omentum descends to the lesser curvature of
the stomach, and covers its posterior surface as far as the great curvature it
then descends for some distance in front of the small intestines, between the
two layers of the great omentum formed by the anterior layer, and, returning
upon itself to the transverse colon, forms the internal layer of the great omentum
at the transverse fissure

layer of the lesser

;

covers the upper surface of the transverse colon, and, passing backwards to
the spine, forms the upper layer of the transverse meso-colon. Ascending in
front of the pancreas and crura of the Diaphragm, it lines the back part of the
under surface of that muscle, from which it is reflected on to the posterior border
of the liver, forming the posterior layer of the coronary ligament.
It then passes
to the under surface of the liver, as far as the transverse fissure, where it is
it

;
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continuous with the posterior layer of the lesser omentum, the point whence
reflection

was

its

originally traced.

The space included

peritoneum

in the reflections of this layer of the

is

called

the lesser cavity of the peritoneum, or cavity of the great omentum. It is bounded,
in front, by the lesser omentum, the stomach, and the descending part of the
behind, by the ascending part of the great omentum, the transgreat omentum
verse colon, transverse meso-colon, and its ascending layer above, by the liver
and below, by the folding of the great omentum. This space communicates with
;

;

the general peritoneal cavity through the foramen of Winslow, which

is

situated

behind the right, or free border of the lesser omentum.
In order to trace the two layers together, we commence at the top of the
abdominal cavity that is to say, the under surface of the Diaphragm. This
muscle is covered throughout the greater part of its extent by peritoneum one
layer extending from its anterior border, backwards the other from its posterior
border, forwards.
Where the two layers approach each other they are reflected
downwards to the liver, forming the coronary and lateral ligaments of this organ.
When these two layers reach the liver, they again separate to enclose the greater
part of this viscus, the one passing in front and the other behind, and they meet
again on its under surface at the transverse fissure. From this fissure they turn
downwards to the lesser curvature of the stomach, forming the gastro-hepatic
;

;

;

or lesser

omentum, and enclosing the hepatic

artery, the portal vein,

hepatic duct, which are contained between the two folds in this situation.

and the

From

the lesser curvature of the stomach, the two layers pass over the anterior and
it and meeting again at the greater
they pass down in front of the small intestines,
between this tube and the abdominal wall, and are reflected on themselves,
passing upwards to the transverse colon, and forming the apron or great omentum.
This reflection, therefore, consists oi four layers of peritoneum. When the two
posterior layers of the great omentum, in their reflection upwards, reach the
transverse colon, they separate to enclose this portion of the intestinal tube, the
one layer passing above it and the other below. They meet on its posterior
surface, and pass backwards to the vertebral column, forming what is called the
transverse meso-colon.
At this point the two layers separate. The one which
formed the upper surface of the transverse meso-colon, and which belongs to the
lesser cavity, passes upwards in front of the pancreas and crura of the Diaphragm
to the back part of the under surface of the Diaphragm, the point from which
the description of this layer was commenced.
The other, which formed the
inferior layer of the transverse meso-colon, turns downwards in front of the
duodenum, aorta, and inferior vena cava, and can be traced, as a single layer,
in the manner above described, investing the small intestines and forming the
mesentery then passing over the sacro-vertebral angle into the pelvis, the
viscera of which it partially invests, and finally over the posterior surface of the

posterior surfaces of the viscus, enclosing

From

curvature.

this point

;

front %vall of the
fi-om

abdomen

which the description

to the

under surface

of this layer

of the

Diaphragm, the point

was commenced.

In addition to tracing the peritoneum vertically, as has now been done, it is
necessary to trace it horizontally. If this is done below the transverse colon,
the circle is extremely simple, as it includes only the greater bag of the peritoneum
(fig. 590).
Above the level of the transverse colon the arrangement is more
complicated, on account of the existence of two sacs.
Starting from the linea alba, below the level of the transverse colon, and
tracing the continuity in a horizontal direction to the right, we find the peritoneum
covering the internal surface of the abdominal w^all almost as far as the anterior
border of the Quadratus lumborum muscle it encloses the caecum, forming the
meso-csecum, and is reflected over the sides and anterior surface of the ascending
colon, fixing it to the abdominal wall, thus forming the ascending meso-colon,
from which it can be traced over the kidney to the front of the bodies of the
vertebrae.
It then passes along the mesenteric vessels to invest the small
;

:
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and back again to the spine, forming the mesentery, between the
which are contained the blood-vessels, nerves, lacteals, and glands.
Lastly, it passes over the left kidney to the sides and anterior surface of the
descending colon, and, reaching the abdominal wall, it passes along it to the
middle line of the abdomen.
Above the transverse colon (fig. 592) the peritoneum can be traced, forming
the greater and lesser cavities, and their communication through the foramen of
Winslow can be demonstrated. Commencing in the middle line of the abdomen,
the membrane may be traced lining its anterior wall, and on the right side sending
a process backwards to encircle the obliterated umbilical vein (the round ligament
intestines,

layers of

forming the falciform or longitudinal ligament of the liver. Concourse to the right, it is reflected over the front of the upper part' of
the right kidney, across the vena cava inferior and aorta, and over the left kidney
of the liver),

tinuing

its

Fig. 592.

—-Transverse section of peritoneum.
Lesser

omentum

of liver

Hepatic artery, portal
vein, and hepatic duct

Gastro-splenic

omentum

Lieno-renal ligament

Bound ligament

Abdominal aorta

Vena cava

hilum of the spleen, forming the anterior layer of the lieno-renal ligament
the posterior layer being formed by the termination of the cul-de-sac of the
From the hilum of the
greater cavity between the kidney and spleen (fig. 592).
at the point
stomach
the
of
surface
posterior
spleen it is reflected on to the
where it is reflected it comes in contact with the cul-de-sac of the greater cavity

to the

;

between the spleen and stomach, and forms the gastro-splenic o^nentuni. It
covers the posterior surface of the stomach, and from its right extremity it
passes around the vessels to the transverse fissure of the liver, and back again
to the stomach, as the lesser omentum, and thus it forms the anterior boundary
It now covers the front of the stomach, and upon
of the foramen of Winslow.
reaching the cardiac extremity it passes to the spleen, which it encloses, forming
the gastro-splenic omentum. From the hilum of the spleen it turns backwards
line of
to reach the abdominal wall, along which it courses to reach the median
the abdomen.

The foramen of Winsloio

is

bounded, in front, by the lesser omentum, enclosing
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behind, hy the inferior vena
the vena portse and the hepatic artery and duct
cava above, by the lobulus Spigehi and lobulus caudatus beloiv, by the hepatic
artery curving forwards from the coehac axis.
The reflections of the peritoneum over the transverse colon are somewhat
;

;

;

by some authors (Luschka, Holden), and there is no doubt,
was long ago pointed out by Haller, that the arrangement in the foetus is
In the foetus, and even in
different from that which has been described above.
the young child, the two ascending layers of the great omentum can be traced
differently described

as

passing together over the transverse colon, instead of embracing it, as described
above, and passing back to the spine as a double fold, which can be separated
from the transverse colon and transverse meso-colon. Upon reaching the spine
the upper one (the inner of the two ascending layers
the two layers separate
of the great omentum) passes upwards in front of the pancreas and crura of the
Diaphragm, forming the posterior boundary of the lesser bag of the peritoneum,
in a similar manner to the upper layer of the transverse meso-colon in the former
description.
The other fold (the outer of the ascending layer of the great
omentum), after reaching the spine, is tui-ned forwards again on itself as far as
the transverse colon, which it covers, and is again reflected back to the spine,
to pass down in front of the aorta to form the mesentery, in a similar manner to
the lower layer of the transverse meso-colon in the former description. Thus
the transverse colon is invested by a distinct fold of peritoneum, prolonged
forwards from the spine to surround it, in a very similar manner to the way in
which the small intestines are surrounded.
In the adult, however, as a rule, this arrangement disappears. Probably
adhesion of the layers of which the fcetal duplication is composed takes place,
and then absorption, and thus the arrangement is brought about which has been
described above as most frequently seen in the adult subject. It may be that
the foetal duplicature is drawn or pushed forwards from its place in the progress
of visceral development, and thus effaced.' *
The viscera thus shown to be almost entirely
Viscera covered by peritoneum.
invested by peritoneum are, the liver, stomach, spleen, first portion of the
duodenum, the jejunum and ileum, the transverse colon, the caecvim, sigmoid
flexure, upper half of the rectum, the uterus, and ovaries.
The viscera only partially invested
Viscera partially covered by peritoneum.
by peritoneum are, the descending and transverse portions of the duodenum, the
ascending and descending colon, the middle portion of the rectum, and the upper
The kidneys, suprarenal
part of the vagina and posterior wall of the bladder.
capsules, and pancreas are covered by the membrane without receiving any
:

'

—

—

special investment

from

it.

Viscera uncovered by peritoneum.
base,

and anterior surface

— The

lower end of the rectum, the neck
whole of the front, and the lower

of the bladder, the

part of the posterior wall of the vagina, have no peritoneal covering.
Numerous folds are formed by the peritoneum, extending between the various
organs.
These serve to hold them in position, and, at the same time, enclose
the vessels and nerves proceeding to each part.
Some of these folds are called
ligaments, from their serving to support the organs in position.
Others, which
connect certain parts of the intestine with the abdominal wall, constitute the
mesenteries and lastly, those which proceed from the stomach to certain viscera
in its neighbourhood are called omenta.
The Ligaments, formed by folds of the peritoneum, include those of the liver,
spleen, bladder, and uterus.
They will be found described with their respective
;

organs.

The Omenta are, the lesser omentum, the great omentum, and the gastro-omentum.
The lesser omentum {gastro-hepatic) is the duplicature which extends between

splenic

*

Quain's Anatomy, vol.

ii.

p. 485,

8th ed.
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the transverse fissure of the hver and the lesser curvature of the stomach.
It is
extremely thin, and consists of two layers of peritoneum; that is, the two
layers covering the anterior and posterior surfaces of the stomach.
When these
two layers reach the lesser curvature of the stomach, they join together and
ascend as the double fold to the transverse fissure of the liver to the left of this
fissure the double fold is attached to the fissure of the ductus venosus as far as
the Diaphragm, on which it extends to the oesophagus. The two layers here
;

separate to embrace the end of the oesophagus. At the right border the lesser
omentum is free, and the two layers of which it is composed are continuous.

The

which belongs to the greater sac, turns round the hepatic
become continuous with the posterior layer belonging to the lesser one.
They here form a free, rounded margin, which contains between its layers the
hepatic artery, the common bile-duct, the portal vein, lymphatics, and the hepatic
anterior layer,

vessels to

—

plexus of nerves all these structures being enclosed in loose areolar tissue,
called Glissons capsule.
Between the layers where they are attached to the
stomach lie the gastric artery and the pyloric branch of the hepatic, anastomosing
with it.
The great omentum (gastro-colic) is the largest peritoneal fold. It consists of
four layers of peritoneum, two of which descend from the stomach, one from its
anterior, the other from its posterior surface, and, uniting at its lower border,
descend in front of the small intestines, as low down as the pelvis they then
turn upon themselves, and ascend again as far as the transverse colon, where
they separate and enclose that part of the intestine. These separate layers may
be easily demonstrated in the young subject, but in the adult they are more or
less inseparably blended.
The left border of the great omentum is continuous
with the gastro-splenic omentum
its right border extends as far only as the
duodenum. The great omentum is usually thin, presents a cribriform appearance,
and always contains some adipose tissue, which in fat subjects accumulates in
considerable quantity. Its use appears to be to protect the intestines from the
cold, and to facilitate their movement upon each other during their vermicular
action.
Between its two anterior layers is the anastomosis between the right
;

;

and

left

The

gastro-epiploica arteries.

omentum is the fold which connects the concave surface of
the spleen to the cul-de-sac of the stomach, being continuous by its lower border
with the great omentum. It contains vasa brevia vessels.
The Mesenteries are, the mesentery proper, the meso-csecum, the ascending,
transverse, and descending meso-colon, the sigmoid meso-colon, and the mesogastro-splenic

rectum.

The mesentery

(fxea-ov,

€VT€pov), so called

from being connected

to the middle

the small intestine, is the broad fold of peritoneum which
connects the convolutions of the jejunum and ileum with the posterior wall of
the abdomen.
Its root, the part connected w^ith the vertebral column, is narrow,
about six inches in length, and directed obhquely from the left side of the second
lumbar vertebra to the right sacro-ihac symphysis (fig. 593). Its intestinal border
is much longer
and here its two layers separate, so as to enclose the intestine,
and form its peritoneal coat. Its breadth, between its vertebral and intestinal
Its upj^er border is continuous with the under
border, is about four inches.
surface of the transverse meso-colon: its lotve^- border, with the peritoneum
covering the cascum and ascending colon. It serves to retain the small intestines
in their -position, and contains between its layers the mesenteric vessels and
of the cylinder of

;

nerves, the lacteal vessels, and mesenteric glands.
The meso-ccscum serves to connect the back part of the caecum with the posterior wall of the abdomen, being continuous with the ascending meso-colon.
The ascending meso-colon is the fold which connects the back part of the
ascending colon with the posterior wall of the abdomen and the descending meso;

colon retains the descending colon in connection with the posterior abdominal
wall more frequently the peritoneum merely covers the anterior surface and
;
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At the place where the transverse
sides of these two portions of the intestine.
colon turns downw^ards to form the descending colon, a fold of peritoneum is continued upwards to the under surface of the Diaphragm opposite the tenth and
eleventh ribs. This is the phreno-colic ligament it passes below the spleen, and
serves to support this organ and prevent it moving.
The transverse meso-colon is a broad fold, w^hich connects the transverse colon
It is formed by the two ascending layers
to the posterior wall of the abdomen.
of the great omentum, which, after separating to surround the transverse colon,
;

—

Diagram devised by Dr. Delepine to show the lines along which the
peritoneum leaves the wall of the abdomen to invest the viscera.

Fig. 593.
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and are continued backwards to the spine, where they diverge in
duodenum. This fold contains between its layers the vessels which

it,

supply the transverse colon.
The sigmoid meso-colon is the fold of peritoneum which retains the sigmoid
flexure in connection with the left iliac fossa.
The meso-rectum is the narrow fold which connects the upper part of the
rectum with the front of the sacrum. It contains the superior hsemorrhoidal
vessels.

for 2
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The appendices epiploic^ are small pouches of the peritoneum filled with fat,
and situated along the colon and upper part of the rectum. They are chiefly
appended to the transverse colon.

of

The Stomach
The Stomach is the principal organ of digestion. It is the most dilated part
the ahmentary canal.
Its form is somewhat pyriform, curved upon itself,
and

presenting a rounded base, turned to the left side. It is placed, in part, immediately behind the anterior wall of the abdomen, and, in part, beneath the
liver
and Diaphragm and above the transverse colon. It is placed almost vertically
in the abdomen, with a slight obHquity from left to right, so that the
fundus
which projects upwards and to the left of the oesophageal opening touches the
Diaphragm, while the pyloric or lesser
extremity is directed downwards and
Fig. 594.— Diagrammatic outline of the
stomach,
to the right, so that the opening by
which the stomach communicates
Cardu
with the small intestine is situated
slightly to the right of the median
PulcriA.i
line of the body (fig. 594) the stomach
Xesser cuZde-sac
is situated, therefore, for the most
part, in the left hypochondriac region;
the pyloric exti^emity occupying, however, the epigastric region.
Its size
varies considerably in different subjects, and also according to its state

—

:

When moderately full its vertical diameter is about twelve inches,
transverse diameter about four. Its weight, according to Clendenning, is
about four ounces and a half. It presents for examination two extremities, two
orifices, two borders, and two surfaces.

of distension.
its

Its upper extremity is called the greater or splenic end.
This is the largest
part of the stomach, and extends two or three inches to the left of the point of
entrance of the oesophagus. This expanded part is called the great cul-de-sac or

fundus. It lies behind the lower ribs, in contact with the Diaphragm, and is
connected posteriorly to the spleen by the gastro-splenic omentum.
The lesser or pyloric end is much smaller than the fundus, and situated on a
plane anterior and inferior to it. It lies in contact with the wall of the abdomen,
and the under surface of the liver. Its position on the surface of the body varies
with the degree of distension of the organ. Near the pyloric end there is a double
bend in the stomach, attended by an appearance of constriction.
The distal
bend corresponds to the situation of the pyloric valve, and between the two
there is a bulging which is named the lesser cul-de-sac or antrum pylori.
The oesophageal or cardiac orifice communicates with the oesophagus, and is
the most fixed part of the stomach. It is situated on a level with the spine of
the ninth dorsal vertebra in front and to the left of the aorta.
The pyloric orifice communicates with the duodenum, the aperture being
guarded by a valve, the pylorus. This valve is formed by a thickening of the
they form a thick ring,
circular muscular fibres of the stomach in this situation
which can be felt from the outside. The mucous membrane is also thickened
where it is pushed in by the ring of muscular tissue. The position of the pylorus
;

;

movements of the stomach.
curvature extends between the oesophageal and pyloric orifices,
along the right border of the organ, and is connected to the under surface of the
liver by the lesser omentum.
The greater curvature extends between the same two points, along the left
The surfaces of the organ
border, and gives attachment to the great omentum.
are limited by these two curvatures.
The anterior surface is directed upwards and forwards, and is in relation

varies with the

The

lesser
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with the Diaphragm, the under surface
abdominal parietes when distended.

of the left lobe of the hver,

and with the

The posterior surface is directed downwards and backwards, and is in relation
with the Diaphragm, the spleen, the pancreas, the left kidney and suprarenal
capsule, and the transverse meso-colon, which separates it from the termination of
the duodenum and commencement of the rest of the small intestine.
The stomach is held in position by the lesser omentum, which extends from
the transverse fissure of the liver to its lesser curvature, and by a fold of peritoneum, which passes from the Diaphragm on to the oesophageal end of the
stomach, the q astro -phrenic ligament this constitutes the most fixed point of the
stomach, whilst the pyloric end and greater curvature are the most movable parts.
To its greater curvature is attached the great omentum, by which it is connected
:

to the transverse colon.

—

Alterations in Position. There is no organ in the body the position and connections
which present such frequent akerations as the stomach. When empty, it Has at the
back part of the abdomen, some distance ft'om the surface. Its pyloric end is situated
close to or very slightlj? to the right of the raiddle line, covered in front by the left lobe of
the hver, and being on a level with the lirst lumbar vertebra. The direction of the long
axis of tlie stomach, whilst in tliis condition, is a disputed point, some anatomists assertof

ing that

it is vertical, but the majority of authorities are agreed in maintaining that there
always a certain, though varying, obliquity from left to right. When empty, the
stomach assumes a more or less cjdindrical form, especiaUy noticeable at its pyloric end.
When the stomach is distended, its surfaces, which are flattened when the organ is empty,

is

become convex.

The greater curvature is elevated and carried forwards, so that the
anterior surface is turned more or less upwards and the posterior surface downwards, and
the stomach brought well against the anterior wall of the abdomen. Its fundus expands
and rises considerably^ above the level of the cardiac oi'ifice, in doing this the Diaphragm
is forced upwards, contracting the cavity of the chest
hence the dyspnoea complained of,
from inspiration being impeded. The apex of the heart is also tilted upwards hence the
oppression in this region and the palpitation experienced in extreme distension of the
stomach. The left lobe of the liver is pushed to the right side. When the stomach
becomes distended the change in the position of the pylorus is very considerable it is
shifted to the right, some two or three inches from the median line, and lies under cover
of the liver, near the neck of the gall-bladder.
In consequence of the distension of the
stomach the lesser cul-de-sac bulges over the pylorus, concealing it fr'om view, and causing it to undergo a rotation, so that its orifice is directed backwards. During insjyiration
the stomach is displaced downwards by the descent of the Diaphragm, and elevated by
the pressure of the abdominal muscles during expiration. Pressure from without, as
from tight lacing, pushes the stomach down towards the pelvis. In disease, also, the
position and connection of the organ laiay be greatly changed, from the accumulation of
fluid in the chest or abdomen, or from alteration in size of any of the surrounding viscera.
Variations according to age. In an early period of development the stomach is vertical,
and in the new-born child it is more vertical than later on in life, as owing to the large
size of the liver it is more pushed over to the left side of the abdomen, and the whole of the
anterior surface is covered by the left lobe of this organ.
;

;

;

—

On looking into the pyloric end of the stomach, the mucous membrane is
found projecting inwards in the form of a circular fold, the pylorus, leaving a
narrow circular aperture, about half an inch in diameter, by which the stomach
communicates with the duodenum.
The p)ylorus is formed by a reduplication of the mucous membrane of the
stomach, containing numerous muscular fibres, which are aggregated into a thick
circular ring
the longitudinal fibres and serous membrane being continued over
the fold without assisting in its formation. The aperture is occasionally oval.
Sometimes the circular fold is replaced by two crescentic folds, placed one above
and the other below the pyloric orifice and more rarely there is only one
;

:

crescentic fold.

—

Structure.
The stomach consists of four coats serous, muscular, areolar,
and mucous, together with vessels and nerves.
The serous coat is derived from the peritoneum, and covers the entire surface
of the organ, excepting along the greater and lesser curvatures, at the points of
attachment of the greater and lesser omenta,; here the two layers of peritoneum
leave a small triangular space, along which the nutrient vessels and nerves
:
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On

the posterior surface of the stomach, close to the cardiac orifice there
uncovered by peritoneum, where the organ is in contact with
the under surfaces of the Diaphragm.
The muscular coat' (fig. 596) is situated immediately beneath the serous
It consists of three sets of fibres
covering.
longitudinal, circular, and oblique.
The longitudinal fibres are most superficial they are continuous with the
longitudinal fibres of the oesophagus, radiating in a stellate manner from the cardiac
They are most distinct along the curvatures, especially the lesser, but
orifice.
pass.

is

also a small area

—

;

At the pyloric end they are more
and continuous with the longitudinal fibres of the small

are very thinly distributed over the surfaces.

thickly distributed,
intestine.

The

circular fibres form a uniform

stomach
Fig. 595.

beneath the longitudinal

layer

fibres.

over the whole extent of the
pylorus they are most

At the

— The mucous membrane of the stomach and duodenum with the

bile ducts.

Cystic duct

cavity,
abundant, and are aggregated into a circular ring, which projects into the
the
lyylonc
surface,
its
covering
and forms, with the fold of mucous membrane
valve.

the stomach, where
oblique fibres arehmited chiefly to the cardiac end of
some passmg
surfaces,
both
covering
they are disposed as a thick uniform layer,
left, round the cardiac end.
to
right
from
others
right,
to
obhquely from left

The

They are continuous with the circular fibres of the oesophagus.
areolar
The areolar or submucous coat consists of a loose, filamentous,
It supports the bloodtissue, connecting the mucous and muscular layers.
membrane hence it is
vessels previous to their distribution to the mucous
:

sometimes called the vascular coat.
The mucous membrane is thick

surface smooth, soft, and velvety.
^^ *^e
reddishor
red
a
of
and
end,
pyloric
of a pinkish tinge at the
;

fresh state

it

is

its
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brown colour over the rest of its surface. In infancy it is of a brighter hue, the
vascular redness being more marked. It is thin at the cardiac extremity, but
thicker towards the pylorus.
During the contracted state of the organ it is
thrown into numerous plaits or rugae, which, for the most part, have a longitudinal direction, and are most marked towards the lesser end of the stomach, and
along the greater curvature (fig. 595).
These folds are entirely obliterated
when the organ becomes distended.
Structure of the Mucous Membrane.
When examined with a lens, the inner

—

mucous membrane presents

a peculiar honeycomb appearance
from being covered with small shallow depressions or alveoli, of a polygonal
or hexagonal form, which vary from y-J^f to 2^^ of an inch in diameter, and are
separated by slightly elevated ridges.
In the bottom of the alveoli are seen
the orifices of minute tubes, the gastric follicles, which are situated perpendicularly side by side throughout the entire substance of the mucous membrane.
surface of the

The epithelium which covers the
stomach

is

a single layer of

Fig. 596.

surface

of

— The muscular coat

mucous membrane

the

columnar epithelium,

it

lines the alveoli

of the

and

of

the

also for

stomach.

mouths of the gastric follicles. This epithelium commences
very abruptly at the cardiac orifice, where the cells suddenly change in character
from the stratified epithelium of the oesophagus. The cells are elongated and
consist of two parts, the inner or attached portions being granular, and the outer
or free parts being clear and occupied by a muco-albuminous substance.
The gastric follicles are of two kinds, w^hich differ from each other in structure,
and it is believed also in the nature of their secretion. They are named respectively
pyloric and cardiac oxyntic glands.
They are both tubular in character, and
The
are formed of a delicate basement membrane, supporting epithelium.
basement membrane consists of flattened transparent endothelial cells, with
processes which extend and support the epithelium. The pyloric glands (fig.
597) are most numerous at the pyloric end of the stomach, and from this fact
have received their name.
They were formerly termed mucous glands, and
were supposed to secrete mucus but, as Klein points out, the cells are serous,
not mucous, and the secretion of the glands cannot therefore be mucus.' They
consist of two or three short, closed tubes opening into a common duct, the
a certain distance the

'

;

external orifice of which

is

situated at the bottom of an alveolus.

The

csecal
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tubes are wavy, and are of about equal length with the duct. The
tubes and
duct are lined throughout with epithelium, the duct being lined
by columnar
cells, continuous with the epithelium hning the surface of
the mucous membrane
of the stomach, the tubes with shorter and more cubical cells
which are finely
granular.
The cardiac glands (fig. 598) are found all over the surface of the
stomach, but occur most numerously at the cardiac end. Like the pyloric
glands
they consist of a duct, into which open two or more caecal tubes. The
duct,
however, in these glands is shorter than in the other variety, sometimes not

amounting to more than one-sixth of the whole length of the gland it is Kned
throughout by columnar epithelium.
At the point where the terminal tubes
open into the duct, and which is termed the neck, the epithelium alters, the cells
;

becoming much shorter, polyhedi-al and granular, and almost fill the tubercle, so
lumen becomes suddenly constricted, and is continued down as a very

that the
fine

channel.
Fig. 597.

They

are-

known

as the chief cells or central cells of the glands.

—Pyloric gland.

Fig

Cardiac gland.

Between these cells and the basement membrane are found other darker granularlooking cells, studded throughout the tube at intervals, and giving it a beaded or
varicose appearance.
These are known as the parietal or oxyntic cells.
Between the glands the mucous membrane consists of a connective-tissue
framework, with lymphoid

In places, this latter tissue, especially in
masses, which to a certain extent resemble the
solitary glands of the intestine, and are by some termed the lenticular glands
of the stomach.
They are not, however, so distinctly circumscribed as the
early

life, is

collected into

tissue.

little

solitary glands.
Beneath the mucous membrane, and between it and the
submucous coat, is a thin stratum of involuntary muscular fibre {mus.cularis
mucoscB), which in some parts consists only of a single longitudinal layer
in
others of two layers, an inner, circular, and an outer, longitudinal.
Vessels and Nerves.
The arteries supplying the stomach are the gastric, the
pyloric and right gastro-epiploic branches of the hepatic, the left gastro-epiploic
and vasa brevia from the splenic. They supply the muscular coat, ramify in the
;

—

:

.
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submucous

coat,

arrangement

and are

finally distributed to

of the vessels in the

the

mucous membrane

mucous membrane.
somewhat peculiar.

is

The
The

arteries break up at the base of the gastric tubules into a plexus of fine capillaries
which run upwards between the tubules, anastomosing with each other, and
ending in a plexus of larger capillaries, which surround the mouths of the tubes,
and also form hexagonal meshes around the alveoli. From these latter the veins
arise, and pursue a straight course backwards, between the tubules, to the
submucous tissue, and terminate either in the splenic and superior mesenteric
The lymphatics are numerous they consist
veins, or directly in the portal vein.
of a superficial and deep set, which pass through the lymphatic glands found
along the two curvatures of the organ. The nerves are the terminal branches of
the right and left pneumogastric, the former being distributed upon the back,
and the latter upon the front part of the organ. A great number of branches
from the sympathetic also supply the organ.
;

—

Surface Form. -The stomach lies for the most part in the left hypochondriac region,
but also slightly in the epigastric region, and is partly in contact with the abdominal wall,
partly under cover of the lower ribs on the left side, and partly under tlie left lobe of the
Its cardiac orifice is behind tire seventh costal cartilage of the left side, about
hver.
one inch from its junction with the sternum, on a level with the tenth dorsal vertebra.
The pyloric orifice is in a vertical line drawn from the riglit border of the sternum, two
and a half or three inches below the level of the sterno-xiphoid articulation. According
to Braune, when the stomach is distended, the pylorus moves considerably to the riglit, as
much sometiines as three inches. The lesser curvature of the stoinach is represented by
a curved line with its convexity downwards from the cardiac to the pyloric extremities;
the greater curvature by a similarly ciuned line between the same points, but with a
curve of much greater extent, so that its lowest point reaches a horizontal line drawn
between the tips of tlie tenth costal cartilages. The fundus of the stomach reaches, on
the left side, as higli as the level of the sixth chondro-sternal articulation, being a little
below and behind the apex of the heart. The portion of the stomach which is in contact
with the abdominal walls, and is therefore accessible for opening in the operations of
gastrotomy and gastrostomy, is represented by a triangular space, the base of which is
formed by a line drawn from the tip of the tenth costal cartilage on the left side to the
tip of the ninth costal cartilage on the right, and the sides by two lines drawn from the
extremity of the eighth costal cartilage on the left side to the ends of the base line.
Surgical Anatomy. Operations on the stomach are frequently performed. By
gastrotomy is meant an incision into the stomach for the removal of a foreign body,
the opening being immediately afterwards closed in contradistinction to gastrostomy,'
the making of a more or less permanent fistulous opening.
Gastrotomy is probably best
performed by an incision in the linea alba, especiaUy if the foreign body is large, by a cut
from the ensiform cartilage to the umbilicus but may be performed by an incision over
the body itself, where this can be felt, or by one of the incisions for gastrostomy, to be
mentioned immediately. The peritoneal cavity is opened, and the point at which the
stomach is to be incised decided upon. This portion is then brought out of the abdommal
wound and sponges carefully packed around. The stomach is now opened hj a transverse
incision and the foreign body extracted.
The wound in the stomacli is then closed by
Lembert's sutures, i.e. by sutures passed through the peritoneal and muscular coats in
such a way that the peritoneal surfaces on each side of the wound are brought into
apposition, and in this way tlie wound is closed.
Gastrostomy is performed in two
stages.
The first stage consists in opening the peritoneal cavity and stitching the stomach
to .the abdominal wall.
The second stage consists in ox^ening the stomach, after a few
days have elapsed, and adhesions formed between the peritoneal surfaces of the stomach
and abdominal wall. The operation is usually performed by an oblique incision, about
one finger's breadth below and parallel with the margin of the left costal cartilages,
commencing an inch and a half from the median line and being about three inches in
length.
Some surgeons prefer a straight incision, beginning opposite to the end of the
eighth intercostal space, and passing down for three inches over the Rectus abdominis
muscle. The skin, fasciae, and muscles are to beseverally divided down to the peritoneum.
Howse recommends that the sheath of the Rectus should be opened longitudinally and the
fibres of this muscle separated, and not cut, in the same direction, so as to secure a
sphincter-like action around the opening. After the peritoneum has been opened, the
stomach is recognised by its pink red colour and smooth surface. It is to be pulled up
into the wound and sutured to the opening.
This may be done in several ways, but in
whatever way it is done the following points should be careftiUy attended to. (i) In
taking up the stomach, only to pass the needle through the serous and muscular coats,
and avoid puncturing the mucous membrane. (2) To take up plenty of the muscular coat.
(3) In passing the needle through the parietes of the abdomen, to be careful to include
the parietal peritoneum.
(4) To enclose a circle of the stomach at least an inch in

—

'

'

—

;

'
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the parts are noAV to be

left qviiet for

four or five

then to be made through the exposed portion of the stomach
and a gum elastic catheter passed through it into the viscus, through which fluid can be
injected, in small quantities at first.
In more urgent cases it may be necessary to make
the opening miich earlier.
In cases of perforation of gastric ulcer an attempt has been made, in many cases, to
close the perforation, and when this has been done before acute peritonitis has actually
been established, a very large measure of success has during the last two or three years
been obtained. The operation consists in opening the abdomen, and having found the
perforation, which is usually on the anterior surface of the stomach, closing it by Lembert's
sutures, so that a considerable portion of the peritoneum around the perforation is brought
days,

and a small pmicture

is

together.

Excision of the pylorus has occasionally been performed, hut the results of this operaby no means favourable, and, in cases of cancer of the pylorus, gastro-enterostomy
is generally preferred.
The object of this operation is to make a fistulous communication
between the stomach, on the cardiac side of the disease, and the small intestine, as hio-h
tion are

up as

is

possible.

Digital dilatation of the pylorus for simple strictixre was first performed by Loreta.
He exposed the stomach and opened it by a transverse incision near the pylorus. He
then inserted the forefingers of both hands and passed these through the pylorus and
stretched it with some degree of force.
The operation has now, however, dropped out of
use and been replaced by pyloro-plasty. This operation consists in making a longitudinal
incision from the stomach through the pylorus into the duodenum, and converting this longitudinal incision into a transverse one by traction at the centre of the incision, and retaining it permanently in this position by sutures. W. H. Bennett has recently treated
dilatation of the stomach by exposing it and making a fold by tui-ning in a portion of the
"anterior wall and sewing the edges of the fold together.

The Small Intestine
The small intestine is a convoluted tube, about twenty feet in length,* which
gradually diminishes in size from its commencement to its termination. It is
contained in the central and lower parts of the abdominal and pelvic cavities,
surrounded above and at the sides by the large intestine it is in relation, in
and connected to the
front, with the great omentum and abdominal parietes
The small intestine is divisible
spine by a fold of peritoneum, the mesentery.
into three portions
the duodenum, the jejunum, and ileum.
;

;

—

its name from being about equal in length to the
breadth of twelve fingers (ten inches). It is the shortest, the widest, and the
most fixed part of the small intestine it has no mesentery, and is only partially
covered by the peritoneum. Its course presents a remarkable curve, somewhat
like a horseshoe in form, when the stomach is distended, but almost a complete
circle when the stomach is empty.
The convexity of the curve is directed
towards the right and the concavity to the left, embracing the head of the
pancreas. Commencing at the pylorus, it passes obliquely upwards and backwards to the right, to the under surface of the liver it then descends in front of
the right kidney to the level of the third lumbar vertebra it now takea a bend

The duodeimm has received

;

;

;

and passes across the front of the vertebral column from right to left,
and finally ascends on the left side of the aorta to the level of the upper border
Hence the
of the second lumbar vertebra, and there terminates in the jejunum.

to the

left,

duodenum may be divided
portions

for

purposes of anatomical description into four

— superior, descending, transverse, and ascending.

The first, or superior portion (fig. 577), about two inches in length, is free,
movable, and completely covered by peritoneum near the pylorus, but only
covered in front as it approaches the liver. It varies in direction according to
the degree of distension of the stomach. When this organ is empty it commences
* Treves states that, in one hundred cases, the average length of the small intestine in
the adult male was 22 feet 6 inches, and in the adult female 23 feet 4 inches but that it
varies very much, the extremes in the male being 31 feet 10 inches in one case, and
He states that he has convinced
15 feet 6 inches in another, a difference of over 15 feet.
himself that the length of the bowel is independent, in the adult, of age, height, and
weight.
:

,
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•

near the middle line of the body and passes obliquely upwards and backwards
to the right to the neck of the gall-bladder, where it takes a sudden turn downFiG. 599.

— Relations of duodenum, pancreas and spleen.

From

a cast by

Professor Birmingham.*
Ilejjahc ai

tei

ij

and

duct and portal vein

Supra-renal capsulp

Tt

iLiitai

1/

to

(

nin

cm

a

'

Crura of diapl

^

Bt renal vesseh

Ga&tuc

arfer

v;

Int. iltac aite)i)

The dotted

^_^

-.^

line represents the

hue

ot

^

''

attachment of the transverse meso-colon.

wards to become the second portion. When the stomach
sequence of the shifting of the position of the pylorus, the
In the subject froin which the cast was taken the

left

is

distended in conportion of the

first

kidney was lower than normal.

;
;

THE SMALL INTESTINE
duodenum becomes

shortened, and

tion in the second portion.

975

directed almost backwards to its terminaabove and in front, with the quadrate
behind, with the vessels which run between

it is

It is in relation,

lobe of the liver and the gall-bladder
the layers of the lesser omentum, viz. the hepatic artery and duct and vena porta.
This portion of the intestine is usually found, after death, stained with bile,
;

especially

on

its

The second,

anterior surface.
or descending portion, about three inches in length,

firmly fixed

is

by the peritoneum and pancreas. It passes from the neck of the gall-bladder
vertically downwards, in front of the right kidney, as far as the thu^d lumbar
It is covered by peritoneum only on its anterior surface.
vertebra.
It is in
relation, in front, with the right arch of the colon and the meso-colon
behind,
with the front of the right kidney, to which it is connected by loose areolar tissue,
and the renal vessels and vena cava inferior at its inner side is the head of the
pancreas, and the ductus communis choledochus. The common bile-duct and
;

;

the pancreatic duct perforate the inner side of this
obliquely, a little below its middle.

The

portion

of

the intestine

and narrowest part of the duolumbar vertebra, passes across
the front of the spine, with a slight inclination upward, to the left side, and ends
in the fourth portion just to the left of the abdominal aorta.
In front it is
covered by peritoneum, which in the middle line is separated from the bowel by
the superior mesenteric vessels which cross this portion of the duodenum
behind, it rests upon the aorta, the vena cava inferior, and the crura of the
third, or transverse portion, the longest

denum, beginning on the right

Diaphragm

;

above

it is

side of the third

the lower border of the pancreas, the superior mesenteric

vessels passing forwards between the two.

The

from one to two inches long. It ascends on
column as far as the level of the upper border of the
second lumbar vertebra, where it turns abruptly forwards to become the jejunum.
It is covered entirely in front. and partly at the sides by peritoneum
on the left
side the peritoneum forms a triangular pouch with its base upwards, the fossa
This pouch is of importance in connection with retro-periduodeno-jejunalis.
toneal hernia.
The fourth portion of the duodenum rests on the left Psoas
muscle. It is fixed in position by a band which extends upwards from it,
obliquely across the aorta to the connective tissue around the coeliac axis and
the left crus of the Diaphragm, and is termed the musculus suspensorius duodeni,
from possessing, according to Treitz, plain muscular fibres, mixed with the
fibrous tissue of which it is principally made up.
Vessels and Nerves.
The arteries supplying the duodenum are the pyloric
and pancreatico-duodenal branches of the hepatic, and the inferior pancreaticoduodenal branch of the superior mesenteric. The veins terminate in the splenic
and superior mesenteric. The nerves are derived from the solar plexus.
The jejunum {jejunus, empty), so called from its formerly having been
supposed to be empty after death, includes the upper two-fifths of the small
intestine below the duodenum.
It commences at the duodenum on the left side
of the upper border of the second lumbar vertebra, and terminates in the ileum
its convolutions being chiefly confined to the umbilical and left iliac regions.
The jejunum is wider, its coats thicker, more vascular, and of a deeper colour
than those of the ileum but there is no characteristic mark to distinguish the
termination of the one and the commencement of the other.
The ileum {elXelv, to twist), so called from its numerous coils or convolutions,
the

fourth, or ascending portion, is

left side of

the vertebral

;

—

;

includes the remaining three-fifths of the small intestine. It occupies chiefly
the umbilical, hypogastric, right iliac, and occasionally the pelvic regions, and
terminates in the right ihac fossa by opening into the inner side of the commencement of the large intestine. The ileum is narrower, its coats thinner and less
vascular than those of the jejunum a given length of it weighing less than the
;

same length

of the

jejunum.

Meckel's diverticulum.

— Occasionally there may be found connected with the

:
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lower part of the ileum, from one to three feet from its termination, a blind
diverticulum or tube, varying in length. It is attached to and communicates with
the free margin of the bowel by one extremity, and by the other is unattached or
may be connected with the abdominal wall or some other portion of the intestine
by a fibrous band. This is Meckel's diverticulum, and represents the remains
of the vitelline duct, or duct of communication between the umbilical vesicle and
the alimentary canal (see page 82).
The wall of the small intestine is composed of four coats serous,
Structure.

—

—

muscular, areolar, and mucous.
The serous coat is derived from the peritoneum. The first or ascending
portion of the duodenum is almost completely surrounded by that membrane
the second or
near its pyloric end, but only in front at the other extremity
descending portion is covered by it only in front and the third or transverse
portion lies behind the peritoneum, which passes over it, without being closely
incorporated with the other coats of this part of the intestine, and separated
from it in the middle line by the superior mesenteric artery. The remaining
portion of the small intestine is surrounded by the peritoneum, excepting along
here a space is left for the vessels and nerves
its attached or mesenteric border
to pass to the gut.
The muscular coat consists of two layers of fibres, an external or longitudinal,
;

;

;

and an internal or

The

circular layer.

longitudinal fibres are thinly scattered

over the surface of the intestine, and are more distinct along its free border.
The circular fibres form a thick, uniform layer they surround the cylinder of
the intestine in the greater part of its circumference, and are composed of plain
muscle cells of considerable length. The muscular coat is thicker at the upper
than at the lower part of the sm-all intestine.
The areolar or submucous coat connects together the mucous and muscular
It consists of loose, filamentous areolar tissue, which forms a nidus for
layers.
the subdivision of the nutrient vessels, previous to their distribution to the mucous
;

surface.

The mucous me7nbrane is thick and highly vascular at the upper part of the
small intestine, but somewhat paler and thinner below.
It consists of the
following structures next the areolar or submucous coat is a layer of unstriped
muscular fibres, the muscularis mucosce internal to this is a quantity of retiform
tissue, enclosing in its meshes lymph-corpuscles, and in which the blood-vessels
and nerves ramify. Lastly, a basement membrane, supporting a single layer of
:

;

which throughout the intestines are columnar in character. They
and possess a clear oval nucleus. At their superficial
or unattached end they present a distinct layer of highly refracting material,
marked by vertical striae, which were formerly believed to be minute channels,
by which the chyle was taken up into the interior of the cell, and by them
transferred to the lacteal vessels of the mucous membrane.
The mucous membrane presents for examination the following structures,
epithelial cells,

are granular in appearance,

contained within

it

or belonging to

it

Valvule conniventes.

[Duodenal glands.

Glands

Villi.

Simple

follicles.

•

-;

Solitary glands.

(Agminate or Peyer's glands.

The valvulse conniventes (valves of Kerkring) are large folds or valvular flaps
projecting into the lumen of the bowel.
They are composed of reduplications
or folds of the

mucous membrane, the two

by submucous

tissue

layers of the fold being bound together
they contain no muscular fibres, and therefore, unlike the
folds in the stomach, they are permanent, and are not obliterated when the
intestine is distended.
They extend transversely across the cylinder of the
intestine for about one-half or two-thirds of its circumference.
The larger folds
are about two inches in length, and one-third of an inch in depth at their broadest
:
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but the greater number are of smaller size. The larger and smaller
folds
alternate with each other.
They are not found at the commencement of the
duodenum, but begin to appear about one or two inches beyond the pylorus. In
the lower part of the descending portion, below the point where the common
choledic and pancreatic ducts enter the intestine, they are very large and closely
approximated. In the transverse portion of the duodenum and upper half of
the
jejunum they are large and numerous and from this point, down to the middle
of the ileum, they diminish considerably in size.
In the lower part of the ileum
they almost entirely disappear hence the comparative thinness of this portion
of the intestine, as compared with the duodenum and jejunum.
The valvular
part

;

;

;

Fig. 600.

—Diagrammatic section of a

villus.

(Watney.)

Epithelium only partially shaded in. I. Central chyle-vessel ; the cells forming the vessel have been less shaded
to distinguish them ft-om the cells of the parenchyma of the villus, m. Muscle-fibres running up by the side of the
chyle-vessel. It will be noticed that each muscle-fibre is surrounded by the reticulum, and by this reticulum the
muscles are attached to the cells forming the membrana propria, as at e', or to the reticulum of the viUvis.
Ic. Lymph-corpuscles, marked by a spherical nucleus and a clear zone of protoplasm.
V. Upper limit of the chylevessel,
e, e, e'. Cells forming the membrana propria.
It wiU be seen that there is hardly any diflfereuce between
the cells of the parenchyma, the endothelium of the upper part of the chyle- vessel, and the cells of the membrana
propria. V. Blood-vessels, z. Dark line at the base of the epithelium "formed by the reticulum. It wiU be seen
that the reticulum penetrates between all the other elements of the villus. The reticulum contains thickenings or
nodal points.' The diagram shows that the cells of the upper part of the villus are larger and contain a larger zone
of protoplasm than those of the lower part. The cells of the upper part of the chyle-vessel differ somewhat from
those of the lower part, in that they more nearly resemble the cells of the parenchyma.

ep.

'

conniventes retard the passage of the food along the intestines, and afford a
more extensive surface for absorption.
The villi are minute, highly vascular processes, projecting from the mucous
membrane of the small intestine throughout its whole extent, and giving to its
surface a velvety appearance.
In shape some are triangular and laminated,
They are
others conical or cylindrical, with clubbed or filiform extremities.
largest and most numerous in the duodenum and jejunum, and become fewer
and smaller in the ileum. Krause estimates their number in the upper part of
the small intestine at from fifty to ninety in a square line and in the lower part
from forty to seventy the total number for the whole length of the intestine
being about four millions.
Structure of the villi (fig. 600). The structure of the villi has been studied
recently by many eminent anatomists.
We shall here follow the description of
;

;

—

3E

;
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Dr. Watney,* whose researches have a most important bearing on the physiology
of the absorption of fat, which is the pecuhar function of this part of the intestine.
The essential parts of a villus are, the lacteal vessel, the blood-vessels, the
epithelium, the basement membrane and muscular tissue of the mucosa, these
structures being supported and held together by retiform lymphoid tissue.
These structures are arranged in the following manner. Situated in the centre
villus is the lacteal, terminating near the summit in a blind extremity
the
of

surrounding it is a
this vessel are unstriped muscular fibres
plexus of capillary vessels, the whole being enclosed by a basement membrane,
supporting columnar epithelium. Those structures which are contained within
the basement membrane namely, the lacteal, the muscular tissue, and the
blood-vessels are surrounded and enclosed by a delicate reticulum which forms
the matrix of the villus, and in the meshes of which are found large flattened
These
cells, with an oval nucleus, and, in smaller numbers, lymph-corpuscles.
latter are to be distinguished from the larger cells of the villus by their behaviour

running along

;

—

—

Fig. 6oi.

—

Villi of

small intestine.

(Cadiat.)

Cainllcmes

Lymph

trunk

-

Capillaries

Lymph

Small artery

trunk

Lymphatic plexus

with reagents, by their size, and by the shape of their nucleus, which is spherical.
Transitional forms, however, of all kinds are met w^ith between the lymphcorpuscle and the proper cells of the villus.
Nerve-fibres are contained within
the villi they form ramifications throughout the reticulum.
The lacteals are in some cases double, and in some animals multiple. Situated
in the axis of the villi, they commence by dilated cgecal extremities near to, but
not quite at, the summit of the villus.
The walls are composed of a single layer
of endothelial cells, the interstitial substance between the cells being continuous
with the reticulum of the matrix.
The muscular fibres are derived from the muscularis mucosae, and are arranged
in longitudinal bundles around the lacteal vessel, extending from the base to the
:

summit of the villus, and giving off, laterally, individual muscle-cells, which are
enclosed by the reticulum, and by it are attached to the basement membrane.
The blood-vessels form a plexus between the lacteal and the basement
membrane, and are enclosed in the reticular tissue. In the interstices of the
capillary plexus, which they form, are contained the cells of the villus.
*

Phil. Trans, vol. clxvi. pt.

ii.
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These structures are surrounded by the basement membrane, which is made
stratum of endothehal cells, and upon which is placed a layer of columnar
The reticulum of the matrix is continuous through the basement
epithelium.
membrane (that is, through the interstitial substance between the individual
endothelial cells) with the interstitial cement-substance of the columnar cells
on the surface of the villus. Thus we are enabled to trace a direct continuity
between the interior of the lacteal and the surface of the villus by means of the
reticular tissue, and it is along this path that, according to Dr. Watney, the
chyle passes in the process of absorption by the villi. That is to say, it passes
through the interstitial substance between the epiFig. 602
Transverse secthelium cells, through the interstitial substance of
tion of crypts of Lieberreticukim
membrane,
the
of
the
basement
the
ktihn.
(Klein and Noble
matrix, and the interstitial substance between the
Sraitli
endothelial plates of the lacteal, all which structures
have been shown to be continuous with one another,
and being probably semi-fluid do not offer any
obstacle to the passage of the molecular basis of
up

of a

—

the chyle.

The simple

follicles, or crypts of Lieberkuhn
602, 603), are found in considerable numbers
over every part of the mucous membrane of the
{figs.

They consist of minute tubular
small intestine.
depressions of the mucous membrane, arranged
perpendicularly to the surface, upon which they
open by small circular apertures. They may be seen with the aid of a lens,
Their walls
their orifices appearing as minute dots, scattered between the villi.
are thin, consisting of a layer of basement membrane (which is, in fact, an
endothelial membrane) lined by columnar epithehum, and covered on their
exterior

by capillary

vessels.

The duodenal or Brumier's glands are limited to the duodenum and commencement of the jejunum. They are small, flattened, granular bodies, embedded
in the submucous areolar tissue, and open upon the surface of the mucous
membrane by minute excretory ducts. They are most numerous and largest
near the pylorus. They may be compared to the elementary lobules of a salivary
gland spread out over a broad surface, instead of being collected in a mass.
Fig.

603.— Longitudinal

Goblet-cells seen
section of crypts of Lieberkiihn.
(Klein and Noble Smith.)
epithelial cells.

among

the

columnar

They

consist of a

a single duct

number

of tubular alveoh, lined

on the inner surface

by epithehum, and opening by

of the intestine.

The solitary glands {glandidcB solitaria) are found scattered throughout the
mucous membrane of the small intestine, but are most numerous in- the lower
part of the ileum.
They are small, round, whitish bodies, from half a line to a
line in diameter.
Their free surface is covered with vilh, and each gland is
surrounded by the openings of the follicles of Lieberkuhn. They are_ now
recognised as lymph-foUicles, and consist of a dense interlacing retiform tissue,
closely packed with lymph-corpuscles, and permeated with an abundant capillary
network (fig. 604). The interspaces of the retiform tissue are continuous with
larger lymph-spaces at the base of the gland through which they communicate
3

B

2

i
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They are situated partly in the submucous tissue,
mucous membrane, where they form slight x^i'ojections of its
The villi which
epithelial layer, after having penetrated the muscularis mucosae.
are situated on them are generally
Fig. 604. — Transverse section through the
absent from the very summit (or
with the lacteal system.

partly in

the

eqiiatorial plane of three of Payer's follicles

'

from the

rabbit.

Frey

cupola,'

calls

of

it)

the

gland.

,JU
CajnUary vettuork

Peyer's glands

(figs. 604 to 607)
be regarded as aggregations of|

may

solitary glands,

forming circular

or[

oval patches from twenty to thirty in
number, and varying in length fromi
half an inch to four inches. They

I

are largest and most

numerous

in the

In the lower part of the
jejunum they are small, of a circular!
form, and few in number. They are!
occasionally seen in the duodenum.
ileum.

They

are placed lengthwise in

thej

intestine, covering the portion of the,

tube most distant from the attachment!
of the mesentery.
Each patch is

formed

of a group of the abovedescribed solitary glands covered with;

mucous

membrane, and

in

almost!

every respect are similar in structure'
They do not, however, as aj
to themi.
rule, possess villi on their free surface.
Each patch is surrounded by a circle of
the crypts of Lieberklihn. They are best marked in the young subject, becoming
indistinct in middle age, and sometimes altogether disappearing in advanced life.
They are largely supplied with blood-vessels, which form an abundant plexus
around each follicle, from which fine branches are given off which permeate the
lymphoid tissue in the interior of the follicle. The lacteal plexuses which are

—

Fig. 605.
Patch of Peyer's glands.
From the lower part of the ileum.

/C'-

Fig. 606.

-A portion of the aboY(
magnitied.
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found throughout the small intestine are especially abundant around these
patches here they form rich plexuses with sinuses around the glands (fig. 607)
Vessels and Nerves.— The jejunum and ileum are supplied by the superior'
mesenteric artery, tJie branches of which, having reached the attached border
of the bowel, run between the serous and muscular coats, with frequent inoscula;
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ions to
,

tinning

the free border, where they also anastomose with other branches
round the opposite surface of the gut. From these vessels numerous

Fig. 607.

'

981

—Vertical section of one of Peyer's patches from man, injected through

its

lymphatic canals.

with their chyle-passages, b. Follicles of Lieberkiihn. c. Mnscularis mncosss. d. Cupola or apex of solitary
e. Mesial zone of glauds. ,/. Base of glands,
g. Points of exit of the chyle-passages from the villi, and
intrance into the true mucous membrane, h. Retiform arrangement of the lymphatics in the mesial zone.
Course of the latter at the base of the glands, k. Confluence of the lymphatics opening into the vessels of the
ubmucous tissue. I. Follicular tissue of the latter.
Villi

jlands.

.

Fig. 608.

— Meissner's plexus.

(Klein and Noble Smith.

Single ganglion-cell

which pierce the muscular coat, supplying it and forming
submucous tissue. From this plexus minute vessels
the glands and villi of the mucous membrane. The veins have a similar

'inches are given
i

off,

intricate plexus in the

1|JS

to
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course and arrangement to the arteries. The lymphatics of the small intestine
(lacteals) are arranged in two sets, those of the villi and those of the muscular
coat.
The lymphatics of the villi commence in these structures in the manner
described above, and form an intricate plexus in the mucous and submucous
tissue, being joined by the lymphatics from the lymph-spaces at the bases of the
solitary glands,

and from

this pass to larger vessels at the mesenteric border of

The lymphatics of the muscular coats are situated to a great extent
between the two layers of muscular fibres, where they form a close plexus, and
throughout their course communicate freely with the lymphatics from the mucous
membrane, and empty themselves in the same manner into the commencement
the gut.

of the lacteal vessels at the attached

border of the gut.
nerves of the small intestines are derived from the plexuses of sympathetic
nerves around the superior mesenteric artery. Prom this source they run to a

The

plexus of nerves and gangha situated between the circular and longitudinal
muscular fibres (Auerbach's plexus), from which the nervous branches are distributed to the muscular coats of the intestine.
Prom this plexus a secondary
plexus is derived (Meissner's plexus), which is formed by branches which have
perforated the circular muscular fibres ^fig- 608).
This plexus lies between the

muscular and mucous coats of the intestine. It is also ganghated,
the ultimate fibres pass to the muscularis mucosae and to the villi

and from it
and mucous

membrane.

The Labge Intestine
The
is

about

canal.

large intestine extends from the termination of the ileum to the anus.
It
five feet in length, being one-fifth of the whole extent of the intestinal
It is largest at its commencement at the C£ecum, and gradually diminishes

as
Fig. 609.

open

to

—The caecum and colon laid
show the

ileo-csecal valve.

far

as

the rectum, where there

is

a

dilatation of considerable size just above

the anus.

It differs

from the small

more

testine in its greater size, its

and

in-

fixed

sacculated form.
The
its course, describes an
arch, which surrounds the convolutions of
the small intestine. It commences in the
right inguinal region, in a dilated part, the
cacum.
It ascends through the right
lumbar and hypochondriac regions to the
under surface of the liver; passes transversely across the abdomen on the confines
of the epigastric and umbilical regions, to
the left hypochondriac region
descends
through the left lumbar region to the left
iliac fossa, where it becomes convoluted,
position,

its

large intestine, in

;

and forms the sigmoid flexure

finally

;

enters the pelvis, and descends along

it

its

the anus.
The large
divided into the caecum, colon,

posterior wall to
intestine

is

and rectum.
The caecum

(csecus, blind) is the large

blind pouch, or cul-de-sac,
large intestine commences

in
(fig.

which the
609).

It

the most dilated part of the tube, measuring about two and a half inches, both
in its vertical and transverse diameters.
usually
Its position varies somewhat
it is found lying upon the Psoas muscle, and so placed that its apex or lowest
point is just projecting beyond the inner border of that muscle, corresponding
to a point a little to the inner side of the middle of Poupart's hgament.
Someis

;
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times, however, it is situated external to this, in the right iliac fossa, in relation
with the Ihacus muscle and at other times it Hes internal to both Psoas and
IHacus, either resting on the pelvic brim, or altogether contained within the
pelvis.
It is entirely enveloped on all sides by peritoneum, which, after enclosing
it, is reflected on to the posterior wall of the abdomen, being continuous with
the ascending meso-colon, when this fold exists. The ciEcum, therefore, lies
quite free in the abdominal cavity, and enjoys a considerable amount of movement. On its inner side it is joined by the ileum, while attached to its lower
and back part is the appendix vermiformis.
The appendix vermiformis is a long, narrow, worm-shaped tube, the rudiment
of the lengthened cfficvim found in nearly all the mammalia.
The appendix
varies from three to six inches in length, its average diameter being about equal
to that of a goose-quill.
It is usually directed upwards and inwards behind the
caecum, coiled upon itself, and terminates in a blunt point being retained in its
position by a fold of peritoneum, which sometimes forms a mesentery for it.
Its canal is small, and communicates with the csecum by an orifice, which is
placed below and behind that of the ileum. It is sometimes guarded with an
incomplete valve formed of a fold of mucous membrane. Its coats are thick,
and its mucous lining furnished with a large number of solitary glands.
In the neighbourhood of the caecum, and especially in the vicinity of the ileocaecal valve, are certain pouches of peritoneum or fossae, which are of surgical
importance.
Three of these fossae may be mentioned.
The ileo-colic fossa
(superior ileo-caecal) is situated at the junction of the ileum and colon, in the
angle between the ascending colon which forms the outer boundary of the pouch,
and the ileum which forms the lower boundary. Often a fold of peritoneum,
arching over a branch of the ileo-colic artery, roofs in this angle and thus forms
a pouch, the floor of which is formed by the mesentery.
The ileo-ccecal fossa
(inferior ileo-caecal) is situated behind the angle of junction of the ileum and
caecum. It is formed by a fold of peritoneum (ileo-caecal fold), which extends
from the border of the ileum, and, passing over the ileo-caecal junction, joins the
mesentery of the appendix. Between this fold and the appendix is the fossa,
which is bounded to the right by the ascending meso-colon, and to the left by
the mesentery. It may extend a considerable distance upwards, behind and
Tlh.Q suhccBcal fossa (retro-cgecal) is situated immediately
parallel with the colon.
beneath the caecum, which has to be raised to bring it into view. It lies close
to the ileo-caecal fossa, from which it is separated by the meso-caecum and
ascending meso-colon. It is not so constant as either the ileo-caecal or ileo;

.

;

colic fossae.

Hernia of the vermiform appendix into one of these pouches frequently takes place,
escape the search of the surgeon were he not
it is often concealed and might
Moreover, a herniated appendix into one of these pouches
familiar with their existence.
The presence of these pouches also explains the
is very liable to become strangulated.
course which pus has been known to take in cases of perforation of the appendix, where
it travels upwards behind the ascending colon as far as the Diaphragm.*

when

—

Ileo-caecal valve.
The lower end of the ileum terminates at the inner and
back part of the large intestine, opposite the junction of the caecum with the
colon.
At this point the mucous membrane forms two valvular folds, which
project into the large intestine, and are separated from each other by a narrow
elongated aperture.
These folds form the ileo-caecal valve {valvula Bauhini).
Each fold is semilunar in form. The upper one, nearly horizontal in direction,
is attached by its convex border to the point of junction of the ileum with the
colon the lower segment, to the point of junction of the ileum with the caecum.
Their free concave margins project into the intestine, separated from one another
by a narrow slit-like aperture, directed transversely. At each end of this
;

*

On

the anatomy of these

fossae, see

Journal of Anatomy and Physiology,

a paper by Dr. EoUeston and Mr. Lockwood,

vol. xxvi. p. 130.

—
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aperture the two segments of the valve coalesce, and are continued as a narrow
ridge around the canal of the intestine for a short distance, forming
The left or anterior end of this aperture
the frcena, or retmacula, of the valve.
the right or posterior end is narrow and pointed.
is rounded

membranous
;

Each segment of the valve is formed by a
membrane and of the circular muscular fibres of

reduplication of the mucous
the intestine, the longitudinal
fibres and peritoneum being continued uninterruptedly across from one intestine
When these are divided or removed, the ileum may be di^awn outto the other.
wards, and all traces of the valve will be lost, the ileum appearing to open into
the large intestine by a funnel-shaped orifice of large size.

The surface of each segment of the valve directed towards the ileum is covered
with villi, and presents the characteristic structure of the mucous membrane of
the small intestine whilst that turned towards the large intestine is destitute of
villi, and marked with the orifices of the numerous tubular glands peculiar to the
membrane in the large intestine. These differences in structure continue as far
;

as the free

When

margin

of the valve.

the caecum

is

distended, the margins of the opening are approximated

so as to prevent any reflux into the ileum.
The colon is divided into four parts the ascending, transverse, descending,

—

and the sigmoid flexure.
The ascending colon is smaller than the csecum.

commencement

It

passes upwards, from

its

under surface
of the liver, on the right of the gall-bladder, where it bends abruptly inwards
It is retained in contact with the
to the left, forming the hepatic flexure.
posterior wall of the abdomen by the peritoneum, which covers its anterior
surface and sides, its posterior surface being connected by loose areolar tissue
with the Quadratus lumborum, right kidney, and descending portion of the
duodenum (figs. 610 and 611): sometimes the peritoneum almost completely
It is in relation, in
invests it, and forms a distinct but narrow meso-colon.*
front, with the convolutions of the ileum and the abdominal parietes
behind
it lies on
the Quadratus lumborum muscle, right kidney and descending
portion of the duodenum.
at the caecum, opposite the ileo-csecal valve, to the

;

The transverse

colon, the longest part of the large intestine, passes trans-

left across the abdomen, opposite the confines of the
and umbilical zones, into the left hypochondriac region, where it
curves downwards beneath the lower end of the spleen, forming the splenic
In its course it describes an arch, the concavity of which is directed
flexure.
backwards towards the vertebral column and a little upwards hence the name
transverse arch of the colon.
This is the most movable part of the colon, being
almost completely invested by peritoneum, and connected to the spine behind
by a large and wide duplicature of that membrane, the transverse meso-colon.
It is in relation, by its upper surface, with the liver and gall-bladder, the
great curvature of the stomach, and the lower end of the spleen by its under
surface, with the small intestines
by its anterior surface with the anterior
layers of the great omentum and the abdominal parietes
by its posterior
surface with the transverse meso-colon and third portion of the duodenum.
The descending colon passes almost vertically downwards through the left
hypochondriac and lumbar regions to the upper part of the left iliac fossa, where
it terminates in the sigmoid flexure.
At its commencement it is connected with

versely from right to
epigastric

;

;

;

;

Mr. Treves states that, after a carefiil examination of one hundred subjects, lie found
that in fifty -two there was neither an ascending nor a descending meso-colon.
In twentytwo there was a descending meso-colon, but no trace of a corresponding fold on the other
side.
In fourteen subjects there was a meso-colon to both the ascending and the descending
segments of the bowel while in the remaining twelve there was an ascending meso-colon,
but no corresponding fold on the left side. It follows, therefore, that in performing lumbar
colotomy a meso-colon may be expected upon the left side in 36 per cent, of all cases, and
on the right 26 per cent. The Anatomy of the Intestinal Canal and Peritoneum in
Man, 1885, P- 55'
;

COLON

985

Diaphragm by

the

It is

and

a fold of peritoneum, the plireno-colic hgament (see page 966).
retained in position by the peritoneum, which covers its anterior surface

sides, its posterior surface

Fig. 610.

being connected by areolar tissue with the outer

— Diagram of the relations of the large intestine and kidney, from behind.
-,r- 7 77
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border of the left kidney, and the Quadratus lumborum (figs. 610, 611). It is
smaller in cahbre and more deeply placed than the ascending colon, and is more
frequently covered with peritoneum on its posterior surface than the ascending
colon (Treves).
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The sigmoid flexure is the narrowest part of the colon it is situated in the
left ihac fossa, commencing from the termination of the descending colon, at the
;

Fig. 6ii.

of the abdomen.
—The relations of the viscera and large vessels
being

(Seen h'om behind, the

last dorsal

vertebra

well raised.)
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of the crest of the ilium, and ending in the rectum, opposite the left sacrosymphysis. It curves in the first place forwards, downwards, and inwards
for about two inches and then forms a loop, which varies in length and position

iliac

;
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and which terminates in the rectum* The first position is in close relation with
the iliac fascia, and is covered by peritoneum on its sides and anterior surface
only.
The loop is entirely surrounded by peritoneum, and is retained in its
place by a loose fold of peritoneum, the sigmoid meso-colon, which connects it to
the Psoas muscle. This loop, which normally hangs downwards, sometimes into
the true pelvis, is very movable, and may be displaced upwards in cases of
distension of the pelvic viscera. Beneath the sigmoid flexure and its meso-colon is
a peritoneal pouch, the inter-sigmoid fossa, which extends upwards in the direction
of the ureter.

The sigmoid

and abdominal
The rectum

parietes.

flexure

is

in relation in front with the small intestines

is the terminal part of the large intestine, and extends from the
sigmoid flexure to the anus it varies in length from six to eight inches, and has
received its name from being less flexuous than any other part of the intestinal
canal.
It commences opposite the left sacro-iliac symphysis, passes obliquely
downwards from left to right to the middle of the sacrum, forming a gentle curve
it then descends in front of the lower part of the sacrum and
to the right side
coccyx, presenting a curve with its concavity forwards, and, near the extremity of
the latter bone, inclines backwards to terminate at the anus. The rectum is,
therefore, not straight, the upper part being directed obliquely from the left side
to the median line, the middle portion being curved in the direction of the hollow
of the sacrum and coccyx, and the lower portion presenting a short curve in the
opposite direction. The rectum is cylindrical, not sacculated like the rest of the
it is narrower in its upper part than the sigmoid flexure, gradually
large intestine
increases in size as it descends, and immediately above the anus presents a
considerable dilatation, capable of
F1G.612. Coronal section through the anal canal,
acquiring an enormous size. The
;

;

:

—

rectum
tions

—

(bymmgton.)

divided into three porupper, middle, and lower.

The

is

u-pper portion,

which

in-

cludes about half the length of the
tube, extends obliquely from the
left sacro-iliac symphysis to the

middle of the third piece of the
sacrum. It is almost completely
surrounded by peritoneum, and
connected to the sacrum behind by
a dupUcature of that membrane,
the meso-rectum. It is in relation,
behind.'with the Pyriformis muscle,
the sacral plexus of nerves and
the branches of the internal iliac
artery of the left side, which separate it from the sacrum and sacroiliac

symphysis

;

in

front,

it

is

separated, in the male, from the
posterior surface of the bladder
in the female,

from the posterior

surface of the uterus and

its

ap-

Cavity of bladder, vd. Vas deferens. ST. Seminal vesicle.
Second part of rectiim. AC. Anal canal, la. Levator aui.

R.

pendages, by some convolutions of
ES. External sphincter.
IS. Internal sphincter.
the small intestine.
The middle portion of the rectum is about three inches in length, and extends
It is closely connected to the concavity of the
as far as the tip of the coccyx.
sacrum, and covered by peritoneum only on the upper part of its anterior surface.

He includes in his
* Treves describes the sigmoid flexiu'e somewhat differently.
termidescription of this portion of the bowel the upper part of the rectum, and makes it
curve, he
nate opposite the thhd portion of the sacrum. Instead of formmg a sigmoid
describes it as a large loop or bend, more like the Greek letter 12 (omega).
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male, with the triangialar portion of the base of
the bladder, the vesiculae seminales, and vasa deferentia more anteriorly, with
the under sm-face of the prostate. In the female, with the posterior wall of the
vagina, to W'hich it is adherent.
It is in relation, in front, in the

;

The

lower ])ortion of the rectum is sometimes termed the anal canal.
It
from the second portion in the direction of its curve and in forming an
antero-posterior slit, with its lateral walls in apposition, whereas the rest of the
iov/er part of the rectum, wlien empty, is elongated laterally, so as to appear more
It is aboiit an inch or an inch and a half
like a transverse slit (fig. 612).
in length, and curves backwards at the fore part of the prostate gland to terminate
This portion of the intestine receives no peritoneal covering. It is
at the anus.
invested by the Internal sphincter, supported by the Levatores ani muscles, and
surrounded at its termination by the External sphincter. In the male, it is
separated from the membranous portion and bulb of the urethra by a triangular
space and in the female a similar space intervenes between it and the vagina
in which is contained the. perineal body.
The base of this space forms the
perineum. The rectum in the female is more capacious and less curved than in
differs

;

the male.
Structure.

— The large intestine has four coats — serous, muscular, areolar and

mucous.

The serous coat is derived from the peritoneum, and invests the different
portions of the large intestine to a variable extent.
The caecum is completely
covered by the serous membrane.
The ascending and descending colon are
usually covered only in front.* The transverse colon is almost completely
invested, the parts corresponding to the attachment of the gxeat omentum and
transverse meso-colon being alone excepted.
The first portion of the sigmoid
is covered in front and the sides by peritoneum, the remainder is
almost completely surrounded, the point corresponding to the attachment of the
sigmoid meso-colon being excepted. The upper part of the rectum is almost
completely invested by the peritoneum the middle portion is covered only on its
anterior surface
and the lower portion is entirely devoid of any serous covering.
In the course of the colon and upper part of the rectum, the peritoneal coat is
thrown into a number of small pouches filled with fat, called a'ppendices
cpiploiccB.
They are chiefly appended to the transverse colon.
The muscular coat consists of an external longitudinal and an internal circular

flexure

;

;

layer of muscular fibres.

The

longitudinal fibres, although found to a certain extent all round the
do not form a uniform layer over the whole surface of the large intestine.
In the caecum and colon they are especially collected into three flat longitudinal

intestine,

bands, each being about half an inch in width. These bands commence at the
attachment of the appendix vermiformis, which is surrounded by a uniform layer
of longitudinal muscular fibres, to the csecum
one, the posterior, is placed along
the attached border of the intestine the anterior band, the largest, corresponds
along the arch of the colon to the attachment of the great omentum, but is in
:

;

and descending colon and sigmoid flexure the third, or
found on the inner side of the ascending and descending colon,
and on the under border of the transverse colon. These bands are nearly onehalf shorter than the other parts of the intestine, and serve to produce the sacculi
which are characteristic of the caecum and colon accordingly, when they are
dissected off, the tube can be lengthened, and its sacculated character becomes
lost.
In the sigmoid flexure the longitudinal fibres become more scattered but
upon its lower part, and round the rectum, they spread out and form a layer,
which completely encircles this portion of the gut, but is thicker on the anterior
and posterior surfaces, where it forms two bands, than on the lateral sm-faces.
The circular fibres form a thin layer over the caecum and colon, being especially
front in the ascending

;

lateral band, is

;

;

*

See foot-note,

p. 984.

;
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accumulated in the intervals between the sacculi in the rectum they form a
its lower end, where they become numerous, and form
;

thick layer, especially at
the Internal sphincter.

The areolar coat connects the muscular and mucous layers closely together.
The mucous membrane, in the ceecum and colon, is pale, and of a greyish or
pale yellow colour. It is quite smooth, destitute of villi, and raised into numerous
crescentic folds which correspond to the intervals between the sacculi.
In the
rectum it is thicker, of a darker colour, more vascular, and connected loosely to
the muscular coat, as in the oesophagus. When the lower part of the rectum is
contracted, its mucous membrane is thrown into a number of folds, some of
which, near the anus, are longitudinal in direction, and are elfaced by the distension of the gut. Besides these there are certain permanent folds, of a semi-

known

They are usually three in number
found, and occasionally only two are present.
One is
another
situated near the commencement of the rectum, on the right side
extends inwards from the left side of the tube, opposite the middle of the sacrum

lunar shape,

as Houston's valves.*

sometimes a fourth

is

;

;

the largest and most constant one projects backwards from the fore part of the
rectum, opposite the base of the bladder. When a fourth is present, it is situated
about an inch above the anus on the back of the rectum. These folds are about
In the
half an inch in width, and contain some of the circular fibres of the gut.
Fia. 613.

— MiniTte structure of large intestine.
Surface of mucous membrane.
I

^

W

-vvith

opening

of Lieberktilui's

IVLieberkfthn's follicles

Muscularis mucosse (two layers)

Submucous connectlTe

tissue

Solitary gland

each other, as Mr. Houston remarks,
so effectually as to require considerable manoeuvring to conduct a bougie or the
Their use seems to be, to support the
finger along the canal of the intestine.
vreight of fffical matter, and prevent its urging towards the anus, where its
presence always excites a sensation demanding its discharge.'
As in the small intestine, the mucous membrane consists of a muscular layer,

empty

state of the intestine they overlap

'

of a quantity of retiform tissue in which the vessels
the muscularis mucosa
ramify; of a basement membrane and epithelium, which is of the coiumnar
The
intestine.
varietv, and exactly resembles the epithelium found in the small
simple
examination
for
mucous membrane of this portion of the bowel presents
;

_

_

follicles

and

solitarv glands.

minute tubular prolongations of the mucous membrane
longer
arranged perpendicularly, side by side, over its entire surface they are
of the small
those
than
apposition
closer
much
more numerous, and placed in
it
intestine
and they open by minute rounded orifices upon the sm'face, givmg

The simple

follicles are

;

;

a cribriform appearance.

The

solitary glands

(fig.
*

most abundant
613) in the large intestine are

Dublin Hosp. Beports,

vol. v. p. 163

m

the
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ccBCum and ajjpendix vermiforviis, but are irregularly scattered also over the rest
They are similar to those of the small intestine.
of the intestine.
The arteries supplying the large intestine give off large
Vessels and Nerves.
branches, which ramify between the muscular coats, supplying them, and, after
dividing into small vessels in the submucous tissue, pass to the mucous membrane.
The rectum is supplied mainly by the superior hsemorrhoidal branch of the
inferior mesenteric, but also at its lower end by the middle haemorrhoidal from
The
the internal iliac, and the inferior hsemorrhoidal from the pudic artery.
superior hsemorrhoidal, the continuation of the superior mesenteric, divides into
two branches, wdiich run dowai either side of the rectum to within about five
inches of the anus they here split up into about six branches, which pierce the
muscular coat and descend between it and the mucous membrane in a longitudinal
direction, parallel with each other as far as the Internal sphincter, where they
anastomose with the other hsemorrhoidal arteries and form a series of loops
around the anus. The veins of the rectum commence in a plexus of vessels
which surrounds the lower extremity of the intestinal canal. In the vessels
forming this plexus are small saccular dilatations just within the margin of the
anus from it about six vessels of considerable size are given off. These ascend
between the muscular and mucous coats for about five inches, running parallel
they then pierce the muscular coat, and, by their union, form a
to each other
This arrangement is termed the
single trunk, the superior haemorrhoidal vein.
it communicates with the tribu.taries of the middle and
hemorrhoidal plexus
inferior hemorrhoidal veins at its commencement, and thus a communication is
The nerves are derived
established between the systemic and portal circulations.
from the plexuses of the sympathetic nerve around the branches of the superior
and inferior mesenteric arteries that are distributed to the large intestine. They
are distributed in a similar way as those in the small intestine.

—

;

;

;

;

—

Surface Form. The coils of the small intestine occupy the front of the abdomen, below
the transverse colon, and are covered more or less completely by the great omentum. For
the most part the coils of the jejunum occupy the left side of the abdominal cavity, i.e. the
whilst the coils
left lumbar and inguinal regions and the left half of the umbilical region
of the ileum are situated to the right, in the right lumbar and inguinal regions, in the right
The caecum is situated in the right
half of the umbilical region, and also the hypogastric.
inguinal region. Its position varies slightly, but the mid-point of a line drawn from the
anterior superior spinous process of the ilium to the symphysis pubis will about mark the
middle of its lower border. It is comparativelj' superficial. From it the ascending colon
passes upwards through the right lumbar and hypochondriac regions, and becomes more
deeply situated as it ascends to the hepatic flexure, which is deeply placed, under cover of
the liver. The transverse colon crosses the belly transversely on the confines of the
umbilical and epigastric regions its lower border being on a level slightly above the
The splenic
luribilicus, its upper border just below the greater curvature of the stomach.
flexure of the colon is situated behind the stoinach in the left l\ypochondrium, and is on a
higher level than the hepatic flexure. The descending colon is deeply seated, passing down
through the left liypochondriac and lumbar regions to the sigmoid flexure, which is situated
in the left inguinal regions and which can be felt in thin persons, with relaxed abdominal
walls, rolling under the fingers when empty, and when distended forming a distinct
tumour. The position of the vermiform appendix is indicated by a point midway between
the anterior superior spinous process of the right innominate bone and the umbilicus.
;

;

This is known as McBurney's spot.
Surgical Anatomy. The small intestines are much exposed to injury, but, in consequence
of their elasticity and the ease with which one fold glides over another, they are not so
frequently ruptured as would otherwise be the case. Any part of the small intestine may
be ruptured, but probably the most coinmon situation is the transverse duodenum, on
account of its being more fixed than other portions of the bowel, and because it is situated
in front of the bodies of the vertebrae, so that if this portion of the abdonren is struck by a
sharp blow, as fi-om the kick of a horse, it is unable to glide out of the way, but is compressed
against the bone and so lacerated. Wounds of the intestine sometimes occur. If tlie
wound is a small puncture, under, it is said, three lines in length, no extravasation of the
contents of the bowel takes place. The mucous membrane becomes everted and plugs the
The bowels, therefore, may be safely punctured with a fine capillary trocar,
little opening.
in cases of excessive distension of the intestine with gas, without fear of extravasation.
A longitudinal wound gapes more than a transverse, owing to the greater amount of
chcular muscular fibres. The small intestine, and most frequently the ileum, may become

—
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strangulated by internal bands, or through apertures, normal or abnormal. The bands
may be formed in several different ways they may be old peritoneal adhesions from
previous attacks of peritonitis or an adherent omentum h-om the same cause or the
band may be formed by Meckel's diverticulum, which has contracted adhesions at its
or the band may be the result of the abnormal attachment of some
distal extremity
normal structure, as the adhesion of two appendices epiploicse, or an adherent vermiform
appendix or Fallopian tube. Intussusception or invagination of the small intestine may
take place in any part of the jejunum and ileum, but the most frequent situation is at the
ileo-caecal valve, the valve forming the apex of the entering tube.
This form may
attain great size, and it is not imcommon in these cases to find the valve projecting from
Stricture, the impaction of foreign bodies, and twisting of the gut {volvulus)
the anus.
may lead to intestinal obstruction.
The vermiform appendix is very liable to become inflamed, leading to so-called
perityphlitis, i.e. a localised inflammation of the peritoneum in the vicinity of the csecum.
This condition may be set up by the appendix becoming twisted, owing to the shortness of
its mesentery, in consequence of distension of the caecum.
As the result of this its blood
supply, which is mainly through one large artery running in the mesenterj', becomes
Again, in rarer cases, the inflammation is set up by the impaction of a
interfered with.
The inflammation may result in ulceration
solid mass of faeces or a foreign body in it.
and perforation, or if the torsion is very acute in gangrene of the appendix. These conditions may require operative interference, and in cases of recurrent attacks of appendicitis
it is generally advisable to remove this diverticulum of the bowel.
In external hernia the
ileum is the portion of bowel most frequently herniated. When a part of the large intestine
is involved it is usually the caecum, and this may occur even on the left side.
In some few
cases the vermiform appendix has been the part implicated in cases of strangulated hernia,
and has given rise to serious symptoms of obstruction. Occasionally ulceration of the duodenal glands may occur in cases of burns, but is not a very common complication. The
ulcer may perforate one of the large duodenal vessels and may cause death from haemorrhage,
or it may perforate the coats of the intestine and produce fatal acute peritonitis. The
diameter of the large intestine gradually diminishes from the caecum, which has the greatest
diameter of any part of the bowel, to the point of junction of the sigmoid flexure with the
rectum, at or a little below which pomt stricture most commonly occurs, and diminishes
When distended by some obstruction
in frequency as one proceeds upwards to the caecum.
low down, the outlme of the large intestine can be defined throughout nearly the whole
all, in fact, except the hepatic and splenic flexures, which are more deeply
of its course
placed the distension is most obvious in the two flanks and on the front of the abdomen
The caecum, however, is that portion of the bowel which is, of all,
just above the umbilicus.
most distended. It sometimes assumes enormous dimensions, amd has been known to
give way from the distension, causmg fatal pei-itonitis. The hepatic flexiu-e and the right
extremity of the transverse colon is in close relationship with the liver, and abscess of this
The gall bladder may become
viscus sometimes biu'sts into the gut in this situation.
adherent to the colon, and gall-stones may find their way through into the gut, where they
may become impacted or maj' be discharged per anum. The mobility of the sigmoid
flexure renders it more liable to become the seat of a volvulus or twist than any other
part of the intestine.
It generally occurs in patients who have been the subjects of
The
iaabitual constipation, and in whom therefore the meso-sigmoidflexin-e is elongated.
gut at this part being loaded with faeces, from its weight falls over the gut below, and so
gives rise to the twist.
The surgical anatomy of the rectum is of considerable importance. There may be
congenital malformations due to arrest or imperfect development. Thus, there may be no
inflection of the epiblast (see page 109), and consequently a complete absence of the anus
or the hind-gut may be imperfectly developed, and there may be an absenee of the rectum,
though the anus is developed or the inflection of the epiblast may not communicate with
the termination of the bind-gut from want of solution of continuity in the septum which
The mucous membrane is thick and but loosely
in early fcetal life exists between the two.
connected to the muscular coat beneath, and thus favours prolapse, especially in children.
The vessels of the rectum are arranged, as mentioned above, longitudinally, and are
contained in the loose cellular tissue between the mucous andrnuscular coats, and receive
no support from surrounding tissues, and tliis favours varicosity. Moreover, the veins,
after running upwards in a longitudinal direction for about five inches in the sub-mucous
tissue, pierce the muscular coats and are liable to become constricted at this spot by the
contraction of the muscular wall of the gut. In addition to this there are no valves in the
superior haemorrhoidal veins, and the vessels of the rectum are placed in a dependent
The
position, and are hable to be pressed upon and obstructed by hardened faeces.
anatomical arrangement, therefore, of the hajmorrhoidal vessels explains the great tendency
Again, the presence of the Sphincter ani is of surgical importto the occurrence of piles.
ance^ since it is the constant contraction of this muscle which prevents an ischio-rectal
abscess from healing, and causes it to become a fistula. Also the reflex contraction of this
muscle is the cause of the severe pain complained of in fissiu'e of the anus. The relations
of the peritoneum to the rectum are of importance in connection with the operation of
removal of the lower end of the rectum for malignant disease. This membrane gradually
:

;

;

;

—

;

;

;

;
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leaves the rectum as it descends into the pelvis first leavmg its posterior surface, then
the sides, and then the anterior sui^face, to become reflected, in the male on to the posterior
wall of the bladder, forming the recto-vesical pouch, and in the female on to the posterior
wall of the vagina, forming Douglas's pouch. The recto-vesical pouch of jperitoneum extends to within three and a half or fom: inches from the anus, so that it is not safe to
remove more than three inches of the entire circumference of the bowel for fear of the
"When, however, the disease is confined to the posterior
risk of opening the peritoneum.
surface of the rectum, or extends farther in this direction, a greater amount of the posterior
wall of the gut may be removed, as the peritoneum does not extend on this surface to a
lower level than five inches from the margin of the anus. The recto-vaginal or Douglas's
pouch in the female extends somewhat lower than the recto-vesical pouch of the male,
and therefore it is necessary to remove a less length of the tube in this sex.* Of recent
years, however, much more extensive operations have been done for the removal of cancer
of the rectum, and in these the peritoneal cavity has necessarily been opened.
If, in
these cases, the opening is plugged with antiseptic wool until the operation is completed
and then the edges of the wound in the peritoneum accuratelj' brought together with
For cases of cancer of the rectum which are too
sutures, no evil result appears to follow.
low to be reached by abdominal section, and too high to be removed by the ordinary
operation from below, Kraske has devised an operation which goes by his name. The
patient is placed on his right side and an incision is made from the second sacral spine
The soft parts are now separated from the back of the left side of the sacrum
to the anus.
as far as its left margin and the greater and lesser sacro- sciatic ligaments are divided. A
portion of the lateral mass of the sacrum, commencing on the left border at the level of
the third posterior sacral foramen, and running downwards and inwards through the
The left side of the wound
foiu'th foramen to the cornu, is now cut away with a chisel.
being now forcibly drawn outwards, the whole of the rectum is brought into view and the
diseased portion can be removed, leaving the anal portion of the gut, if healthy. The two
divided ends of the gut can then be approximated and sutured together in front, the
posterior part being left open for drainage.
Upon introducing the finger into the rectum, the membranous portion of the urethra
can be felt, if an instrument has been introduced into the bladder, exactly in the middle
behind this the prostate gland can be recognised by its shape and hardness and any
line
enlargement detected behind the prostate the fluctuating wall of the bladder when full
can be felt, and if thought desirable it can be tapped in this situation on either side and
behind the prostate the vesiculse seminales can be readily felt, especially if enlarged by
tuberculous disease. Behind, the coccyx is to be felt, and on the mucous membrane one
The ischio-rectal fosste can be explored on either side, with a
or two of Houston's folds.
view to ascertaining the presence of deep-seated collections of pus. Finally, it will be
noted that the finger is firmly gripped by the sphincter for about an inch up the bowel.
By gradual dilatation of the sphincter, the whole hand can be introduced into the rectum
This method of exploration is rarely, however,
so as to reach the descending colon.
required for diagnostic purposes.
The colon frequently requires opening in cases of intestinal obstruction the descending
colon being usually the portion of bowel selected for this operation. The operation of
colotomy niay be performed either without opening the peritoneum, by an incision in
the loin (lumbar colotomy), or by an opening through the peritoneum (inguinal
colotomy). Lumbar colotomy is performed by x^lacing the patient on the side opposite
to the one to be operated on, with a firm pillow under the loin.
A line is then drawn
from the anterior superior to the posterior superior spine of the iliitm, and the mid-point
of this line (Heath) or half an inch behind the mid-point (AUingham) is taken, and a line
drawn vertically upwards from it to the last rib. This line represents, with sufficient
correctness, the position of the normal colon.
An oblique incision four inches in length
is now made midway between the last rib and the crest of the ilium, so that its centre
bisects the vertical line, and the following parts successively divided
(i) The skin,
superficial fascia, with cutaneous vessels and nerves and deep fascia.
(2) The posterior
fibres of the External oblique and anterior fibres of the Latissimus dorsi.
(3) The Internal
oblique.
(4) The lumbar fascia and the external border of the Quadratus lumborum.
The edges of the wound are now to be held apart Avith retractors, and the transversalis
fascia will be exposed.
This is to be opened with care, commencing at the posterior angle
of the incision.
If the bowel is distended, it will bulge into the wound, and no difficulty
will be found in dealing with it.
If, however, the gut is empty this bulging will not take
place, and the colon will have to be sought for.
The guides to it are the lower end of the
kidney, which will be plamly felt, and the outer edge of the Quadratus lumborum- The
bowel having been foimd, is to be drawn well up into the wound, and it may be opened
at once and the margins of the opening stitched to the skin at the edge of the wound
or, if the case is not an urgent one, it maj^ be retained in this position by two harelip pins
passed through the musctilar coat, the rest of the wound closed, and the bowel opened
in three or four days, when adhesion of the bowel to the edges of the wound has taken
;

;

;

;

;

:

place.
*

AUingham

says one inch less in the female.
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many

surgeons in those cases where there is no urgent
obstruction, and where, therefore, tliere is no necessity to open the bowel at once.
The
main reason for preferring this operation is that a spur-shaped process of the meso-colon
can be formed which prevents any faecal matter finding its way past the artificial anus,
and becoming lodged on the diseased structures below. The sigmoid flexure being almost
entirely surrounded by peritoneum, a coil can be drawn out of the wound and the greater
part of its calibre removed, leaving the remainder attached to the meso-colon, which forms
a spur, much the same as in an artificial anus caused by sloughing of the gut after a
strangulated hernia, and this prevents any fsecal matter finding its way froni the gut above
the opening into that below. The operation is performed by making an incision two or
three inches in length from a point one inch internal to the anterior superior spinous
process of the ilium, parallel to Poupart's ligament. The various layers of abdominal
muscles are cut through, and the peritoneum opened and sewn to the external skin. The
sigmoid flexure is now sought for, and pulled out of the wound and fixed by passing a
needle threaded with carbolised silk through the meso-colon close to the gut, and then
through the abdominal wall. The intestine is now sewn to the skin all round, the sutures
passing only through the serous and muscular coats. The wound is dressed, and on the
second to the fourth day, according to the requirements of the case, the protruded coil of
intestine

is

is

opened and removed with

scissors.

The Liver
The Liver

is a glandular organ of large size, intended mainly for the secretion
but effecting also important changes in certain constituents of the
blood in their passage through the gland. It is situated in the right hypochondriac and epigastric regions, but in the child extends across the epigastrium
into the left hypochondrium.
It is the largest gland in the body, weighing from
It measures, in
three to four pounds (from fifty to sixty ounces avoirdupois).
from six to seven in its
its transverse diameter, from ten to twelve inches
antero-posterior
and is about three inches thick at the back part of the right

of the

bile,

;

;

lobe,

which

is

the thickest part.

upper or diaphragmatic surface (fig. 614) is convex, directed upwards and
forwards, smooth, covered by peritoneum except along a narrow line between
Its

Fig. 614.— The liver.

Upper

surface.

(Drawn from His' models.)

Gall-bladder

-Left lateral

Eight lateral
ligament

ligament

It is in relation with the under
extent, with the abdominal
small
to
a
below,
and
surface of the Diaphragm
parietes.
The surface is divided into two unequal lobes, the right and left of
the left smaller and more flat.
these the right is much the larger and convex
The separation between the lobes is indicated by the line of attachment of a fold
of peritoneum, the suspensory or broad ligament, and in front by a notch, the

the

two layers

of the

suspensory hgament.
;

;

;

•^

S
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umhilical notch, the termination of the umbihcal fissure on the under surface.
It is separated from the under surface in front by a sharp margin, in which, to
the right of tlie umbihcal notch, is an excavation, which corresponds to the
fundus of the gall-bladder. Upon this surface is a shallow depression, corre-

sponding to the heart.
Its under or visceral stcrface (fig. 615) is concave, directed downwards and
backwards and to the left, and is in relation with the stomach and duodenum,
the hepatic flexure of the colon, and the right kidney and suprarenal capsule.

The surface is divided by a longitudinal fissure into a right and left lobe. It is
invested by peritoneum over almost its entire surface the only parts where this
covering is absent are where the gall-bladder is attached to the liver and at the
transverse fissure, where the two layers of the lesser omentum are separated
from each other by the blood-vessels and duct of the viscus. The under surface
;

behind and to the left a depression where it is moulded
over the cardiac part of the stomach, and to the right and near the centre a

of the left lobe presents

—The hver.

Fig. 615.

Posterior and inferior surface.
Vena

cam

(Drawn from His'

models."

inferior

Uisophageal incisure

Non-peritonea

omentale-

-Impressio col

Gall-bladder

Fosaa transversa
Quadrate lobe (impressio pylorica)
Fissura umbilicalis

rounded eminence, the tuber omentale, which fits into the concavity of the lesser
curvature resting on the lesser omentum. The under surface of the "right lobe
is divided into two unequal portions by a fossa, which lodges the gall-bladder,
the fossa vesicalis the portion to the left, the smaller of the two, is somewhat
oblong in shape, its antero-posterior diameter being greater than its transverse.
;

known

and is in relation with the pyloric end of the
portion of the duodenum. The portion of the under surface
of the right lobe to the right of the fossa vesicalis presents in front two shallow
concave impressions, the one situated behind the other, and the two being

It is

as the quadrate lobe,

stomach and the

first

separated by a ridge. The anterior of these two impressions, the ivipressio colica,
produced by the hepatic flexure of the colon the posterior, the impressio renalis,
being produced by the upper end of the right kidney. To the inner side of the
latter impression is a third and slightly marked impression, lying between it and
the neck of the gall-bladder.
This is caused by the second portion of the duodenum, and is known as the impressio duodencUis. At the back part of the under
This
surface of the right lobe is an impression for the right suprarenal capsule.

is

;
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is partly covered by peritoneum, and therefore belongs to the inferior surface of
the liver but in the rest of its extent is uncovered by peritoneum, and belongs
It lies just to the right of the inferior vena cava.
to the posterior surface.
Finally, on this surface is the caudate lobe, a narrow strip of liver tissue which
;

connects the right lobe to the Spigelian lobe.
The posterior surface is rounded and broad over the right lobe, but narrow on
Over the greater part of its extent it is not covered by peritoneum, but
the left.
a small portion of this surface to the right is covered by this serous membrane.
The uncovered portion is about three inches broad, and is in direct contact with
the Diaphragm and posterior wall of the abdomen. It is marked off from the

upper surface by the line of reflection of peritoneum from the under surface of
the Diaphragm to the upper surface of the liver, constituting the anterior layer
of the coronary and right lateral ligament of the liver.
It is in the same way
marked off from the under surface of the liver by the line of reflection of peritoneum from the posterior portion of the Diaphragm on to the liver, which forms
the posterior layer of the coronary and right lateral ligaments. In its centre
this posterior surface is deeply notched for the vertebral column and aorta, and
to the right of this it is indented for the inferior vena cava, which is often partly

embedded

Close to the right of this indentation is the portion
which belongs to the posterior surface (see above).
To the left of the inferior vena cava is the Spigelian lobe, which lies between
the flssure for the vena cava and the fissure for the ductus venosus. Below and
in front it projects and forms part of the posterior boundary of the transverse
fissure.
Here, to the right, it is connected with the under surface of the right
lobe of the liver by the caudate lobe, and to the left it presents a tubercle, the
It is opposite the tenth and eleventh dorsal vertebrae, and rests
tuber papillare.
upon the aorta and crura of the Diaphragm. This lobe is nearly vertical in
it is longer from above downwards than
direction, and is directed backwards
from side to side, and is somewhat concave from side to side. On the posterior
surface to the left of the Spigelian lobe is a groove indicating the position of the
oesophageal orifice of the stomach.
The anterior border is thin and sharp, and marked opposite the attachment of
the longitudinal ligament by a deep notch, and opposite the cartilage of the ninth
In adult males this
rib by a second notch for the fundus of the gall-bladder.
but in women and
border usually corresponds with the margin of the ribs
children it usually projects below the ribs.
The right extremity of the liver is thick and rounded, whilst the left is thin
in its substance.

of the impressio suprarenalis

:

;

and

flattened.

—

Ligaments. The ligaments of the liver (fig. 614) are five in number, four
being formed of folds of peritoneum the fifth, the ligamentum teres, is a round
The ligaments
fibrous cord, resulting from the obliteration of the umbilical vein.
are, the longitudinal, two lateral, coronary, and round.
The longitudinal ligavient (broad, falciform, or suspensory ligament) is a
broad and thin antero-posterior peritoneal fold, falciform in shape, its base being
It is attached by one margin to the
directed forwards, its apex backwards.
under surface of the Diaphragm, and the posterior surface of the sheath of the
by its hepatic margin it
right Rectus muscle as low down as the umbilicus
extends from the notch on the anterior margin of the liver, as far back as its
posterior surface.
It consists of two layers of peritoneum closely united together.
Its anterior free edge contains the round ligament between its layers.
;

;

The lateral ligaments, two in number, right and left, are triangular in shape.
They are formed of two layers of peritoneum united, and extend from the sides
The
of the Diaphragm to the extremities of the posterior surface of the organ.
left is the longer of the two, and Hes in front of the oesophageal opening in the
Diaphragm.

The coronary ligament connects the
phragm.

It is

formed by the

posterior surface of the liver to the Dia-

reflection of the

peritoneum from the Diaphragm
3 s 2
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on to the upper and lower margins of the posterior surface of tlie organ. The
coronary ligament consists of two layers, which are continuous on each side with
the lateral ligaments and, in front, with the longitudinal ligament. Between
the layers, a large oval space is left uncovered by peritoneum, and is connected
to the Diaphragm by firm areolar tissue.
The round ligament is a fibrous cord resulting from the obliteration of the
umbilical vein. It ascends from the umbilicus, in the anterior free margin of the
longitudinal ligament, to the notch in the anterior border of the liver, from which
it may be traced along the longitudinal fissure on the under surface of the liver
as far back as the inferior vena cava.
Five-fissures are seen upon the under and posterior surFissures (fig. 615).
;

—

They are,
the liver, which serve to divide it into five lobes.
umbilical fissure, the fissure of the ductus venosus, the transverse fissure,
They
fissure for the gall-bladder, and the fissure for the inferior vena cava.
the left limb of the H is known as
arranged in the form of the letter H

faces

of

;

longitudinal fissure

;

the
the
are

the

the anterior part contains the umbilical vein in the foetus

remains in the adult (the round ligament) it is known as the umbilical
fissure
the posterior part, situated on the posterior surface of the liver, contains
the ductus venosus, and is known as the fissure of the ductus venosus. The right
limb of the H is formed in honthy the fissure for the gall-bladder and behind
by the fissure for the inferior vena cava these two fissures are separated from
each other by the caudate lobe. The connecting bar of the H is the transverse
or portal fissure.
It separates the quadrate lobe in front from the caudate and

and

its

;

;

;

Spigelian lobe behind.

The longitudinal fissure is a deep groove, \vhich extends from the notch on
the anterior margin of the liver to the posterior surface of the organ. It separates
the right and left lobes the transverse fissure joins it, at right angles, about onethird from its posterior extremity, and divides it into two parts.
The anterior
half is called the umbilical fissure
it
is deeper than the posterior part, and
lodges the umbilical vein in the foetus, or its remains (the round ligament) in the
adult. This fissure is often partially bridged over by a prolongation of the hepatic
substance, the pons hejMtis.
The fissure of the ductus venosus is the back part of the longitudinal fissure,
and is situated partly on the posterior surface of the liver it is shorter and
shallower than the anterior portion. It lies between the left lobe and the lobe of
Spigelius.
It lodges in the foetus the ductus venosus, and in the adult a slender
;

;

;

fibrous cord, the obliterated remains of that vessel.

The

transverse or portal fissure

is

a short but deep fissure, about

under surface

two inches

nearer
nearly at right angles,
with the longitudinal fissure. It separates the quadrate lobe in front from the
caudate and Spigelian lobe behind. By the older anatomists this fissure was
considered the gateway {porta) of the liver hence the large vein which enters
at this point was called the portal vein.
Besides this vein, the fissure transmits
the hepatic artery and nerves, and the hepatic duct a.nd lym phatics. At their
entrance into the fissure, the hepatic duct lies in front and to the right, the
hepatic artery to the left, and the portal vein behind and between the duct and
in length, extending transversely across the
to its posterior surface

than

its

anterior border.

of the right lobe,

It joins,

;

artery.

The fissure for the gall-bladder (fossa cystis fcllece) is a shallow, oblong fossa,
placed on the under sm-face of the right lobe, parallel with the longitudinal fissure.
It extends from the anterior free margin of the liver, which is notched for its
reception, to near the right extremity of the transverse fissure.

The fissttre for the inferior vena cava is a short, deep fissure, occasionally a
complete canal, from the substance of the liver uniting around the vena cava.
It extends obliquely upwards from the lobus caudatus, which separates it from
the transverse fissure on the posterior surface of the liver and separates the
Spigehan fr.om the right lobe. On slitting open the inferior vena cava which

'
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contained in it, a deep fossa is seen, at the bottom of which the hepatic veins
communicate with this vessel.
The lobes of the liver, like the hgaments and fissures, are five in
Lobes.
number the right lobe, the left lobe, the lobus quadratus, the lobus Spigelh,
and the lobus caudatus.
The right lobe is much larger than the left the proportion between them
It occupies the right hypochondrium, and is separated
being as six to one.
from the left lobe, on its upper surface, by the longitudinal hgament on its under
and posterior surfaces by the longitudinal fissure and in front by a deep notch.
It is of a quadrilateral form, its under surface being marked by three fissures
the transverse fissure, the fissure for the gall-bladder, and the fissure for the
and by three shallow impressions, one in front {impressio
inferior vena cava
colica), for the hepatic flexure of the colon
and one behind {impressio renalis),
and one internal, between the last-named and the gallfor the right kidney
is

—
—

;

;

;

;

;

;

bladder {impressio duodenalis) for the second part of the duodenum".
,

Fig. 6i6.
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The left lobe is smaller and more flattened than the right. It is situated in
the epigastric region.
Its upper surface is convex
its under surface is concave,
and presents a shallow depression for the stomach {gastric impression). This is
situated in front of the groove for the oesophagus, and is separated from the
;

longitudinal fissure by a well-marked prominence, the omental tuberosity, which
lies against the small omentum and lesser curvature of the stomach.
The lobus quadratus, or square lobe, is situated on the under surface of the
behind by the transright lobe, bounded in front by the free surface of the liver
;

verse fissure

;

on the

by the umbilical

right,

by the

fissure for the gall-bladder

;

and on the

left,

fissure.

from the posterior surface of the
bounded, in front, by the transverse fissure on the right, by the
and, on the left, by the fissure for the ductus venosus.
fissure for the vena cava
Its left upper angle forms part of the groove for the oesophagus.

The

liver.

lobus Spigelii projects perpendicularly

It is

;

;

The lobus caudat^ts, or tailed lobe, is a small elevation of the hepatic substance,
extending obliquely outwards, from the base of the lobus Spigehi to the under

OEGANS OF DIGESTION

998

It is situated at the right extremity of the transverse
surface of the right lobe.
and separates the fissure for the gall-bladder from the commencement of

fissure,

the fissure for the inferior vena cava.
Vessels.
The vessels connected with the liver are also five in number they
are, the hepatic artery, the portal vein, the hepatic vein, the hepatic duct, and

—

:

the lymphatics.
hepatic artery &nd p)ortal vein, accompanied by

The

numerous lymphatics and

nerves, ascend to the transverse fissure, between the layers of the gastro-hepatic

omentum. The hepatic duct, lying in company with them, descends from the
transverse fissure between the layers of the same omentum.
The relative
The hepatic duct lies to the
position of the three structures is as follows
right, the hepatic artery to the left, and the portal vein behind and between the
other two.
These are enveloped in a loose areolar tissue, the capsule of Glisson,
:

which accompanies the vessels

in their course

—

through the portal canals, in the

interior of the organ.

The hepatic veins convey the blood from the liver. They commence in the
substance of the liver, in the capillary terminations of the portal vein and hepatic
artery these tributaries, gradually uniting, usually form three large veins, which
converge towards the posterior surface of the liver and open into the inferior
vena cava, whilst that vessel is situated in the groove at the back part of this
organ.
Of these three veins, one from the right and another from the left lobe
open obliquely into the vena cava that from the middle of the organ and lobus
Spigelii having a straight course.
The hepatic veins have very little cellular investment what there is binds their
parietes closely to the walls of the canals through which they run
so that, on
a section of the organ, these veins remain widely open and solitary, and may be
easily distinguished from the branches of the portal vein, which are more or less
The hepatic veins
collapsed, and always accompanied by an artery and duct.
;

:

;

;

are destitute of valves.

The lymphatics are large and numerous, consisting of a deep and superficial
They have been already described.
Nerves. The nerves of the liver are derived from the hepatic plexus of the
sympathetic, from the pneumogastric nerves, especially the left, and from the
set.

—

right phrenic.

Structure.

— The substance of the

by an extremely

fine areolar tissue,

liver is

and

composed

of lobules, held together

of the ramifications of the portal vein,

hepatic duct, hepatic artery, hepatic veins, lymphatics, and nerves
being invested by a serous and a fibrous coat.

The

;

the whole

derived from the peritoneum, and invests the greater part
It is intimately adherent to the fibrous coat.
The fibrous coat lies beneath the serous investment, and covers the entire
surface of the organ.
It is difficult of demonstration, excepting where the serous
coat is deficient.
At the transverse fissure it is continuous with the capsule of
Glisson, and, on the surface of the organ, with the areolar tissue separating the
serous coat

is

of the surface of the organ.

lobules.

The

lobules

form the chief mass

of the hepatic

substance

;

they

may

be seen

by making a section through the gland.
They are small granular bodies, about the size of a millet seed, measuring from
one-twentieth to one-tenth of an inch in diameter. In the human subject their

either on the surface of the organ, or

outline is very irregular but in some of the lower animals (for example, the pig)
they are well-defined, and, when divided transversely, have a polygonal outline.
If divided longitudinally they are more or less foliated or oblong.
The bases of
;

the lobules are clustered round the smallest radicles [sublobular) of the hepatic
which each is connected by means of a small branch which issues from
the centre of the lobule {intralobular).
The remaining part of the surface of each
lobule is imperfectly isolated from the surrounding lobules by a thin stratum of
veins, to
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areolar tissue, in which is contained a plexus of vessels (the interlobular plexus)
and ducts. In some animals, as the pig, the lobules are completely isolated one
from another by this interlobular areolar tissue.
If one of the sublobular veins be laid open, the bases of the lobules may be
seen through the thin wall of the vein on which they rest, arranged in the form
of a tesselated pavement, the centre of each polygonal space presenting a minute
aperture, the mouth of an intralobular vein (fig. 617).
Microscopic appearance.— Ea.ch lobule is composed of a mass of cells {hepatic
cells), surrounded by a dense capillary plexus, composed of vessels which penetrate
from the circumference to the centre of the lobule, and terminate in a single
straight vein, which runs through its centre, to open at its base into one of the
radicles of the hepatic vein.
Between the cells are also the minute commencements of the bile-ducts. Therefore, in the lobule we have all the essentials of
a secreting gland; that is to say: (i) cells, by which the secretion is formed;
(2) blood-vessels, in close relation with the cells, containing the blood from which
the secretion is derived and (3) ducts, by which the secretion, when formed, is
carried away.
Each of these structures will have to be further considered.
;

—

—

Fig. 617.
Longitudinal section of an
hepatic vein.
(After Kiernan.)

Fig. 618. Longitudinal section of a small
portal vein and canal.
(After Kiernan.)
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more or less spheroidal form but may be rounded,
many-sided from mutual compression. They vary in size from the
They consist of a honeycomb network
of an inch in diameter.
(Klein) without any cell- wall, and contain one or sometimes two distinct nuclei.
In the nucleus is a highly refracting nucleolus with granules. Embedded in the
honeycomb network are numerous yellow particles, the colouring-matter of the
bile, and oil-globules.
The cells adhere together by their surfaces so as to form
rows, which radiate from the centre to the circumference of the lobules.* As
(i

)

The

hepatic cells are of

;

flattened, or

-Q

stated above, they are the chief agents in the secretion of the bile.
The blood in the capillary plexus, around the liver(2) The blood-vessels.

—

cells, is

brought to the

liver principally

by the portal

vein, but also to a certain

Delepine states that there are evidences of the arrangement of these cells in the form
which form tubes with narrow lumina branching from terminal bile ducts.
This branching is evidenced by a divergence of the columns from lines extending between
adjacent portal vessels. The columns of cells group roimd terminal bile ducts and not
round the so-called intralobular veins. Lancet, vol. i. 1895, p. 1254.
*

of columns,
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For the sake of clearness, the distribution of the
extent by the hepatic artery.
blood derived from the hepatic artery may be considered first.
The hepatic artery, entering the liver at the transverse fissure with the portal
vein and hepatic duct, ramifies with these vessels through the portal canals. It
gives off vaginal branches, which ramify in the capsule of Glisson, and appear to
be destined chiefly for the nutrition of the coats of the large vessels, the ducts,
and the investing membranes of the liver. It also gives off capsular branches
which reach the surface of the organ, terminating in its fibrous coat, in stellate
Finally it gives off interlobular branches which form a plexus on the
plexuses.
outer side of each lobule, to supply its wall and the accompanying bile-ducts.
From this, lobular branches enter the lobule and end in the capillary network
between the cells. Some anatomists, however, doubt whether it transmits any
blood directly to the capillary network.
The portal vein (fig. 6i8) also enters at the transverse fissure and runs
through the portal canals, enclosed in Glisson's capsule, dividing into branches
in its course, which finally break up into a plexus (the interlobular plexus) in
In their course these branches
the interlobular spaces between the lobules.
receive the vaginal and capsular veins, corresponding to the vaginal and capsular
branches of the hepatic artery (fig. 6i8). Thus it will be seen that all the blood
carried to the liver by the portal vein and hepatic artery, except perhaps that
.

Fig. 619.

— Horizontal section of liver (dog).
TrunJ: of intra! olndar
vein

Tntralobitlar vein

derived from the interlobular branches of the hepatic artery, directly or indirectly,
finds its way into the interlobular plexus.
From this plexus the blood is carried
into the lobule by fine branches which pierce its wall, and then converge from
the circumference to the centre of the lobule, forming a number of longitudinal

which are connected by transverse or horizontal branches (fig. 619). In
the interstices of the network of vessels thus formed are situated, as before said,
the liver-cells
and here it is that, the blood being brought into intimate convessels,

;

nection with the liver-cells, the bile is secreted. Arrived at the centre of the
lobule, all these minute vessels empty themselves into one vein, of considerable
size, which runs down the centre of the lobules from apex to base, and is called
the intralobular vein. At the base of the lobule this vein opens directly into the
sublobular vein, with which the lobule is connected, and which, as before
mentioned, is a radicle of the hepatic vein. The sublobular veins, uniting into
larger and larger trunks, end at last in the hepatic veins, which do not receive
any mtralobular veins. Finally, the hepatic veins, as mentioned at page 693,
converge to form three large trunks which open into the inferior vena cava,
^
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while that vessel is situated in the fissure appropriated to it at the back of
the liver.
(3) Tlie ducts.— 'U.d.Ym.g shown how the blood is brought into intimate relation
with the hepatic cells in order that the bile may be secreted, it remains now only
to consider the way in which the secretion, having been formed, is carried away.
Several views have prevailed as to the mode of origin of the hepatic ducts
it
seems, however, to be clear that they commence by little passages which are
formed between the cells, and which have been termed intercellular biliary
These passages are merely little channels or interpassages, or hile capillaries.
spaces left between the contiguous surfaces of two cells, or in the angle where
three or more liver-cells meet (fig. 620), and it seems doubtful whether there
is any delicate membrane forming the wall of
the space.
The channels
thus formed radiate to the circumference of the lobule, and, piercing its wall,
form a plexus {interlobular) between the lobules. From this plexus ducts are
derived which pass into the portal canals, become enclosed in Glisson's capsule,
and, accompanying the portal vein and hepatic artery (fig. 621), join with other
ducts to form two main trunks, which leave the liver at the transverse fissure,
and by their union form the hepatic duct.
;

Fia. 620.

— Section of

liver.

—

Fig. 621.
A transverse section of
a small portal canal and its
vessels.
(After Kiernan.)
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Structure.
The coats of the smallest biliary ducts, which lie in the interlobular spaces, are a connective tissue coat, in which are muscle cells, arranged
both circularly and longitudinal^, and an epithelial layer, consisting of short
columnar cells. In the larger ducts, which lie in the portal canals, there are a

number

of orifices disposed in two longitudinal rows, which were formerly
regarded as the openings of mucous glands, but which are merely the orifices of
tubular recesses. They occasionally anastomose, and from the sides of them
saccular dilatations are given off.

EXCEETOEY ApPAEATUS OF THE LiVEE
The excretory apparatus

of the liver consists of (i) the hepatic duct,

which,

formed by the junction of the two main ducts, which pass
out of the liver at the transverse fissure, and are formed by the union of the
the bile
bile capillaries
(2) the gall-bladder, which serves as a reservoir for
the
common
and
gall-bladder
of
the
the
duct
is
which
the
cystic-duct,
(4)
(3)
bile duct, formed by the junction of the hepatic and cystic ducts.
as

we have

seen, is

;

;

;
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The hepatic

duct.

— Two main trunks of nearly equal size issue from the

liver

from the left lobe these
unite to form the hepatic duct, which then passes downwards and to the right
for about an inch and a half, between the layers of the lesser omentum, where it
joins at an acute angle with the cystic duct, and so forms the ductus communis
choledochus. The hepatic duct, as it descends from the transverse fissure of the
liver, between the two layers of the lesser omentum, lies in company with the
hepatic artery and portal vein.
The Gall-bladder is the reservoir for the bile it is a conical or pear-shaped
musculo-membranous sac, lodged in a fossa on the under surface of the right
lobe of the liver, and extending from near the right extremity of the transverse
at the transverse fissure,

one from the

right, the other

;

;

It is about four inches in length,
widest part, and holds from eight to ten drachms. It
The fundus, or broad extremity, is
is divided into a fundus, body, and neck.
directed downwards, forwards, and to the right, and occasionally projects beyond
the anterior border of the liver the body and neck are directed upwards and
backwards to the left. The upper surface of the gall-bladder is attached to the
liver by connective tissue and vessels.
The under surface is covered by
peritoneum, which is reflected on to it from the surface of the liver. Occasionally
the whole of the organ is invested by the serous membrane, and is then connected
to the liver by a kind of mesentery.
Relations.
The body of the gall-bladder is in relation, by its upper surface,
with the liver, to which it is connected by areolar tissue and vessels
by its
under surface, with the first portion of the duodenum, occasionally the pyloric
end of the stomach, and the hepatic flexure of the colon. The fundus is completely invested by peritoneum
it is in relation, in front, with the abdominal
parietes, immediately below the ninth costal cartilage
behind, with the transverse arch of the colon. The nech is narrow, and curves upon itself like the
letter S
at its point of connection with the cystic duct it presents a w^ell-marked

fissure to the anterior border of the organ.

one inch in breadth

at its

;

—

;

;

;

;

constriction.

When the gall-bladder is distended with bile or calculi, the fundus may be felt through
the abdominal parietes, especially in an emaciated subject: the relations of this sac will
also serve to explain the occasional occurrence of abdominal biliary fistulae, through which
biliary calculi may pass out, and of the passage of calculi from the gall-bladder into the
stomach, duodenum, or colon, which occasionally happens.
Structure.

— The

gall-bladder

consists

of

three

coats

— serous,

fibrous

and

muscular, and mucous.

The external or serous coat is derived from the peritoneum it completely
invests the fundus, but covers the body and neck only on their under surface.
;

The fibro-muscular

which forms the framework
dense fibrous tissue, w^hich interlaces in all directions, and
is mixed with plain muscular fibres, which are disposed chiefly in a longitudinal
direction, a few running transversely.
The internal OT- mucous coat is loosely connected with the fibrous layer. It is
generally tinged with a yellowish-brown colour, and is everywhere elevated into
minute rugae, by the tmion of which numerous meshes are formed the depressed
intervening spaces having a polygonal outline. The meshes are smaller at the
fundus and neck, being most developed about the centre of the sac. Opposite
the neck of the gall-bladder the mucous membrane projects inwards in the form
of oblique ridges or folds, forming a sort of screw-like valve.
The mucous membrane is covered with columnar epithelium, and secretes an
abundance of thick viscid mucus it is continuous through the hepatic duct with
the mucous membrane lining the ducts of the liver, and through the ductus
communis choledochus with the mucous membrane of the alimentary canal.
The cystic duct, the smallest of the three biliary ducts, is about an inch and
a half in length. It passes obliquely downwards and to the left from the neck
coat is a thin but strong layer,

of the sac, consisting of

;

;
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form the common duct. It lies
vena portae, the hepatic artery
The mucous membrane lining its interior is thrown into a
lying to its left side.
series of crescentic folds, from five to twelve in number, similar to those found
in the neck of the gall-bladder.
They project into the duct in regular succession,
and are directed obliquely round the tube, presenting much the appearance of a
continuous spiral valve. When the duct has been distended, the spaces between
of the gall-bladder,

and joins the hepatic duct

in the gastro-hepatic

omentum

to

in front of the

the folds are dilated, so as to give to its exterior a sacculated appearance.
The ductus communis choledochus, the largest of the three, is the common

excretory duct of the liver and gall-bladder. It is about three inches in length,
diameter of a goose-quill, and formed by the junction of the cystic and
hepatic duct.
It descends along the right border of the lesser omentum behind the first
of the

portion of the duodenum, in front of the vena porta, and to the right of the
hepatic artery it then passes between the pancreas and descending portion of
the duodenum, and, running for a short distance along the right side of the
pancreatic duct, near its termination, passes, with it, obliquely between the
mucous and muscular coats. The two ducts open by a common orifice upon the
summit of a papilla, situated at the inner side of the descending portion of the
;

duodenum,

a

little

Structure.

and an

below

— The coats

its

middle.

of the large biliary ducts are,

internal or mucous.

The

fibrous coat

is

an external or

composed

fibrous,

of strong fibro-areolar

tissue, with a certain amount of muscular tissue, arranged, for the most part, in
a circular manner around the duct. The mucous coat is continuous with the
lining membrane of the hepatic ducts and gall-bladder, and also with that of the

duodenum

;

and, like the

mucous membrane

of these structures, its epitheliiTm is

columnar variety. It is provided with numerous mucous glands, which
are lobulated and open by minute orifices, scattered irregularly in the larger
ducts.
The coats of the smallest biliary ducts, which lie in the interlobular
of the

Heidenhain, are
arranged both circularly and longitudinally, and an epithelial layer,

spaces, are a connective tissue coat, in which, according to

muscle

cells,

consisting of short columnar cells.

—

The liver is situated in the right hypochondriac and the epigastric
and is moulded to the arch of the Diaphragm. In the greater part of its extent it
lies under cover of the lower ribs and their cartilages, but in the epigastric region it comes
The upper limit of the right
in contact with the abdominal wall, in the subcostal angle.
lohe of the liver may be defined by a line drawn from the articulation of the fifth right
costal cartilage to the sternum horizontally outwards to a Httle below the nipple, and
then inclined downwards to reach the seventh rib at the side of the chest. The upper
limit of the left lohe may be defined by continuing this line to the left with an mclination
downwards as it crosses the gladiolus, to a point about two inches to the left of the sternum
on a level with the sixth left costal cartilage. The lower limit of the liver may be indicated
by a line drawn half an inch below the lower border of the thorax on the right side as
far as the ninth right costal cartilage, and thence obliquely upwards across the subcostal
Surface Form.

regions,

A sHght curved line with its convexity to the left
left costal cartilage.
from this point, i.e. the eighth left costal cartilage, to the termination of the fine indicating
the upper Hmit, will denote the left margin of the liver. The fundus of the gall-bladder
approaches the sm-face behind the anterior extremity of the ninth costal cartilage, close to
the outer margin of the right Eectus muscle.
angle to the eighth

It must be remembered that the liver is subject to considerable alterations in position,
and the student should make himself acquainted with the different circumstances under
which this occurs, as they are of importance in determining the existence of enlargement

or other diseases of the organ.
In the erect position in the
Its position varies according to the posture of the body.
adult male, the edge of the liver projects about half an inch below the lower edge of
the right costal cartilages, and its anterior border can be often felt in this situation if the
abdominal wall is thin. In the supine position the liver gravitates backwards, and recedes
above the lower margin of the ribs, and cannot then be detected by the finger. In the prone
position it falls forward, and can then generally be felt in a patient with loose and lax
abdominal walls. Its position varies also with the ascent or descent of the Diaphragm.
In a deep inspiration the liver descends below the ribs in expiration it is raised behind
them. Again, in emphysema, where the lungs are distended, and the Diaphragm descends
;
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is pushed clown
in some other diseases, as phthisis, where the Diaarched, the liver rises very high up. Pressure from without, as in tightlacing, by compressing the lowfer part of the chest, displaces the liver considerably its
anterior edge often extending as low as the crest of the ilium and its convex surface is
often at the same time deeply indented from the pressure of the ribs. Again, its position
varies greatly according to the greater or less distension of the stomach and intestines.
When the intestines are empty, the liver descends in the abdomen but when they are
Its relations to surrounding organs may also be
distended, it is pushed upwards.
changed by the growth of tumours, or by collections of fluid in the thoracic or abdominal

very low, the liver

phragm

is

;

much

:

;

;

cavities.

Surgical Anatomy.

— On account of

its large size, its fixed position, and its friability,
rviptured than any of the abdominal viscera.
The rupture
may vary considerably in extent, from a slight scratch to an extensive laceration
completely through its substance, dividing it into two parts. Sometimes an internal
rupture, without laceration of the peritoneal covering, takes place, and such injuries are
most susceptible of repair but small tears of the surface may also heal when, however,
the laceration is extensive, death usually takes place from haemorrhage, on account of the
fact that the hepatic veins are contained in rigid canals in the liver-substance and are
unable to contract, and are moreover unprovided with valves. The liver may also be torn
by the end of a broken rib perforating the Diaplu-agm. The liver may be injured by
stabs or other punctured wounds, and when these are inflicted through the chest wall,
both plem'al and peritoneal cavities maj- be opened up, and both lung and liver be
wounded. In cases of wound of the liver from the front, hernia of a part of this viscus
may take place, but can generally easily be replaced. Abscess of the liver is of not
unfrequent occurrence, and may open in many different wa,ys on account of the relations
of this viscus to other organs.
Thus it has been known to biurst into the lungs and the
pus been coughed up, or into the stomach and the pus vomited it ma,y burst into the
colon, or into the duodenum
or, by perforating the Diaphragm, it may empty itself into
the pleiu'al cavity.
Frequently it makes its way forwards, and points on the anterior
abdominal wall, and finally it may burst into the peritoneal or pericardiac cavities.
Abscesses of the liver frequently require opening, and this should be done preferably by
an incision in the right semilunar line, in two stages the peritoneal cavity being opened
and the liver over the summit of the abscess being stitched to the parietal peritoneum on
the first occasion, and three or four days subsequently the abscess being evacuated.
Hydatid cysts are more often found in the liver than in any other of the viscera. The
reason of this is not far to seek. The embryo of the egg of the taenia echinococcus, being
liberated in the stomach by the disintegration of its shell, bores its way through the
gastric walls and usually enters a blood-vessel, and is carried by the blood-stream to the
hepatic capillaries, where its onward course is arrested, and where it undergoes development into the fuUj^ formed hydatid.
When the gall-bladder is ruptui'ed, or one of its main ducts, which may occur
independently of laceration of the liver, the injuiy is necessarily fatal, from peritonitis
caused by the extravasation of bile into the peritoneal cavity.
The gall-bladder m&j become distended with bile in cases of obstruction of its duct or
the common bile duct, or from a collection of gall-stones within its interior, thus forming
a large tumour.
The swelling is pear-shaped, and projects downwards and forwards to
the umbilicus. It moves with respiration, since it is attached to the liver.
To relieve
this condition, the gall-bladder must be opened and the gall-stones removed.
The operation is performed by an incision, two or three inches long in the right semilunar line,
commencing an inch below the costal margin. The peritoneal cavity is opened, and the
tumour having been found, sponges are packed round it to protect the peritoneal cavity,
and it is aspirated. When the contained fluid has been evacuated the flaccid bladder is
drawn out of the abdominal wound and its wall incised to the extent of an inch any
gall-stones in the bladder are now removed and the interior of the sac sponged dry.
If
the case is one of obstruction of the duct, an attempt must be made to dislodge the stone
by manipulation through the wall of the duct or it may be crushed from without by
carefully padded forceps
or it may be broken up by a needle introduced into the duct
through the gall-bladder. After all obstruction has been removed, four courses are open,
to the surgeon
i
The wound in the gaU-bladder may be at once sewn up, the organ
retiu-ned into the abdominal cavity and the external incision closed.
2. The edges of the
incision in the gall-bladder may be sutured to the external wound, and a fistulous communication established between the gall-bladder and the exterior this fistulous opening
usually closes in the course of. a few weeks. 3. The gall-bladder may be connected with
the intestinal canal, preferably the duodenum, by means of a lateral anastomosis; this is
known as cholecystenterostomy. 4. The gall-bladder may be completely removed.

the liver

is

more frequently

;

;

;

;

:

;

;

;

:

.

;
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The Pancreas

—

The pancreas may be exposed for dissection in three different ways
Dissection.
raising the liver, drawing down the stomach, and tearing through the gastro-hepatic
omentum and tlie ascending layer of the transverse meso-colon. 2. By raising the stomach
the arch of the colon, and great omentum, and then dividing the inferior layer of the
transverse meso-colon and raising the ascending layer of the transverse meso-colon. 3. Bv
dividing the two layers of peritoneum, which descend from the great curvature of the
stomach to form the great omentum turning the stomach upwards, and then cutting'
through the ascending layer of the transverse meso-colon (see fig. 590, page 959).
I.

:

By

;

a compound racemose gland, analogous
though softer and less compactly arrano-ed
than those organs. It is long and irregularly prismatic in shape, and has been
compared to a human or a dog's tongue its right extremity being broad, is
called the head this is connected to the main portion of the organ, the body, by
a slight constriction, the neck whilst its left extremity gradually tapers to form

The Pancreas

{-n-av-Kpeas, all flesh) is

in its structure to the salivary glands,

:

—

;

Fig. 622.

—The pancreas and

its relations.

the tail. It is situated transversely across the posterior wall of the abdomen, at
the back of the epigastric and left hypochondriac regions. Its length varies from
six to eight inches, its breadth is an inch and a half, and its thickness from half
an inch to an inch, being greater at its right extremity and along its upper border.
Its weight varies from two to three and a half ounces, but it may reach six ounces.
The right extremity or head of the imncreas (fig. 622) is shaped like the head

humerus, being elongated both above and below it is flattened from before
backwards, and is embraced by the concavity of the duodenum. The common
and the panbile duct descends behind, between the duodenum and pancreas
creatico-duodenal artery descends in front between the same parts.
The neck of the pancreas is about an inch long. It lies in front of the
commencement of the vena porta, and is grooved on the right by the gastro-duodenal and superior pancreatico-duodenal arteries. The pylorus Hes just above it.
The body of the ixincreas is somewhat prismatic in shape, and has three surof a

;

;

faces

:

anterior, posterior,

The

surface of

and

inferior.

somewhat concave, and
the stomach, which rests upon it.

anterior surface

is

is

covered by the posterior

:

;
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The j)Osterior surface is separated from the vertebral column by the aorta,
the splenic vein, the left kidney and its vessels, the left suprarenal capsule, the
pillars of the Diaphragm, and the origin of the superior mesenteric artery.
The inferior surface is narrow, and lies upon the duodenum-jejunal flexure and
on some coils of the jejunum; its left extremity rests on the splenic flexure of
the colon.
The superior border of the body is blunt and flat to the right narrow and
sharp to the left, near the tail. It commences to the right in a well marked
prominence called the omental tuberosity to the left of this it is in relation with
the cceliac axis, from which the hepatic artery courses to the right just above
the gland, whilst the splenic branch runs in a groove along this border to the left.
The anterior border is the position where the two layers of the transverse
meso-colon separate the one passing upwards in front of the anterior surface
;

;

:

the other passing backwards below the inferior surface.
The lesser end or tail of the pancreas is narrow it extends to the left as far
as the spleen, and is placed over the left kidney and suprarenal capsule.
Birmingham describes the body of the pancreas as projecting forwards as a
;

prominent ridge into the abdominal cavity and forming a sort of shelf on which
The portion of the pancreas to the left of the middle
the stomach lies. He says
as a result the anterior
line has a very considerable antero-posterior thickness
siu'-face is of considerable extent, it looks strongly upwards and forms a large and
important part of the shelf. As the pancreas extends to the left towards the spleen,
it crosses the upper part of the kidney and is so moulded on to it that the top of
the kidney forms an extension inwards and backwards of the upper surface of
On the other hand, the
the pancreas and extends the bed in this direction.
'

:

;

extremity of the pancreas comes in contact with the spleen in such a way that the
plane of its upper surface runs with little interruption upwards and backwards
into the concave gastric surface of the spleen, which completes the bed behind
and to the left, and running upwards, forms a partial cap for the wide end of the

stomach

'

(see

fig. 599)-'*

The pancreatic
transversely from

Wirsung, from

duct, called the canal of
left to

its

discoverer, extends

right through the substance of the pancreas, nearer to

lower than its upper border, and lying nearer its anterior than its posterior
In order to expose it, the superficial portion of the gland must be
removed. It commences by the junction of the small ducts of the lobules
situated in the tail of the pancreas, and, running from right to left, it constantly
receives the ducts of the various lobules composing the gland, and, considerably
augmented in size, it leaves the head of the pancreas, and, turning obliquely
downwards, backwards and to the right, it gets into relation with the common
bile duct, lying to its left side, and passing very obliquely through the mucous
and muscular coats of the duodenum, it terminates by an orifice common to it
and the ductus communis choledochus upon the summit of an elevated papilla,
situated at the inner side of the descending portion of the duodenum, a little
its

surface.

below its middle.
Sometimes the pancreatic duct and ductus communis choledochus open sepaOccasionally there is an accessory duct, which is
rately into the duodenum.
given off from the canal of Wirsung in the neck of the pancreas and passes
horizontally to the right to open into the duodenum about an inch above the
orifice of

the main duct.

This

is

ductus Santorini.
The pancreatic duct, near the

known as

the ductus iKtncreaticus accessorius or

duodenum,

is

about the size of an ordinary

quill

walls are thin, consisting of two coats, an external fibrous and an internal
mucous the latter is thin, smooth, and furnished near its termination with a

its

;

few scattered follicles.
In structure, the pancreas resembles the salivary glands.
however, in certain particulars, and is looser and softer in
*

Journal of Anatoiinj and

It differs frt)ui
its

Pliysiolofjy, vol. xxxi. pt.

i,

texture.
p.

102.

tiieiii,

It is not

:
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enclosed in a distinct capsule, but is surrounded by areolar tissue, which dips
into its interior, and connects together the various lobules of which it is
composed. Each lobule, hke the lobules of the salivary glands, consists of one
of the ultimate ramifications of the main duct, terminating in a number of C£ecal
pouches or alveoli, which are tubular and somewhat convoluted. The minute
ducts connected with the alveoli are narrow and lined with flattened cells.
The
alveoli are almost completely filled with secreting cells, so that scarcely any

down

lumen

In some animals those

cells which occupy the centre of the
and are known as the centro-acinar cells of L anger hans.
The true secreting ceUs which hne the wall of alveolus are very characteristic.
They are columnar in shape and present two zones an outer one clear and finely
striated next the basement membrane, and an inner granular one next the
lumen. During activity the granular zone occupies the greater part of the cell
is visible.

alveolus are spindle-shaped,

;

before the cells are called into action, whilst in a condition of rest, the outer or
Fig. 623.

—Transverse section through the middle of the
showing the relations of the pancreas.
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zone is the larger. In some secreting cells of the pancreas is a spherical
mass, staining more easily than the rest of the cells this is termed the paranucleus, and is believed to be an extension from the nucleus.
The connective
tissue between the alveoli presents in certain parts collections of cells, which

clear

;

are

termed inter -alveolar

—

cell-islets.

Vessels and Nerves.
The arteries of the pancreas are derived from the splenic
and the pancreatico-duodenal branches of the hepatic and the superior mesenteric.

open into the splenic and superior mesenteric veins. Its lymphatics
terminate in the lumbar glands.
Its nerves are filaments from the splenic
Its veins

plexus.

—

Surface Form. The pancreas lies in front of the first lumbar vertebra, and can sometimes be felt, in emaciated subjects, when the stomach and colon are empty, by making
deep pressure in the ixiiddle line about three inches above the umbilicus.
Surgical Anatomy. The pancreas presents but little of sm'gical importance. It is
occasionally the seat of cancer, which usually affects the head or duodenal end, and
therefore often speedily involves the common bile duct, leading to persistent jaundice.

—

RiB
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Cysts are also occasionally found in it, which may present in the epigastric region, above
and to the right of the umbilicus, and may require opening and draining. The fluid in
them contains some of the elements of the pancreatic secretion, and is very irritating, so
that, if allowed to come in contact with the skin of the abdomhial wall, it is likely to
produce intractable eczema. It has been said that the pancreas is the only abdominal
but even this organ has
viscus which has never been found in a hernial protrusion
been found, in company with other viscera, in rare cases of diaphragmatic hernia. The
pancreas has been known to become invaginated into the intestine, and portions of the
organ have sloughed off. In cases of excision of the pylorus great care must be exercised
to avoid wounding the pancreas, as the escape of the pancreatic fluid may be attended
with serious results. According to BiUroth, it is likely, in consequence of its peptonising
qualities, to dissolve the cicatrix of the stomach.
;

The Spleen
The Spleen belongs

to that class of bodies

which are known

as ductless glands.

probably related to the blood-vascular system, but in consequence of its
anatomical relationship to the liver it is convenient to describe it in this place. It
is situated principally in the left hypochondriac region, its upper and inner
extremity extending into the epigastric region lying between the fundus of the
stomach and the Diaphragm. It is the largest of the ductless glands, and is of an
oblong, flattened form, soft, of very brittle consistence, highly vascular, of a dark
bluish-red colour, and situated in the left hypochondriac region, embracing the
cardiac end of the stomach.
The external or phrenic surface is convex, smooth, and is
Relations.
directed upwards, backwards and to the left, except at its upper end, where it is
It is in relation with the under surface of the Diaphragm,
directed inwards.
which separates it from the ninth, tenth, and eleventh ribs of the left side and in
The internal surface is
part from the lower border of the left lung and pleura.
concave, and divided by a ridge into an anterior or larger, and a posterior or
smaller portion.
It is

;

—

The

anterior ijortlon of

posterior wall of

the internal surface or gastric surface, which is
is broad and concave, and is in contact with the

and inwards,
the great end

directed forwards

of the

stomach

;

and below

this

with the

tail of

It presents near its inner border a long fissure, termed the hilum.
the pancreas.
This is pierced by several irregular apertures, for the entrance and exit of

vessels

The

and nerves.
posterior portion of the internal surface or renal surface

is

directed

inwards and downwards. It is flat, does not reach as high as the gastric surface,
and is in relation with the outer surface of the left kidney and occasionally with
the

left

suprarenal capsule.

The upper

end, thick and rounded, is directed inwards, towards the vertebral
column, where it lies on a level with the tenth or eleventh dorsal vertebra. The
loioer end, sometimes termed the hasal surface, is flat, triangular in shape, and

upon the

and the phreno-colic ligament, and
with the tail of the pancreas. The anterior border is free,
sharp and thin, and is often notched, especially below. It separates the phrenic
from the internal surface. HYie posterior border is more rounded and blunter than
rests

generally

is

splenic flexure of the colon

in contact

the anterior.

It

separates the renal portion of the internal surface from the

It corresponds to the lower border of the eleventh rib and lies
between the Diaphragm and left kidney. The internal border is the name sometimes given to the ridge which separates the renal and gastric portions of the

phrenic surface.

internal surface.

The spleen is held in position by folds of peritoneum one, the suspensory
ligament, passes from the left crus of the Diaphragm to the so-called inner border
of the spleen, from which it is reflected over the gastric and renal surfaces
a
second, the lieno-renal ligament, which is formed by the layers of peritoneum
:

;

forming the greater and lesser sacs, where they come into contact between the
kidney and the spleen. Between the two layers the splenic vessels pass (fig.

left
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and a third, the g astro- splenic omentum, also formed of two layers, derived
592)
from the greater and lesser sacs respectively, where they meet between the
spleen and stomach (fig. 592). Between these two layers run the vasa brevia
It is also supported by the phreno-coHc ligament,
of the splenic artery and vein.
upon which its lower end rests (see page 966).
The size and weight of the spleen are liable to very extreme variations at
different periods of life, in different individuals, and in the same individual under
In the adult, in whom it attains its greatest size, it is
different conditions.
usually about five inches in length, three or four inches in breadth, and an inch
or an inch and a half in thickness, and weighs about seven ounces. At birth, its
;

weight, in proportion to the entire body, is almost equal to what is observed in
the adult, being as i to 350 whilst in the adult it varies from i to 320 and 400.
Ill old age, the organ not only decreases in weight, but decreases considerably in
proportion to the entire body, being as i to 700. The size of the spleen is
:

increased during and after digestion, and varies considerably according to the
state of nutrition of the body, being large in highly-fed, and small in starved
animals. In intermittent and other fevers it becomes much enlarged, weighing
occasionally from 18 to 20 pounds.
Fia. 624.

—Transverse section

of the spleen,

and the splenic vein and

showing the trabecular tissue

its

branches.

Frequently in the neighbourhood of the spleen, and especially in the gastroand great omenta, small nodules of splenic tissue may be found, either
They are
isolated or connected to the spleen by thin bands of splenic tissue.
known as supernumerary or accessory spleens. They vary in size from a pea to
a plum.
Structure.— The spleen is invested by two coats an external serous, and an
splenic

—

internal fibro-elastic coat.

derived from the peritoneum it is thin, smooth,
and in the human subject intimately adherent to the fibro-elastic coat. It invests
the entire organ, except at the places of its reflection on to the stomach and

The

external or serous coat

is

;

Diaphragm and at the hilum.
The fibro-elastic coat forms the framework of the spleen. It invests the
exterior of the organ, and at the hilum is reflected inwards upon the vessels m
the form of vaginge or sheaths.
surface of the fibro-elastic coat,
are given off in all directions

the spleen.

The framework

;

From

these sheaths, as well as from the inner

numerous small fibrous bands, trabecule (fig. 624),
these uniting, constitute the areolar framework of

of the spleen resembles, therefore, a sponge-like

3T
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material, consisting of a number of small spaces or areola, formed by the
which are given off from the inner surface of the capsule, or from the

trabeeulae,

sheaths prolonged inwards on the blood-vessels. And in these spaces or areolae
contained the s^ilenic imlio.
The proper coat, the sheaths of the vessels and the trabeeulae, consist of a
dense mesh of white and yellow elastic fibrous tissues, the latter considerably
predominating. It is owing to the presence of this tissue that the spleen
possesses a considerable amount of elasticity, which allows of the very great
In addition to
variations in size that it presents under certain circumstances.
these constituents of this tunic, there is found in man a small amount of nonand in some mammalia (e.g. dog, pig, and cat) a very
striped muscular fibre
considerable amount, so that the trabeeulae appear to consist chiefly of muscular
It is probably owing to this structure that the spleen exhibits, when
tissue.
acted upon by the galvanic current, faint traces of contractility.
The 2:>ro])er substance of the siyleen or spleen inilp is a soft mass of a dark
reddish-brown colour, resembling grumous blood. When examined, by means
of a thin section, under the microscope, it is found to consist of a number of
The cells are connectivebranching cells, and of an intercellular substance
tissue corpuscles, and have been named the siistentacular or supporting cells of
The processes of these branching cells communicate with each other,
the p)ulp.
thus forming a delicate reticulated tissue in the interior of the areolae formed by
So that each primary space may be considered
the trabeeulae of the capsule.
to be divided into a number of smaller spaces by the junction of these processes
These secondary spaces contain blood, in which,
of the branching corpuscles.
however, the white corpuscles are found to be in larger proportion than they
are in ordinary blood. The sustentacular cells are either small, uni-nucleated,
they do not become deeply stained with
or larger, multi-nucleated cells
carmine, like the cells of the Malpighian bodies, presently to be described (W.
In many
Miiller), but like them they possess amoeboid movements (Cohnheim).
of them may be seen deep red or reddish-yellow granules of various sizes, which
Sometimes, also, unchanged
present the characters of the haematin of the blood.
blood-discs are seen included in these cells, but more frequently blood-discs are
found which are altered both in form and colour. In fact, blood-corpuscles in all
Klein has
stages of disintegration may be noticed to occur within them.
recently pointed out that sometimes these cells, in the young spleen, contain a
that is to say, the nucleus is of large size, and presents a
proliferating nucleus
number of knob-like projections, as if small nuclei were budding from it by a
process of gemmation. This observation is of importance, as it may explain one
possible source of the colourless blood-corpuscles.
The interspaces or areolae formed by the framework of the spleen are thus
filled by a delicate reticulum of branched connective-tissue corpuscles, the
interstices of which are occupied by blood, and in which the blood-vessels
terminate in the manner now to be described.
Blood-vessels of the Spleen.
The splenic artery is remarkable for its large size
It
in proportion to the size of the organ, and also for its tortuous course.
divides into from four to six branches, which enter the hilum of the spleen and
ramify throughout its substance (fig. 625), receiving sheaths from an involution
of the external fibrous tissue.
Similar sheaths also invest the nerves and veins.
Each branch runs in the transverse axis of the organ, from within outwards,
diminishing in size during its transit, and giving off in its passage smaller
branches, some of which pass to the anterior, others to the posterior part.
These
ultimately leave the trabecular sheaths, and terminate in the proper substance
of the spleen in small tufts or pencils of minute arterioles, which open into the
interstices of the reticulum formed by the branched sustentacular cells.
Each of
the larger branches of the artery supplies chiefly that region of the organ in
which the branch ramifies, having no anastomosis with the majority of the other
branches.

is

;

;

;

—
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The arterioles, supported by the minute trabeculae, traverse the pulp in all
directions in bundles or pencilli of straight vessels.
Their external coat, on
leaving the trabecular sheaths, consists of ordinary connective tissue, but it
gradually undergoes a transformation, becomes much thickened, and converted
This change is effected by the conversion of the
into a lynaphoid material.*
connective tissue into a cytogenous tissue
the bundles of connective tissue
;

becoming looser and laxer, their fibrils more delicate, and containing in their
interstices an abundance of lymph-corpuscles (W. Mliller).
This lymphoid
material is supplied with blood by minute vessels derived from the artery with
which they are in contact, and which terminates by breaking up into a network
of capillary vessels.

The altered coat of the arterioles, consisting of lymphoid tissue, presents here
and there thickenings of a spheroidal shape, the Maliyighian bodies of the spleen.
These bodies vary in size from about the -j^ of an inch to the 3V of a^ iiidi in
They are merely local expansions or hyperplasiae of the lymphoid
diameter.
tissue, of which the external coat of the smaller arteries of the spleen is formed.
They are most frequently found surrounding the arteriole, which thus seems to
tunnel them, but occasionally they grow from one side of the vessel only, and
present the appearance of a sessile bud growing from the arterial wall. Klein,
Fig. 625.

— Transverse section of the human spleen, showing the distribution
of the splenic artery

and

its

branches.

this, and says it is incorrect to describe the Malpighian bodies
masses of adenoid tissue, but that they are always formed around an
though there is generally a greater amount on one side than the other,

however, denies
as isolated
artery,

and that, therefore, in transverse sections, the artery, in the majority of cases, is
found in an eccentric position. These bodies are visible to the naked eye on the
surface of a fresh section of the organ, appearing as minute dots of a semi-opaque
whitish colour in the dark substance of the pulp. In minute structure they
resemble the adenoid tissue of lymphatic glands, consisting of a delicate reticulum,
in the meshes of which he ordinary lymphoid cells.
The reticulum of the tissue is made up of extremely dehcate fibrils, and is
comparatively open in the centre of the corpuscle, becoming closer at the
periphery of the body. The cells which it encloses, like the supporting cells of
the pulp, are possessed of amoeboid movements, but when treated with carmine
become deeply stained, and can thus easily be recognised from those of the
pulp.
*
According to Klein, it is the sheath of the small vessel which undergoes this transformation, and°forms a sohd mass of adenoid tissue which surrounds the vessel like a
cylindrical shea^ih: —Atlas of Histology, p. 424'
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OEGANS OF DIGESTION
The

which traverse the pulp in all direcbecome much attenuated, lose their tubular character, and the
cells of the lymphoid tissue of which they are composed become altered,
presenting a branched appearance, and acquiring processes which are directly
tions

;

arterioles terminate in capillaries,

their walls

connected with the processes of the sustentacular

manner the

this

capillary vessels terminate,
finds its

Fig. 626.

— Part of a Malpighian cap-

sule of the spleen of nian.

(Klein

and Noble Smith.)

cells of the

pulp

(fig.

In

627).

and the blood flowing through them

way

lated tissue

into the interstices of the reticu-

formed by the branched con-

nective-tissue corpuscles of the splenic pulp.

Thus the blood passing through the spleen
brought into intimate relation with the
elements of the pulp, and no doubt undergoes
important changes.
After these changes have taken place the
blood is collected from the interstices of the
is

tissue

by the

rootlets

commence much

in

arteries terminate.

commence

the

of

the

Where

the veins,

same way
a vein

connective-tissue

is

which
as

the

about to

corpuscles

pulp arrange themselves in rows, in
such a way as to form an elongated space or
sinus.
They become changed in shape, being
elongated and spindle-shaped, and overlap each
other at their extremities.
They thus form a
sort of endothelial lining of the path or sinus,
of the

a.

Arterial branch in longitudinal section, b. Adenoid tissue, still containing the lymph-corpuscles
ouly their nuclei are shown, c. Adenoid
reticulum, the lymph-corpuscles accidentally
removed.
;

which

is

the radicle of a vein.

On

the outer

surface of these cells are seen delicate trans-

verse lines or markings, which are due to minute
circular manner around the sinus. Thus the channel
investment, and gradually becomes converted into
time presents a coat of ordinary connective tissue,

elastic fibrillse arranged in a
obtains a continuous external

which after a
by a layer of fusiform
epithelial cells, which are continuous with the supporting cells of the pulp.
The
smaller veins unite to form larger ones, which do not accompany the arteries.
Fig. 627.

a small vein,

lined

— Section of spleen, showing the termination
Sujyporting cells

of the

small blood-vessels.

Vessel undergoing lymjplioid change

\
Ves'sel

continuous

itith lyrocesses of
supiwrting cells

Small*-

artery

but soon enter the trabecular sheaths of the capsule, and by their junction form
from four to six branches, which emerge from the hilum, and, uniting, form the
splenic vein, the largest radicle of the vena porta.
The veins are remarkable for their numerous anastomoses, while the arteries

hardly anastomose at

all.
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The lymphatics
and

The two

sets

i.e.

from the sheaths

of the arteries

The former accompany the

lymphatic plexus which

to the superficial

organ.

two ways,

originate in

in the trabeculae.
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communicate

may

blood-vessels, the latter pass
be seen on the surface of the

They pass

in the interior of the organ.

through the lymphatic glands at the hilum, and terminate in the thoracic duct.
The nerves are derived from branches of the right and left semilunar gangha,
and from the right pneumogastric nerve.

—

Surface Form. The spleen is situated under cover of the ribs of the left side, being
separated from them by the Diaphragm, and above by a small portion of the lower margin
of the left lung and pleura.
Its position corresponds to the ninth, tenth, and eleventh
ribs.
It is placed very obliquely.
It is oblique in two directions, viz. from above downwards and outwards, and also from above downwards and forwards (Cunningham).
Its
highest and lowest points are on a level respectively with the ninth dorsal and first lumbar
spines its inner end is distant about an inch and a half from the median plane of the
body, and its outer end about reaches the mid-asillary line (Quain).
Surgical Anatomy. Injury of the spleen is less common than that of the liver, on
accomit of its jjrotected situation and connections. It may be ruptured by direct or indirect
violence
torn by a broken rib or injured by a punctured or gunshot wound. When
the organ is enlarged, the chance of ruptm-e is increased. The great risk is haemorrhage, owing to the vascularity of the organ, and the absence of a proper system of
capillaries.
The injury is not, however, necessarily fatal, and this would appear to be due,
a great measure, to the contractile power of its capsule, which narrows the wound and
prevents the escape of blood. In cases where the diagnosis is clear and the symptoms
indicate danger to life, laparotomy must be performed, and if the haemorrhage cannot be
stayed by ordinary siugical methods, the spleen must be removed. The spleen may become
displaced, producing great pain from stretching of the vessels and nerves, and this mav
require removal of the organ. The spleen may become enormously enlarged in certain
diseased conditions, such as ague, s^-philis, valvular disease of the heart, or without any
obtainable history of previous disease. It va&j also become enlarged in Ij'mphadenoma,
as a part of a general blood-disease.
In these cases the tiunour may sometimes till the
abdomen and extend into the pelvis, and may be mistaken for ovarian or uterine disease.
The spleen is sometimes the seat of cystic tumours, especially hydatids, and of abscess.
Tliese cases require treatment by incision and drainage and in abscess great care must be
taken, if there are no adhesions between tire spleen and abdominal cavit.y, to prevent the
escape of any of the pus into the peritoneal cavity. If possible the operation should be
performed in two stages, as in abscess of the liver. Sarcoma and carcinoma are occasionally
found in the spleen, but very rarelj^ as a primary disease.
Extirpation of the spleen has been performed for wounds or injuries, in floating spleen,
in simple hypertrophy, and in leuksemic enlargement but in these latter cases the
operation is now regarded as unjustifiable, as every case in wdiich it has been performed
has terminated fatally. The incision is best made in the left semilunar line the spleen
is isolated from its surroundings, and the pedicle transfixed and ligatured in two portions,
before the tumour is turned out of the abdominal cavity, if this is possible, so as to avoid
any traction on the pedicle, vrhich may cause tearing of the splenic vein. In applying
the ligatm-e care must be taken not to include the tail of the pancreas, and in lifting out
the organ to avoid rupturing the capsule.
'

'

'

;

'

—

;

;

m

;

;

;
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Thorax
THEenclosed
in

is
its

a cone-shaped cavity, containing

membranous

and protecting the heart,
and the lungs, invested

bag, the i^ericardium

;

Its shape and boundaries have already been described (see
by the pleura.
page 210).
The cavity of the thorax. The size of the cavity of the thorax does not
correspond with its apparent size externally, because (i) the space enclosed by
the lower ribs is occupied by some of the abdominal viscera and (2) the cavity
extends above the first rib into the neck. The size of the cavity of the thorax is
constantly varying during life with the movements of the ribs and Diaphragm,
and with the degree of distension of the abdominal viscera. From the collapsed
state of the lungs in the dead body, it would appear as if the viscera only partly
filled the cavity of the thorax, but during life there is no vacant' space, that which
is seen after death being filled up by the expanded lungs.
The upper opening of the thorax. The parts which pass through the upper
opening of the thorax are, from before backwards in the middle line, the Sternohyoid and Sterno-thyroid muscles, the remains of the thymus gland, the trachea,
oesophagus, thoracic duct, and the Longus colli muscle of each side at the sides,
the innominate artery, the left common carotid and left subclavian arteries, the
internal mammary and superior intercostal arteries, the right and left innominate veins, and the inferior thyroid veins, the pneumogastric, cardiac, phrenic,
and sympathetic nerves, the anterior branch of the first dorsal nerve, and the
recurrent laryngeal nerve of the left side.
The apex of each lung, covered by
the pleura, also projects through this aperture, a little above the margin of the

—

;

—

;

first rib.

The lower opening

of the thorax

is

wider transversely than from before back-

downwards and backwards, so that the cavity of the
is much deeper behind than in front.
The Diaphragm (see page 443)
closes in the opening, forming the floor of the thorax.
The floor is flatter at the
centre than at the sides, and is hisrher on the right side than on the left, corresponding in the dead body to the upper border of the fifth costal cartilage on
the former, and to the corresponding part of the sixth costal cartilage on -the
latter. From the highest point on each side the floor slopes suddenly downwards
to the attachment of the Diaphragm to the ribs
this is more marked behind
than in front, so that only a narrow space is left between it and the wall of the

wards.
thorax

It slopes obliquely

;

thorax.

The Peeicaedium
The Pericardium
heart and the

(figs.

628, 629)

commeu cement

is

a conical

membranous

sac, in

of the great vessels are contained.

behind the sternum, and the cartilages of the thkd, fourth,
ribs of the left side, in the interval

fifth, sixth,

which the

It is

placed

and seventh

between the pleurae.
upwards, and surrounds the great vessels about two
inches above their origin from the base of the heart. Its base is attached to the
central tendon and part of the adjoining muscular structure of the Diaphragm,
extending a little farther to the left than to the right side. In front it is
Its a2Jex is directed
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separated from the sternum by the remains of the thymus gland above, and a
below and is covered by the margins of the lungs,
Behind, it rests upon the bronchi, the oesophagus, and the
especially the left.
descending aorta. Laterally, it is covered by the pleursB the phrenic nerve,
with its accompanying vessels, descending between the two membranes on either

httle loose areolar tissue

;

;

side.

Structure of the Pericardium.

and

consists, therefore, of

Fig. 628.

two

—Pericardium, from in

(From a preparation
72 r

— The pericardium

layers,

in the

is

a fibro-serous

membrane,

an external fibrous and an internal serous.

front.

The

Museum

sac has been distended with plaster.
Eoyal College of Surgeons.)

of the

,W^SirPuJ2clcw. cu^t.

Zeft! cccrobioi

Jjou>du^ (Zrt-

£f ut/zc/-/i-l/.'-(-

—

PuZmy.
V.

-

Cl-'PuZmy.
I/.

layer is a strong, dense membrane. Above, it surrounds the great
from the base of the heart, on which it is continued in the form
the
of tubular prolongations, which are gradually lost upon their external coat
traced,
may
be
pericardium
The
strongest being that which encloses the aorta.
over these vessels, to become continuous with the deep layer of the cervical
fascia.
In front the pericardium is connected to the posterior surface of the
sternum by two fibrous bands, the superior and inferior sterno-pericardiac ligaments the upper passing to the manubrium, and the lower to the ensiform cartilage.
On each side of the ascending aorta it sends upwards a diverticulum; the one on
the left side, somewhat conical in shape, passes upwards and outwards; between

The fibroics

vessels arising

;

;
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the arch of the aorta and the puhxLonary artery, as far as the ductus arteriosus,
where it terminates in a caecal extremity which is attached by loose connective
Tlie one on the right side jDasses
tissue to the obhterated duct (fig. 628).
upwards and to the right, between the ascending aorta and vena cava superior,
and also terminates in a caecal extremity. Below, the fibrous layer is attached
to the central

tendon

of the

Diaphragm

and, on the

;

left

side, to its

muscular

fibres.

The

vessels receiving fibrous prolongations from this

aorta, the superior

Fig.

vena cava, the right and

left

pulmonary

(From the same

629.— Pericardium, from behind.
preceding

{^^

the

jpreparation as the

Ri
^'

"

f
^ Cnn^/'rL.
;; 'Z

J^^j^n wra.
i

are,

and the four

figiu-e.)

L-ft

K- T^dm.onM.n^ A.

membrane
arteries,

i/.

I/.

fit.

^

y-A'

r

-^

I

^

Stu-pMAit/X- a.

,-^

\

pulmonary veins.
As the inferior vena cava enters the pericardium through
the central tendon of the Diaphragm, it receives no covering from the fibrous
layer.

The

serous layer invests the heart,

of the pericardium.

and

is

then reflected on the inner surface

and parietal portion.
invests the surface of the heart, and the commencement of the great
vessels, to the extent of an inch and a half from their origin
from these it is
reflected upon the inner surface of the fibrous layer, lining, below, the upper
surface of the central tendon of the Diaphragm. The serous membrane encloses
It consists, therefore, of a visceral

The former

;

the aorta and pulmonary artery in a single tube

;

but

it

only partially covers the
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superior and inferior vena cava and the four pulmonary
veins. Its inner surface
is smooth and ghstening, and secretes a thin fluid,
which serves to facihtate the
movements of the heart.
Arteries of the jJericardium.—These are derived from the
internal mammary
Its musculo-phrenic branch, and from the
descending thoracic aorta.
Nerves of the per icardmvi. —These are branches from the vagus,
the phrenic,

and

and the sympathetic.
The vestigial fold of the jjericardium.—Between the left pulmonary
artery and
the left pulmonary vein is a triangular reduplicature of the serous
pericardium
It IS

known
Fig.

I.

Pulmouary

as the vestigial fold of Marshall.

It is

formed by the duphcature

of

630.— Front view

of the thorax.
The ribs and sternum are represented
ni relation to the lungs, heart, and other internal organs.

orifice.

2.

Aortic

orifice.

3.

Left aurionlo-ventricular

orifice.

4.

Eight aiiriculo-ventricular

orifice.

the serous layer over the remnant of the lower part of the left superior cava
(duct of Cuvier), which, after birth, became obliterated, and remains as a fibrous

band stretching from the

left

duplicature also contains

some adipose

superior intercostal vein to the
tissue, vessels,

left

auricle.

The

and nerves.

—

Surgical Anatomy. Paracentesis of the pericardium is sometimes required in cases of
effusion into its cavity.
Tlie operation is best performed in the fifth intercostal space, one
inch to the left of the sternum. The operation has been performed, however, in the
fourth, sixth, and seventh spaces, and also on the right side of the sternum.

The Heart
The Heart is a hollow muscular organ of a conical form, placed between the
and enclosed in the cavity of the pericardium.

lungs,
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—

The heart is placed obhquely in the chest the broad attached end,
directed upwards, backwards, and to the right, and corresponds to the
interval between the fifth and eighth dorsal vertebrae
the apex is directed
downwards, forwards, and to the left, and corresponds to the space between the
Position.

or base,

:

is

;

and sixth ribs, three-quarters of an inch to the inner side, and
an inch and a half below the left nipple. The heart is placed behind the lower
two-thirds of the sternum, and projects farther into the left than into the right
cavity of the chest, extending from the median line about three inches in the
former direction, and only one and a half in the latter. The anterior surface
of the heart is round and convex, directed upwards and forwards, and formed
chiefly by the right ventricle and part of the left.
Its posterior surface is flattened, and rests upon the Diaphragm, and is formed chiefly by the left ventricle.
The right border is long, thin, and sharp the left border short, but thick and
cartilage of the fifth

;

round.

— The heart, in

the adult, measures five inches in length, three inches
and two inches and a half in thickness.
The prevalent weight, in the male, varies from ten to twelve ounces in the female,
from eight to ten: its proportions to the body being as i to 169 in males; i to
149 in females. The heart continues increasing in weight, and also in length,
Size.

and a half in breadth

in the broadest part,

;

up

breadth, and thickness,

marked in men than
Component Parts.

in

—

to

an advanced period

women.
The heart

is

of life

:

this increase is

more

subdivided by a longitudinal muscular septum

which are named

respectively, from their position, right
and a transverse constriction subdivides each half of the organ into
cavities, the upper cavity on each side being called the auricle, the lower
the ventricle. The right is the venous side of the heart, receiving into its auricle
the dark venous blood from the entire body, by the superior and inferior vena
cava, and coronary sinus.
From the right auricle the blood passes into the
right ventricle, and from the right ventricle, through the pulmonary artery,
into the lungs.
The blood, arterialised by its passage through the lungs, is
returned to the left side of the heart by the pulmonary veins, which open into
the left auricle
from the left auricle the blood passes into the left ventricle,
and from the left ventricle is distributed, by the aorta and its subdivisions,
into

two

and
two

left

lateral halves,

;

;

through the entire body.

This constitutes the circulation of the blood in the

adult.

The
surface.

division of the heart into four cavities

The

is

indicated by grooves

upon

its

great transverse groove separating the auricles from the ventricles

called the auriculo -ventricular groove.
It is deficient, in front, from being
crossed by the root of the pulmonary artery. It contains the trunks of the
nutrient vessels of the heart.
The auricular portion occupies the base of the

is

The two
by two longitudinal furrows,
the interventricular grooves, which are situated one on the anterior, the other on
the posterior surface these extend from the base of the ventricular portion to
the apex of the organ the former being situated nearer to the left border of the
heart, and the latter to the right.
It follows, therefore, that the right ventricle
forms the greater portion of the anterior surface of the heart, and the left ventricle
heart,

and

is

subdivided into two cavities by a median septum.

ventricles are also separated into a right

and

left,

;

;

more of its posterior surface
Each of these cavities should now be separately examined.
To examine the interior of the right auricle, an incision should be ixiade along its right
border, from the entrance of the superior vena cava to that of the inferior, A second
cut is to be made from the centre of this first incision to the tip of the auricular appendix,
and the flaps raised.

The Right Auricle
measuring about one
ounces.

is

It consists of

appendix auricula.

a

line

little
;

left, its walls somewhat thinner,
capable of containing about two
a principal cavity, or sinus venosus, and an

larger than the

and

its

two parts

:

cavity

is
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the large quadrangular cavity, placed between the two venae
it
is connected below wdth the right
are extremely thin
ventricle, and internally with the left auricle, being free in the rest of its extent.
The appendix auriculce, so called from its fancied resemblance to a dog's ear,
is a small conical muscular pouch, the margins of which present a dentated edge.
It projects from the sinus forwards and to the left side, overlapping the root of

The

cavse

;

sinus

its

is

walls

;

the aorta.

The internal surface of the right auricle is smooth, except in the appendix and
adjacent part of the anterior wall of the sinus venosus, where it is thrown into
parallel ridges.
Fig. 631.

— The'right auricle and ventricle laid open, the anterior
walls of both being removed.

Foramina Thebesi
Tubercuhim Lo

Bristle passed through right
auricula-ventricular ojjening

It presents the following parts for
/

examination

:

Superior cava.
Inferior cava.

Openings

-^

Coronary

Valves

sinus.

(Eustachian.
Coronary.

1

Foramina Thebesii.
V

Auriculo-ventricular.

Eelics of foetal
structure

Musculi

(Annulus, ovalis.
(Fossa ovalis.
pectinati.

Tuberculum Loweri.
the body,

The superior vena cava returns the blood from the upper half of
of its onhce
and opens into the upper and back part of the auricle, the dn^ection
forwards.
being downwards and
n
+u
n
blood from the
The i7iferior vena cava, larger than the superior, returns the
the auricle, near the
lower half of the body, and opens into the lowest part of
The direction ot
inwards.
and
upwards
being
orifice
its
septum, the direction of
be towards
consequently
would
a current of blood through the superior vena cava
j?

the auriculo-ventricular orifice

;

whilst the direction of the blood through the
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iBferior

cava would be towards the auricular septum.

tion of the

two currents

in foetal

This

the normal direc-

is

life.

Loiveri is a small projection on the right wall of the auricle,
venae
cavae. It is most distinct in the hearts of quadrupeds in
the
two
between
man it is scarcely visible. It was supposed by Lower to direct the blood from
the superior cava towards the auriculo-ventricular opening.
The coronary sinus opens into the auricle, between the inferior vena cava and
It returns the blood from the substance of the
the auriculo-ventricular opening.
heart, and is protected by a semicircular fold of the hning membrane of the
The sinus, before entering the auricle, is considerauricle, the coronary valve.
Its wall is partly
ably dilated nearly to the size of the end of the little finger.

The tuberculum

;

—

at its junction with the great coronary vein, is somewhat
and furnished with a valve, consisting of two unequal segments.
The foramina Thebesii are numerous minute apertures, the mouths of small
veins {veiics cordis minima), which open on various parts of the inner surface of
the auricle. They return the blood directly from the muscular substance of the
heart.
Some of these foramina are minute depressions in the walls of the heart,

muscular, and,
constricted,

presenting a closed extremity.
The auriculo-ventricular opening is the large oval aperture of communication
between the auricle and the ventricle, to be presently described.
The Eustachian valve is situated between the anterior margin of the inferior
vena cava and the auriculo-ventricular orifice. It is semilunar in form, its convex
margin being attached to the wall of the vein its concave margin, which is free,
;

terminating in two cornua, of which the left is attached to the anterior edge of
the annulus ovalis the right being lost on the wall of the auricle. The valve is
formed by a duplicature of the lining membrane of the auricle, containing a few
;

muscular fibres.
In the foitus this valve is of large size, and serves to direct the lilood from the
inferior vena cava, through the foramen ovale, into the left auricle.
In the adult it is occasionally persistent, and may assist in preventing the
reflux of blood into the inferior vena cava
more commonly it is small, and its
free margin presents a cribriform or filamentous appearance
occasionally it is
;

;

altogether wanting.

The coronary valve (valve of Thebesius) is a semicircular fold
membrane of the auricle, protecting the orifice of the coronary sinus.

of the lining
It

prevents

the regurgitation of blood into the sinus during the contraction of the auricle.
This valve is occasionally double.
The fossa ovalis is an oval depression, corresponding to the situation of the

foramen ovale in the foetus. It is situated at the lower part of the septum auricularum, above and to the left of the orifice of the inferior vena cava.
The annulus ovalis is the prominent oval margin of the foramen ovale. It is

most distinct above, and at the sides below, it is deficient. A small slit-like
valvular opening is occasionally found, at the upper margin of the fossa ovalis,
which leads upwards, beneath the annulus, into the left auricle, and is the remains
of the aperture between the two auricles in the foetus.
;

The musculi pectinati are small, prominent, muscular columns, w^hich run
across the inner surface of the appendix auriculae and adjoining portion of the
wall of the sinus.
They have received the name j^'^ciindti from the fancied
resemblance they bear to the teeth of a comb.
The Right Ventricle is triangular in form, and extends from the right auricle
to near the apex of the heart.
Its anterior or upper surface is rounded and
convex, and forms the larger part of the front of the heart. Its under surface is
flattened, rests upon the Diaphragm, and forms only a small part of the back of
the heart. Its posterior wall is formed by the partition between the two ventricles,
the seiJtum ventriculorum, the surface of which is convex, and bulges into the
cavity of the right ventricle.
Its upper and inner angle is prolonged into a
conical pouch, the infundihulum, or conus arteriosus, from which the pulmonary
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The walls of the right ventricle are thinner than those of the left,
artery rises.
the proportion between them being as i to 3. The wall is thickest at the base,
and gradually becomes thinner towards the apex. The cavity, which equals that
of the left ventricle, is capable of containing about three fluid ounces.*
To examine the interior of the right ventricle, an incision should be made a little to
the right of the anterior interventricular groove from tlie pulmonary artery to the apes of
the heart, and should be carried up from thence a Httle to the right of the posterior
interventricular groove, as far as the auriculo-ventricular opening.

The following

parts present themselves for examination
.

penm^

J

Auriculo-ventricular.

Opening

(

:

of the

pulmonary

artery.

(Tricuspid.
Valves o
-1
bemilunar.

^^

,

1

I

And

a muscular and tendinous apparatus connected with the tricuspid valve

Columnse earner.

The

auriculo-ventricular orifice

between the auricle and

Chordse
is

ventricle.

:

tendineffi.

the large oval aperture of communication
It is situated at the base of the ventricle,

near the right border of the heart. The opening is about an inch in diameter,t
oval from side to side, surrounded by a fibrous ring, covered by the lining membrane of the heart, and rather larger than the corresponding aperture on the left
side, being sufficiently large to admit the ends of four fingers.
It is guarded bv
the tricuspid valve.
The opening of the pulmonary artery is circular in foi"m, and situated at the
summit of the conus arteriosus, close to the septum ventriculorum. It is placed
on the left side of the auriculo-ventricular opening, upon the anterior aspect of
the heart. Its orifice is guarded by the pulmonary semilunar valves.

The tricuspid valve consists of three segments of a triangular or trapezoidal
shape, formed by a duplicature of the lining membrane of the heart, strengthened
by a layer of fibrous tissue, and containing, according to Klirschner and Senac,
These segments are connected by their bases to the auriculoand by their sides with one another, so as to form a
continuous annular membrane, w^hich is attached round the margin of the
auriculo-ventricular opening, their free margins and ventricular surfaces
affording attachment to a number of dehcate tendinous cords, the chorda tendinece.
The largest and most movable segment is placed towards the left side of the
auriculo-ventricular opening, interposed between that opening and the pulmonary
artery.
Another segment corresponds to the front of the ventricle and a third
to its posterior wall.
The central part of each segment is thick and strong the
The chordse tendineae are connected with
lateral margins are thin and indented.
the adjacent margins of the principal segments of the valve, and are further
attached to each segment in the following manner: i. Three or four reach the
attached margin of each segment, where they are continuous w^ith the auriculoventricular tendinous ring.
2. Others, four to six in number, are attached to the
muscular

fibres.

ventricular orifice,

;

:

* Morrant Baker says that, taking the mean of various estimates, it may be inferred
Kirke's Physiology,
that each ventricle is able to contain four to six ounces of blood.'
loth edition, p. 156.
t In the Pathological Transactions, vol. vi. p. 119, Dr. Peacock has given some
careful researches upon the weight and dimensions of the heart in health and disease.
He states, as the result of his investigations, that, in the healthy adult heart, the right
auriculo-ventricular aperture has a mean circumference of 54*4 lines, or 4f-£ inches the
left auriculo-ventricular aperture a mean circruiiference of 44.'3 lines, or 3|| inches
the puhuonic orifice of 40 lines, or 3i|- inches and the aortic orifice of 35-5 lines, or t,^^
inches but the dimensions of the orifices varied greatly in different cases, the auriculoventricular aperture having a range of from 45 to 60 lines, and the others in the same
'

—

;

;

;

;

proportion.

;
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The most
central thickened part of each segment.
3.
are connected with the marginal portion of each segment.

numerous and

finest

The columncB carnece are the rounded muscular columns which project from
nearly the whole of the inner surface of the ventricle, excepting near the opening
They may be
of the pulmonary artery, where the wall becomes smooth.
classified, according to their mode of connection with the ventricle, into three
The first set merely form prominent ridges on the inner surface of the
sets.
ventricle, being attached by their entire length on one side, as well as by their
The second

by their two extremities, but are free
whilst the third set {musculi papillares) three or four
in number, are attached by one extremity to the wall of the heart, the opposite
extremity giving attachment to the chordce tendinecB.
extremities.

in the rest of their extent

set are attached

;

,

The semilunar valves, three in number,* guard the orifice X)f the pulmonary
They consist of three semicircular folds, two anterior (right and left) and
one posterior, formed by a duplicature of the lining membrane, strengthened by
They are attached, by their convex margins, to the wall of the
fibrous tissue.
artery.

junction with the ventricle, the straight border being free, and
in the course of the vessel, against the sides of which the
The
valve-flaps are pressed during the passage of the blood along the artery.
free margin of each is somewhat thicker than the rest of the valve, is strengthened
by a bundle of tendinous fibres, and presents, at its middle, a small projecting
thickened nodule, called corpus Arantii.'f From this nodule tendinous fibres
radiate through the valve to its attached margin, and these fibres form a constituent part of its substance throughout its whole extent, excepting two narrow
iunated portions, the InnulcB, placed on each side of the nodule immediately
behind the free margin here the valve is thin, and formed merely by the lining
membrane. During the passage of the blood along the pulmonary artery these
valves are pressed against the sides of the cylinder, and the course of the blood
along the tube is uninterrupted but during the ventricular diastole, when the
current of blood along the pulmonary artery is checked, and partly thrown back
by its elastic walls, these valves become immediately expanded, and effectually
When the valves are closed, the Iunated portions
close the entrance of the tube.
of each are brought into contact with one another by their opposed surfaces, the
three corpora Arantii filling up the small triangular space that would be otherwise left by the approximation of the three semilunar valves.
Between the semilunar valves and the commencement of the pulmonary
These are the
artery are three pouches or dilatations, one behind each valve.
pulmonary sinuses {sinuses of Valsalva). Similar sinuses exist between the
semilunar valves and the commencement of the aorta they are larger than the
pulmonary sinuses. The blood, in its regurgitation towards the heart, finds its
way into these sinuses, and so shuts down the valve-flaps.
artery, at

directed

its

upwards

;

;

;

In order to examine the interior of the left auricle, make an incision on the posterior
surface of the auricle from the puhnonary veins on one side to those on the other, the
incision being carried a little way into the vessels.
Make another incision from the
middle of the horizontal one to the appendix.

The

Left Auricle

is

rather smaller than the right

;

its

walls thicker, measuring

* The pulmonary semilunar valves have been found to be two in number instead of
three (Dr. Hand, of St. Paul, Minn., in tlie
orth-Western Med. and Surg. Journ., July
1873), ^^^ fhe same variety is ixiore frequently noticed in the aortic semilunar valves.
t In former editions, as well as in other text-books on anatomy, these little nodules
have been described as fibro-cartilaginous in structure. At my request, Dr. Le Cronier
Lancaster, Demonstrator of Anatomy at St. George's Hospital, has investigated this
subject, and reports that the corpora Arantii' appear to consist of bmidles of interlacing
connective-tissue fibres with branched connective-tissue cells, and some few elastic fibres.
Occasionally a rounded cell, with indistinct capsule, resembling a cartilage cell, was seen
but there were not many of them. At the free edge of the corpus the structure is denser,
there being a larger proportion of fibres to cells than in the central portion. He thinks the
structure of the corpus should be put down as fibrous and not fibro-cartilaginous.

N
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about one line and a half it consists, like the right, of two parts, a principal
cavity, or sinus, and an appendix auriculce.
The sinus is ctiboidal in form, and concealed, in front, by the pulmonary
artery and aorta internally, it is separated from the right auricle by the septum
auricularum behind, it receives on each side the pulmonary veins, being free in
;

;

;

the rest of

its

extent.

The appendix

auriculce

is

somewhat

constricted at

and more curved than that

its

junction with the

and
margins more deeply indented, presenting a kind of foliated appearance. Its
direction is forwards and towards the right side, overlapping the root of the
auricle

;

it is

longer, narrower,

of the right side,

its

pulmonary artery.
The following parts

pr^esent themselves for examination

:

The openings

of the four pulmonary veins.
Auriculo-ventricular opening.

Musculi

pectinati.

veins, four in number, open, two into the right, and two into
the auricle. The two left veins frequently terminate by a common
They are not provided with valves.

The pulvionary
the

left side of

opening.

Fig. 632.

— The

and ventricle laid open, the posterior walls
of both being removed.

left a-uricle

Bi
ait)

istle 2^0'Ssed

through left
opening

icido ventricular

Passed through aortic opening

The auriculo-ventricular opening is the large oval aperture of communication
between the auricle and ventricle. It is rather smaller than the corresponding
opening on the opposite side (see note, page 102 1).
The musculi pectinati are fewer in number and smaller than on the right side
;

they are confined to the inner surface of the appendix.
On the inner surface of the septum auricularum may be seen a lunated
of which is turned
impression, bounded below by a crescentic ridge, the concavity
auricle.
upwards. The depression is just above the fossa ovahs in the right
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To examine the interior of the left ventricle, make an incision a little to the left of the
anterior interventricular groove from the base to the apex of the heart, and carry it up
from thence a little to the left of the posterior interventricular groove, nearly as far as the
auriculo-ventricular groove.
longer and more conical in shape than the right
left side of the anterior surface of the
It also forms the apex of
heart, and a considerable part of its posterior surface.
Its walls are much thicker
the heart by its projection beyond the right ventricle.
than those of the right side, the proportion being as 3 to i. They are also

The Left Ventricle
It

ventricle.

is

forms a small part of the

becoming gradually thinner towards
the base, and also towards the apex, which is the thinnest part.
The following parts present themselves for examination

thickest in the broadest part of the ventricle,

:

^
Openmgs
.

^

"

(

Auriculo-ventricular.
,

I

-r^

(

^

Valves

^.

Mitral.
„
..

(bemilunar.

Aortic.

Chordae tendineae.

Columnge carnese.

is placed below and to the left of the aortic
smaller than the corresponding aperture of the opposite side
and, like it, is broader in the transverse than in the antero-posterior diameter.
It is surrounded by a dense fibrous ring, covered by the lining membrane of the

The

heart,

auriculo-ventricular opening
It is a little

orifice.

;

and guarded by the mitral valve.

The

and to the right side
from which it is separated by one of the segments
orifice is guarded by the semilunar valves.

aortic oioening is a circular aperture, in front

auriculo-ventricular,

mitral valve.

Its

of the
of the

The mitral valve is attached to the circumference of the auriculo-ventricular
It is
orifice in the same way that the tricuspid valve is on the opposite side.
formed by a duplicature of the lining membrane, strengthened by fibrous tissue,
and contains a few muscular fibres. It is larger in size, thicker, and altogether
The
stronger than the tricuspid, and consists of two segments of unequal size.
larger segment is placed in front, between the auriculo-ventricular and aortic
orifices, and is said to prevent the filling of the aorta during the distension of the

Two

smaller segments are usually found at the angles of junction of
mitral valve-flaps are furnished with chordae tendineae, the mode
of attachment of which is precisely similar to that of those on the right side
but
they are thicker, stronger, and less numerous.
The semilunar valves surround the orifice of the aorta two are posterior
they are similar in structure, and in their mode
(right and left) and one anterior
They are, however, larger,
of attachment, to those of the pulmonary artery.
thicker, and stronger than those of the right side
the lunulas are more distinct,
and the corpora Arantii larger and more prominent. Between each valve and
the cylinder of the aorta is a deep depression, the sinus aortici (sinuses of
Valsalva)
they are larger than those of the root of the pulmonary artery.
The coliimnce carnea admit of a subdivision into three sets, like those upon
the right side but they are smaller, more numerous, and present a dense interlacement, especially at the apex, and upon the posterior wall. Those attached
by one extremity only, the musculi painllares, are two in number, being connected one to the anterior, the other to the posterior wall they are of large size,
and terminate by free rounded extremities, from which the chordae tendineae

ventricle.

the larger.

The

;

;

:

;

;

;

;

arise.

The septum between the two

ventricles is thick, especially below (fig. 633).
suddenly tapers off and becomes destitute of muscular fibres,
consisting only of fibrous tissue, covered by two layers of endocardium
and on
the right side also covered by one of the flaps of the tricuspid valve. It is continued upwards and forms the septum between the aortic vestibule and the right
auricle.
It is derived from the lower part of the aortic septum of the foetus, and
an abnormal communication may exist at this part owing to defective development of this septum.

At

its

upper part

it

;
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membrane which hnes

the internal surface of the
reduphcations, and is continuous
with the hning membrane of the great blood-vessels. It is a smooth, transparent
membrane, giving to the inner surface of the heart its glistening appearance.
It is more opaque on the left than on the right side of the heart, thicker in the
auricles than in the ventricles, and thickest in the left auricle.
It is thin on the

heart

it

;

assists in

is

forming the valves by

its

musculi pectinati, and on the columnse carnese but thicker on the smooth part
of the auricular and ventricular walls, and on the tips of the musculi papillares.
Structure.
The heart consists of muscular fibres, and of fibrous rings which
serve for their attachment.
The fibrous rings surround the auriculo-ventricular and arterial orifices they
are stronger upon the left than on the right side of the heart.
The auriculo;

—

:

FiG. 633.

-Section of the heart, showing the interaiiricular and
interventricular septa.

''bCLrrLOFvcuy

ventricular rings serve for the attachment of the muscular fibres of the auricles
and ventricles, and also for the mitral and tricuspid valves the ring on the left
side is closely connected, by its right margin, with the aortic arterial ring.
;

Between these and the right auriculo-ventricular ring is a mass of fibrous tissue
and in some of the larger animals, as the ox and elephant, a nodule of bone.
The fibrous rings surrounding the arterial orifices serve for the attachment
Each ring receives, by its ventricular
of the great vessels and semilunar valves.
;

margin, the attachment of the muscular fibres of the ventricles; its opposite
margin presents three deep semicircular notches, within which the middle coat
of the artery (which presents three convex semicircular segments) is firmly
fixed the attachment of the artery to its fibrous ring being strengthened by the
;

3U
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and serous membrane externally, and by the endocardium
margins of these semicircular notches, in the arterial
rings, that the endocardium, by its reduplication, forms the semilunar valves, the
fibrous structure of the ring being continued into each of the segments of the
valve at this part. The middle coat of the artery in this situation is thin, and
the sides of the vessel are dilated to form the sinuses of Valsalva.
The muscular structure of the heart consists of bands of fibres, which present
an exceedingly intricate interlacement. They are of a deep red colour, and
marked with transverse striae (page 40).
The muscular fibres of the heart admit of a subdivision into two kinds, those
of the auricles and those of the ventricles, which are quite independent of one
thin cellular coat

It is opposite the

within.

another.

—

—

These are disposed in two layers a superficial layer
both cavities, and a deep layer proper to each. The superficial fibres
are more distinct on the anterior surface of the auricles, aci"oss the bases of
which they run in a transverse direction, forming a thin but incomplete layer.
Some of these fibres pass into the septum auricularum. The internal or deep
The
fibres proper to each auricle consist of two sets, looped and annular fibres.
looped fibres pass upwards over each auricle, being attached by their two extremities to the corresponding auriculo-ventricular rings, in front and behind.
The
annular fibres surround the whole extent of the appendices auricularum, and are
continued upon the walls of the venae cavae and coronary sinus on the right side,
and upon the pulmonary veins on the left side, at their connection with the
heart.
In the appendices they interlace with the longitudinal fibres.
Fibres of the Ventricles.
These are arranged in an exceedingly complex manner,
and the accounts given by various anatomists differ considerably. This is probably due, partly, to the fact that the various layers of rauscular fibre of which
the heart is said to be composed are not independent, but their fibres are interlaced to a considerable extent, and therefore any separation into layers must be
to a great extent artificial, and also no doubt partly due to the fact, pointed out
by Henle, that there are varieties in the arrangement due to individual differences.
If the epicardium (visceral layer of pericardium) and the subjacent fat is removed from a heart which has been subjected to prolonged boiling, so as to dissolve the connective tissues, the superficial fibres of the ventricles will be exposed.
They will be seen to commence at the base of the heart, where they are attached
to the tendinous rings around the orifices, and to pass obliquely downwards towards the apex, with a direction from right to left. At the apex the fibres turn
suddenly inwards, into the interior of the ventricle, forming what is caUed the
vortex.
On the back of the heart it will be seen that the fibres pass continuously from one ventricle to the other over the interventricular groove and
the same thing will be noticed on the front of the heart at the upper and lower
end of the anterior interventricular groove, but in the middle portion of this groove
the fibres passing from one ventricle to the other are interrupted by fibres
emerging from the septum along the groove many of the superficial fibres pass
in also at this groove to the septum.
The vortex is produced, as stated above,
by the sudden turning inwards of the superficial fibres in a peculiar spiral manner
into the interior of the ventricle.
Those fibres which descend on the posterior
surface of the heart, enter the left ventricle at the vortex, and, ascending, form
the posterior part of the inner layer of muscular fibres lining this cavity and the
right (posterior) musculus papillaris
those fibres which descend on the front of
the heart, to reach the ajDex, also pass, at the vortex, into the interior
of the ventricle, where they form the remainder of the innermost layer of the
ventricle and the left (anterior) musculus papillaris.
The fibres forming the
inner layer of the wall of the ventricle ascend to be attached to the fibrous rings
around the orifices.
Fibres of the Auricles.

common

to

—

;

;

;

'

By
it

will

dissection these superficial fibres may be removed as a thin stratum, and
then be found that the ventricles are made up of oblique fibres, super-
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imposed in layers one on the top of another, and assuming gradually a less oblique
direction as they pass to the middle of the thickness of the ventricular wall, so
that in the centre of the wall the fibres are transverse.
Internal to this central
transverse la3^er the fibres become oblique again, but in the opposite direction to
This division into distinct layers is, however, to a great
the external ones.

extent

artificial,

as the fibres pass across from one layer to another,

therefore to be divided in the dissection,

and have
and the change in the direction of the

very gradual. These oblique fibres commence above at the fibrous rings
base of tlie heart, and descending towards the apex they enter the septum
near its lower end. In the septum the fibres which form the left ventricle may
be traced in three directions, i. Some pass upwards to be attached to the
central mass of fibrous tissue.
2. Others pass through the septum to become
continuous with the fibres of the right ventricle. 3. And the remainder pass
through the septum to encircle the ventricle as annular fibres. Of the fibres of
the right ventricle, some on entering the septum pass upwards to be attached to
the central mass of fibrous tissue some entering the se^Dtum from behind pass
forwards to become continuous with the fibres on the anterior surface of the left
ventricle
and others entering in front pass backwards to join the fibres on the
The septum therefore consists of three
posterior wall of the left ventricle.
viz. annular fibres special to the left ventricle
ascending
varieties of fibres
fibres, derived from both ventricles and ascending through the septum to the
central fibro-cartilage and decussating fibres derived from the anterior wall of
one ventricle and passing to the posterior wall of the other ventricle, or from the
posterior wall of the right ventricle and passing to the anterior wall of the left.
In addition to these fibres, there are a considerable number which a^Dpear to
encircle both ventricles and which pass across the septum without turning into it.
The arteries supplying the heart are the left or anterior
Vessels and Nerves.
fibres is
at the

;

;

:

;

;

—

and right or posterior coronar;^ (p^-g® 549)The veins accompany the arteries, and terminate in the right auricle. They
are, the anterior, posterior, left and right cardiac veins, the right or small, and
the left or great, coronary sinuses and the vense cordis minimse {vena, Thebesii)
(page 695).

The lymijhatics terminate in the thoracic and right lymphatic ducts.
The nerves are derived from the cardiac plexuses, which are formed partly from
the cranial nerves, and partly from the sympathetic. They are freely distributed
both on the surface, and in the substance of the heart, the separate filaments being
furnished with small gangha.
Surface Form.

—In order to show the extent of the heart in relation

to the front of the

from the lower border of the second left costal cartilage, one inch from
the sternum, to the upper border of the third right costal cartilage, half an inch fromthe
sternum. This represents the base line, or upper limit of the organ. Take a point an inch
and a half below, and three-quarters of an inch internal to the left nipple, that is, about
three and a half inches to the left of the median line of the body. This represents the apex
Draw a Hne fr-om this apex pomt, with a slight convexity downwards, to the
of th^ heart.
chest,

draw a

line

junction of the seventh right costal cartilage to the sternum. This represents the lower
Join the right extremity of the first hne that is, the base luie with
limit of the heart.
the right extremity of this line— that is, to the seventh right chondro-sternal joint— with
a slight curve outwards, so that it projects about an mch and a half fr-om the middle Ime
Lastly, join the left extremity of the base line and the apex point by a
of the sternum.
line curved slightly to the left.
The position of the various orifices is as follows viz. the pulmonary orifice is situated
in the upper angle formed by the articulation of the third left costal cartilage with the
sternum the aortic orifice is a little below and internal to this, behind the left border
of the sternum, close to the articulation of the third left costal cartilage to this bone.
The left auriculo-ventricular opening is behuid the sternum, rather to the left of the
median line and opposite the fourth costal cartilages. The right auriculo-ventricular
opening is a little lower, opposite the fourth interspace and in the middle Ime of the

—

—

:

;

body

(fig.

630).
of the area of the heart thus

mapped out is uncovered by lung, and therefore
gives a duU note on percussion the remainder, being overlapped by the lung, gives a
more or less resonant note. The former is known as the area of superficial cardiac
3 U 2

A portion

;
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dulness the latter, as the area of deep, cardiac duhiess. The area of superficial cardiac
dulness is included between a line drawn from the centre of the sternum, on a level with the
fourth costal cai'tilages, to the apex of the heart, and a line drawn from the same point
down the lower third of the middle line of the sternum. Below, this area merges into the
dulness which corresponds to the liver. Dr. Latham laj's down the following rule as a
sufficient practical guide for the definition of the portion of the heart which is imcovered
Make a circle of two inches in diameter round a point midway
by lung or pleura
between the nipple and the end of the sternum.'
;

:

'

Peculiaeities in the Vasculae System of the Fcetus

The chief peculiarities in the heart of the foetus are the direct communication
between the two auricles through the foramen ovale, and the large size of the
Eustachian valve. There are also several minor peculiarities. Thus, the position
of the heart is vertical until the fourth month, when it commences to assume an
oblique direction. Its size is also very considerable as compared with the body,
the proportion at the second month being i to 50
at birth it is as i to 120;
whilst in the adult the average is about i to 160.
At an early period of foetal
life the auricular portion of the heart is larger than the ventricular, the right
auricle being more capacious than the left
but towards birth the ventricular
portion becomes the larger.
The thickness of both ventricles is, at first, about
equal, but towards birth the left becomes much the thicker of the two.
The foramen ovale is situated at the lower and back part of the septum
auricularum, forming a communication between the auricles. It remains as a
free oval opening, from the time of the formation of the auricular septum (about
About this period a fold
the eighth week) until the middle period of foetal life.
grows up from the posterior wall of the auricle, to the left of the foramen ovale,
and advances over the opening, so as to form a sort of valve, which allows the
blood to pass only from the right to the left auricle, and not in the opposite
;

;

direction.

The Eustachian valve is developed from the anterior border of the inferior
vena cava at its entrance into the auricle. It is directed upwards on the left side
of the opening of this vein, and serves to direct the blood from the inferior vena
cava through the foramen ovale into the left auricle.
The peculiarities in the arterial system of the foetus are the communication
between the pulmonary artery and the descending aorta by means of the ductus
arteriosus, and the communication between the internal iliac arteries and the
placenta by means of the umbilical arteries.
The ductus arteriosus is a short tube, about half an inch in length at birth,
and of the diameter of a goose-quill. In the early condition it forms the continuation of the pulmonary artery, and opens into the descending aorta, just
below the origin of the left subclavian artery and so conducts the chief part of
the blood from the right ventricle into this vessel. When the branches of the
pulmonary artery have become larger relatively to the ductus arteriosus, the
latter is chiefly connected to the left pulmonary artery
and the fibrous cord,
which is all that remains of the ductus arteriosus in later life, will be found to be
;

;

attached to the root of that vessel.
The umbilical or hypogastric arteries arise from the internal iliacs, in addition
to the branches given off from those vessels in the adult.
Ascending along the
sides of the bladder to its fundus, they pass out of the abdomen at the umbilicus
and are continued along the umbilical cord to the placenta, coiling round the
umbilical vein. They return to the placenta the blood which has circulated in
the system of the foetus.

-

The peculiarity in the venous system of the foetus is the communication established between the placenta and the liver and portal vein, through the umbilical
vein and the inferior vena cava through the ductus venosus.
;
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FcETAL Circulation

The blood destined

from the placenta
by the umbilical vein. The umbilical vein
and passes upwards along the free margin

for the nutrition of the foetus is carried

to the foetus, along the umbilical cord,

enters the

abdomen

at the u.mbilicus,

Fig. 634.

—Plan of the

festal circulation.
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organ, where
suspensory ligament of the liver to the under surface of that
is of large size
which
of
one
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left
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to
branches
three
it gives off two or
transverse fissure
and others to the lobus quadratus and lobulus Spigelii. At the
portal vein, and
the
joined
by
is
larger
the
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of the

;

—

;
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enters the right lobe the smaller branch continues onwards, under the name of
the ductus venosus, and joins the left hepatic vein at the point of junction of that
The blood, therefore, which traverses the
vessel with the inferior vena cava.
umbilical vein, reaches the inferior vena cava in three different ways. The greater
quantity circulates through the liver with the portal venous blood, before entering
;

some enters the liver directly, and is also
the vena cava by the hepatic veins
returned to the inferior cava by the hepatic veins the smaller quantity passes
directly into the vena cava, by the junction of the ductus venosus with the left
;

:

hepatic vein.
In the inferior cava, the blood carried by the ductus venosus and hepatic veins
becomes mixed with that returning from the lower extremities and viscera of the

abdomen. It enters the right auricle, and, guided by the Eustachian valve, passes
through the foramen ovale into the left auricle, where it becomes mixed with a
small quantity of blood returned from the lungs by the pulmonary veins. Erom
the left auricle it passes into the left ventricle and from the left ventricle into
the aorta, by means of which it is distributed almost entirely to the head and
upper extremities, a smaU quantity being probably carried into the descending
aorta. Erom the head and upper extremities the blood is returned by the branches
of the superior vena cava to the right auricle, where it becomes mixed with a small
portion of the blood from the inferior cava.
Erom the right auricle it descends
over the Eustachian valve into the right ventricle and from the right ventricle,
passes into the pulmonary artery. The lungs of the foetus being solid, and
almost impervious, only a small quantity of the blood of the pulmonary artery is
distributed to them, by the right and left pulmonary arteries, and is returned by
the pulmonary veins to the left auricle the greater part passes through the
ductus arteriosus into the commencement of the descending aorta, where it
becomes mixed with a small quantity of blood transmitted by the left ventricle
into the aorta.
Along this vessel it descends to supply the lower extremities and
viscera of the abdomen and pelvis, the chief portion being, however, conveyed by
;

;

:

the umbilical arteries to the placenta.
Erom the preceding account of the circulation of the blood in the foetus, it will
be seen
1. That the placenta serves the double purpose of a respiratory and nutri-

venous blood from the foetus, and returning it again
re-oxygenated, and charged with additional nutritive material.
2. That nearly the whole of the blood of the umbilical vein traverses the liver
before entering the inferior cava hence the large size of this organ, especially at
an early period of foetal life.
tive organ, receiving the

;

3.

That the right auricle

is

the point of meeting of a double current, the blood

by the Eustachian valve into the left auricle,
whilst that in the superior cava descends into the right ventricle.
At an early
period of fcetal life it is highly probable that the two streams are quite distinct
for the inferior cava opens almost directly into the left auricle, and the
in the inferior cava being guided

Eustachian valve would exclude the current along the vein from entering the
At a later period, as the separation, between the two auricles
becomes more distinct, it seems probable that some mixture of the two streams

right ventricle.

must take place.
4. The blood carried from the placenta to the foetus by the umbilical vein,
mixed with the blood from the inferior cava, passes almost directly to the arch
of the aorta, and is distributed by the branches of that vessel to the head and
upper extremities hence the large size and perfect development of those parts
:

at birth.
5. The blood contained in the descending aorta, chiefly derived from that
w^hich has already circulated through the head and limbs, together with a small
quantity from the left ventricle, is distributed to the lower extremities hence
the small size and imperfect development of these parts at birth.
:

:
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the Vascular System at Birth

At birth, when respiration is estabhshed, an increased amount of blood from
the pulmonary artery passes through the lungs, which now perform their office
as respiratory organs, and, at the same time, the placental circulation is cut off.
The foramen ovale becomes gradually closed by about the tenth day after birth
the valvular fold above mentioned becomes adherent to the margins of the foramen for the greater part of its circumference, but above a slit-like opening is left
between the two auricles which sometimes remains persistent.

The ductus

begins to contract immediately after respiration

arteriosus

is

becomes completely closed from the fourth to the tenth day, and
ultimately degenerates into an impervious cord, w^hich serves to connect the left
pulmonary artery to the descending aorta.
Of the umbilical or hypogastric arteries, the portion continued on to the
bladder from the trunk of the corresponding internal iliac remains pervious, as
the superior vesical artery and the part between the fundus of the bladder and
the umbilicus becomes obliterated between the second and fifth days after
bh'th, and projects into the peritoneal sac, so as to form two of the fossae
of the peritoneum, spoken of in the section on the surgical anatomy of direct
established,

;

inguinal hernia.

The umbilical vein and ductus venosus become completely obliterated between
the second and fifth days after birth, and ultimately dwindle to fibrous cords
the former becoming the round ligament of the liver, the latter the fibrous cord
which, in the adult, may be traced along the fissure of the ductus venosus.
;

OEG-ANS OF VOICE

AND

BESPIEATION
The Larynx
the organ of voice, placed at the upper part of the air-passage.
THEIt Larynx
tongue, at the u.pper and
situated between the trachea and base of
is

tlie

is

where

forms a considerable projection in the middle line.
On either side of it lie the great vessels of the neck behind, it forms part of the
boundary of the pharynx, and is covered by the mucous membrane lining that

fore part of the neck,

it

;

cavity.

broad above, where it presents the form of a triangular box,
and at the sides, and bounded in front by a prominent vertical
Below, it is narrow and cylindrical. It is composed of cartilages, which
ridge.
are connected together by ligaments and moved by numerous muscles. It is
lined by mucou.s membrane, which is continuous above with that lining the
pharynx and below with that of the trachea.
The Cartilages of the Larynx are nine in number, three single, and three

The larynx

is

flattened behind

pairs

:

Two Arytenoid.
Two Cornicula Laryngis.
Two Cuneiform.

Thyroid.
Cricoid.
Epiglottis.

Fig. 635.

— Side view of the thyroid and
cricoid cartilao;es.

The Thyroid

{Ovp^os,

a shield)

largest cartilage of the larynx.

is

the

It con-

two lateral lamellas or alge, united
an acute angle in front, forming a
vertical projection in the middle line
which is prominent above, and called the
poimim Adami. This projection is subcutaneous, more distinct in the male
than in the female, and occasionally
separated from the integument by a
bursa mucosa.
sists of

at

Each

lamella

is

quadrilateral in form.

presents an oblique
which passes downwards and
forwards from a tubercle, situated near
Its

outer surface

ridge,

the root of the superior cornu, to the
This
anterior part of the lower border.
ridge gives attachment to the Sternothyroid and Thyro-hyoid muscles, and
the portion of cartilage included between
of
it and the posterior border to part
the Inferior constrictor muscle.
The inner surface of each ala is
smooth, slightly concave, and covered by

mucous membrane above and behind
but in front, in the receding angle formed by their junction, are attached the epiglottis, the true and false vocal cords, the Thyro- arytenoid and Thyro-epiglottidean muscles.
;

CEICOID CAETILAGE
The upper border

of the thyroid cartilage
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sinuously curved, being concave
then rising into a convex
outhne, which clips in front to form the sides of a notch, the thyroid notch, in
the middle hne, immediately above the pomum Adami. This border gives
attachment throughout its v^hole extent to the thyro-hyoid membrane.
The lower border is nearly straight in front, but behind, close to the cornu,
It is connected to the cricoid cartilage, in the median line, by
is concave.
is

at its posterior part, just in front of the superior cornu,

the crico-thvroid

membrane

;

and, on each side, by the
Crico-thyroid muscle.
The posterior borders,
thick

Fig. 636.-

— The cartilages of the

larj'nx.

Posterior view.

and rounded, terminate,

above, in the superior cornua
and, below, in the inferior
The two superior
cornua.
;

EPIGLOTTIS

cornua are long and narrow,
directed upwards, backwards,
and inwards and terminate
;

which

in a conical extremity,

gives attachment to the thyro-

hyoid

The two

ligament.

cornua are short and
they pass downwards,

inferior

thick

;

with a slight inclination
forwards and inwards, and
present, on their inner surfaces, a small oval articular

facet

for

articulation

with

the side of the cricoid cartiThe posterior border
lage.
receives the insertion of the

Stylo-pharyngeus and Palatopharyngeus muscles on each

Cornicula laryngis

Cuneiform Cartilage

side.

The

Cricoid Cartilage

is

AEYTENOID

so called from its resemblance
to a signet ring (^ptKo?, a ring).
It is smaller, but thicker

stronger

than

the

and

thyroid

Arytenoid cartilages, base

and forms the
lower and back part of the
of

consists

the

larynx.

two

of

parts

It
:

CEICOID

a

situated

Articular facet for
arytenoid cartilage

behind, and a narrow ring
or arch, one-fourth or onefifth the depth of the posterior

Articular facet forinferior cornu of
thyroid cartilage

quadrate

portion,

part, situated in front.

posterior

square

Posterior
surface

Insertion of
Crico-arytenoideus
posticus et lateralis

cartilage,

cavity

/\

The

portion

rapidly narrows at the sides of the cartilage, at the expense of the upper border,
into the anterior portion.
Its posterior portion is very broad,

both from side to

side,

and from above

posterior surface, in the middle Hne a vertical
downwards
and on
ridge for the attachment of the longitudinal fibres of the oesophagus
muscle.
posticus
Crico-arytenoideus
either side a broad depression for the
Its anterior portion is narrow and convex, affording attachment externally in
;

it

presents, on

its

;

front

and

at the sides to the Crico-thyroid

Inferior constrictor.

muscles, and, behind, to part of the
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At the point

of junction of the posterior

cartilage is a small

round elevation,

quadrate portion with the rest of the
with the inferior cornu of

for articulation

the thyroid cartilage.
The lower border of the cridoid cartilage is horizontal, and connected to the
upper ring of the trachea by fibrous membrane.
Its upjper border is directed obliquely upwards and backwards, owing to the
great depth of

its

posterior surface.

It gives

attachment, in front, to the crico-

the same membrane and to the
muscle behind, the highest point of the upper border is
surmounted on each side by a smooth oval surface, for articulation Avith the

thyroid

membrane

;

at the sides, to part of

lateral Crico-arytenoid

;

arytenoid cartilage. Between the articular surfaces
attachment of part of the Arytenoideus muscle.

is

a slight notch, for the

The inner surface of the cricoid cartilage is smooth, and lined by mucous
membrane.
The Arytenoid Cartilages are so called from the resemblance they bear, when
approximated, to the mouth of a pitcher (apvTaiva, a ijitcher). They are two in
number, and situated at the upper border of the cricoid cartilage, at the back of
the larynx. Each cartilage is pyramidal in form, and presents for examination
three surfaces, a base, and an apex.
The posterior surface is triangular, smooth, concave, and gives attachment to
the Arytenoid muscle.

The

is somewhat convex and rough.
It presents
centre a transverse ridge, to the inner extremity of which is

anterior or external surface

rather below

its

attached the false vocal cord, and to the outer part, as well as the surfaces above
and below, is attached the Thyro-arytenoid muscle.
The internal surface is narrow, smooth, and flattened, covered by mucous
membrane, and lies almost in apposition with the cartilage of the opposite side.
The base of each cartilage is broad, and presents a concave smooth surface,
for articulation with the cricoid cartilage.
Of its three angles, the external is
short, rounded, and prominent
it projects backwards and
outwards, and is
termed the muscular process, from receiving the insertion of the Posterior and
Lateral crico-arytenoid muscles. The anterior angle, also prominent, but more
pointed, projects horizontally forwards, and gives attachment to the true vocal
cord.
This angle is called the vocal ijrocess.
The apex of each cartilage is pointed, curved backwards and inwards, and surmou.nted by a small conical-shaped, cartilaginous nodule, the corniculum laryngis.
The cornieula laryngis (cartilages of Santorini) are two small conical nodules,
consisting of yellow fibro-cartilage, which articulate with the summit of the
arytenoid cartilages and serve to prolong them backwards and inwards. To
them are attached the aryteno-epiglottidean folds. They are sometimes united
to the arytenoid cartilages.
The cuneiform cartilages (cartilages of Wrisberg) are two small, elongated,
cartilaginous bodies, placed one on each side, in the fold of mucous membrane
which extends from the apex of the arytenoid cartilage to the side of the epiglottis
{aryteno-epiglottidean fold)
they give rise to small whitish elevations on the
inner surface of the mucous membrane, just in front of the arytenoid cartilages.
The epiglottis is a thin lamella of fibro-cartilage, of a yellowish colour, shaped
like a leaf, and placed behind the tongue in front of the superior opening of the
larynx.
During respiration its direction is vertically upwards, its free extremity
curving forwards towards the base of the tongue but when the larynx is drawn
up beneath the base of the tongue during deglutition, it is carried downwards
and backwards, so as to completely close the opening of the larynx. Its free
extremity is broad and rounded its attached end is long and narrow, and connected to the receding angle between the two alse of the thyroid cartilage, just
below the median notch, by a long, narrow, ligamentous band, the thyro-epiglottic
ligament.
It is also connected to the posterior surface of the body of the hyoid
bone by an elastic ligamentous band, the hyo- epiglottic ligament.
;

;

;

;

;
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Its anterior or liiigiud surface is curved forwards towards the tongue, and
covered at its upper part by mucous membrane, which is reflected on to the
sides and base of the organ, forming a median and two lateral folds, the glosso-

ep ig lottidean ligaments

.

Its posterior or laryngeal surface is

smooth, concave from side to side, concavoconvex from above downwards, and covered by mucous membrane when this
is removed, the surface of the cartilage is seen to be studded with a number
of
small mucous glands, which are lodged in little pits upon its surface. To its
;

sides the aryteno-epiglottidean folds are attached.

— The

cornicula laryngis, cuneiform cartilages, and epiglottis are
yellow fibro-cartilage, which shows httle tendency to calcification
but the other cartilages resemble in structure the costal cartilages, becoming
Structure.

composed

more

of

or less calcified in old age.

—

Ligaments. The ligaments of the larynx are extrinsic, i.e. those connecting
the thyroid cartilage and epiglottis with the hyoid bone, and the cricoid cartilage
with the trachea and intrinsic, those which connect the several cartilages of
the larynx to each other.
The ligaments connecting the thyroid cartilage with the hyoid bone are three
in number
the thyro-hyoid membrane, and the two lateral thyro-hyoid ligaments.
The thyro-hyoid membrane is a broad, fibro-elastic, membranous layer, attached
below to the upper border of the thyroid cartilage, and above to the upper border
of the posterior surface of the hj^oid bone, thus passing behind the posterior
surface, and being separated from it by a synovial bursa.
It is thicker in the
middle line than at either side, in which situation it is pierced by the superior
laryngeal vessels and nerve.
The ttco lateral thyro-hyoid ligaments are rounded, elastic cords, which pass
between the superior cornua of the thyroid cartilage and the extremities of the
greater cornua of the hyoid bone. A small cartilaginous nodule {cartilago triticea),
sometimes bony, is frequently found in each.
The ligament connecting the epiglottis with the hyoid bone is the hyoepiglottic.
In addition to this extrinsic ligament, the epiglottis is connected to
the tongue by the three giosso-epigiottidean folds of mucous membrane, which
may also be considered as extrinsic ligaments of the epiglottis.
The hyo-epiglottic ligament is an elastic fibrous band, which extends from the
anterior surface of the epiglottis, near its apex, to the upper border of the body of
the hyoid bone.
The ligaments connecting the thyroid cartilage to the cricoid are also three in
number the crico-thyroid membrane, and the capsular ligaments.
The crico-thyroid membrane is composed mainly of yellow elastic tissue. It
;

—

—

consists of three parts, a central, triangular portion

The

and two

lateral portions.

thick and strong, narrow above and broadening out below. It
connects together the contiguous margins of the thyroid and cricoid cartilages.
It is convex, concealed on each side by the crico-thyroid muscle, but subcentral part

is

.

cutaneous in the middle line it is crossed horizontally by a small anastomotic
The
arterial arch, formed by the junction of the tw^o crico-thyroid arteries.
lateral portions are thinner and lie close under the mucous membrane of the
larynx.
They extend from the superior border of the cricoid cartilage to
the inferior margin of the true vocal cords, with which it is closely united in
;

front.

The

lateral portions are lined internally

by mucous membrane, and covered

by the lateral Crico- arytenoid and Thyro-arytenoid muscles.
A capsular ligament encloses the articulation of the inferior cornu of the
thyroid with the cricoid cartilage on each side. The articulation is lined by
synovial membrane.
The hgaments connecting the arytenoid cartilages to the cricoid are two
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The capsular
capsiilar ligaments, and two posterior crico-arytenoid ligaments.
crico-arytenoid ligaments are thin and loose capsules attached to the margin of
the articular surfaces they are lined internally by synovial membrane. The
;

and back

posterior crico-arytenoid ligaments extend from the cricoid to the inner

part of the base of the arytenoid cartilage.
The ligament connecting the epiglottis with the thyroid cartilage

the thyro-

is

epiglottic.

cord which connects
with the receding angle of the th^nroid cartilage,
immediately beneath the median notch, above the attachment of the vocal cords.
The crico-tracheal ligament connects the cricoid cartilage with the first ring of
the trachea. It resembles the fibrous membrane which connects the cartilaginous
rings of the trachea to each other.
The cavity of the larynx extends from the superior
Interior of the Larynx.
aperture to the lower border of the cricoid cartilage. It is divided into two parts
by the projection inwards of the vocal cords between the two cords is a long
and narrow triangular fissure or chink, the rima glottidis. The portion of the cavity
of the larynx above the true
vocal cords, sometimes called
Fig. 637. The larynx and adjacent parts, seen
from above.
the vestibule, is broad and

The

tliyro-einglottic ligament is a long, slender, elastic

the apex

of

the

epiglottis

—

;

—

Aryhncii carl

triangular

shape,

in

and

corresponds to the interval

between

the alee of the
thyroid cartilage it contains
the false vocal cords, and
between these and the true
vocal cords are the ventricles
of the larynx.
The portion
below the true vocal cords is
;

#

at first of

lower

an

down

elliptical,

of

and

circular

a

form.

The
the

superior aperture of
(fig.
637) is a

larynx

triangular or cordiform opening,

wide in

front,

narrow

behind, and sloping obliquely

downwards and backwards.
behind, by the apices of the arytenoid
cartilages, and the cornicula laryngis
and laterally, by a fold of mucous
membrane, enclosing ligamentous and muscular fibres, stretched between the

It is

bounded, in front, by the epiglottis

;

;

sides of the epiglottis

and the apex

of the arytenoid cartilages

aryteno-epiglottidean folds, on the margins of

:

these are the

which the cuneiform

form more or less distinct whitish prominences.
The rima glottidis is the narrow fissure or chink between the

cartilages

inferior or true

vocal cords. It is the narrowest part of the cavity of the larynx, and corresponds
to the lower level of the arytenoid cartilages.
Its length, in the male, measures
rather less than an inch its breadth, when dilated, varying at its widest part
;

from a third to half an inch. In the female these measurements are less by two
or three lines.
The form of the rima glottidis varies. In its half-closed condition it is a narrow fissure, a little enla,rged and rounded behind.
In quiet breathit is widely open, somewhat triangular, the base of the triangle directed
backwards, and corresponding to the space between the separated arytenoid
cartilages.
In forcible expiration it is smaller than during inspiration. When
sound is produced it is more narrowed, the margins of the arytenoid cartilages
being brought into contact, and the edges of the vocal cords approximated and

ing

;

:
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made parallel, the degree of approximation and tension corresponding to the
height of the note produced.*
The superior or false vocal cords, so called because they are not dhectly
concerned in the production of the voice, are two folds of mucous membrane,
enclosing a dehcate narrow fibrous band, the -superior thyro-arytenoid ligament.
This Hgament consists of a thin band of connective tissue, attached in front to the
angle of the thyroid cartilage below the epiglottis, and behind to the anterior

The lower border of this Hgament, enclosed in
a free crescentic margin, which constitutes the upper
boundary of the ventricle of the larynx.
The inferior or true vocal cords, so called from their beino- concerned in the
surface of the arytenoid cartilage.

mucous membrane, forms

production of sound, are two strong fibrous bands {inferior thyro-arytenoid
ligaments), covered on their surface by a thin layer of mucous membrane. Each
ligament consists of a band of yellow elastic tissue, attached in front to the
depression between the two alse of the
thyroid cartilage, and behind to the
Fig. 638.
Vertical section of the larynx
anterior angle (vocal process) of the
and upper part of the trachea.
base of the arytenoid.
Its lower
border is continuous with the thin

—

lateral part of the crico-thyroid

mem-

upper border forms the
lower boundary of the ventricle of
the larynx. Externally, the Thyroarytenoideus muscle lies parallel with
it.
It is covered internally by mucous
membrane, which is extremely thin,
and closely adherent to its surface.
The ventricle of the larynx is an
oblong fossa, situated between the
superior and inferior vocal cords on
each side, and extending nearly
brane.

Its

Glosso-epiglottic

fold
Arijteno
'inglottic

fold

.-Lri/tenoid

cartilage

Vocal coi

Arytenoideus
muscle

ds,

ventricle

hstween

This fossa is
their entire length.
bounded, above, by the free crescentic
edge of the superior vocal cord

tlieiii

Ci ICO thi/)0>d

me nibi an"

below, by the straight margin of the
externally, by the
true vocal cord
Thyro - arytenoideus
corresponding
The anterior part of the
muscle.
;

ventricle leads

up by a narrow open-

a cgecal pouch of mucous
membrane of variable size, called the

ing into

laryngeal pouch.

The sacculus laryngis, or laryngeal
pouch, is a membranous sac, placed between the superior vocal cord and the
inner surface of the thyroid cartilage, occasionally extending as far as its upper
border it is conical in form, and curved slightly backwards. On the surface of
its mucous membrane are the openings of sixty or seventy small foUicular glands,
which are lodged in the submucous areolar tissue. This sac is enclosed in a
fibrous capsule, continuous below with the superior thyro-arytenoid Hgament
its laryngeal surface is covered by the Aryteno-epiglottideus inferior muscle
whilst its exterior is covered by the
{Compressor sacculi laryngis, Hilton)
Thyro-arytenoideus and Thyro-epiglottideus muscles. These muscles compress
the sacculus laryngis, and discharge the secretion it contains upon the chordfe
vocales, the surfaces of which it is intended to lubricate.
:

;

*

On

speaking,
Society.

the
see

shape of the rima

Czermak, On

the

breathing and
the Neiv Sydenham

glottidis, in the various conditions of

Laryngoscope, translated

for
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Muscles.

—The intrinsic

which are the muscles

muscles

of the larynx are eight in

of the vocal cords

and rima

number, five of
and three are con-

glottidis,

nected with the epiglottis.
The five muscles of the vocal cords and rima glottidis are

— the

Arytenoideus.
Crico-arybenoideus posticus.
Thyro-arytenoideus.
Crico-arytenoideus lateralis.
Crico-thyroid.

The

Crico-thyroid

is

of the cricoid cartilage.

triangular in form,
It arises

and situated

from the front and
cartilage

Fia. 639.

—Muscles of larynx.

Eight ala

of thyroid cartilage

Side view.

removed.

obliquely

its

;

at the fore part

and

side

lateral part of the cricoid
fibres diverge, passing

upwards and outwards,

to

be inserted into the lower border
of the thyroid cartilage, and into the
anterior border of the lower cornua.
The inner borders of these two
muscles are separated in the middle
line by a triangular interval, occupied
by the crico-thyroid membrane.

The

Crico-arytenoideus

posticus

from the broad depression
occupying each lateral half of the
arises

Cornicu
larijng

posterior surface of the cricoid cartiits fibres pass upwards and
wards, converging to be inserted
the outer angle of the base of
arytenoid cartilage (the muscular

lage

;

cess).

outinto

the
pro-

The upper

horizontal,

fibres are nearly
the middle oblique, and

the lower almost vertical.*
The Crico-arytenoideus lateralis is
Articular fa
smaller than the preceding, and of an
inferior cornu of
oblong form. It arises from the upper
thyroid cartilage
border of the side of the cricoid cartilage, and, passing obliquely upwards
and backwards, is inserted into the
muscular process of the arytenoid
cartilage, in front of the preceding
muscle.
The Arytenoideus is a single muscle, filling up the posterior concave surface
of the arytenoid cartilages.
It arises from the posterior surface and outer border
of one arytenoid cartilage, and is inserted into the corresponding parts of the
It consists of three

opposite cartilage.

planes of

fibres,

two oblique and one

The

oblique fibres, the most superficial, form two fascicuH, which
pass from the base of one cartilage to the apex of the opposite one. The trans-

transverse.

and most numerous, pass transversely across between
the two cartilages hence the Arytenoideus was formerly considered as several
muscles, under the name of transversi and obliqui. A few of the oblique fibres
are occasionally continued round the outer margin of the cartilage, and blend
with the Thyro-arytenoid or the Aryteno-epiglottideus muscle.

verse fibres, the deepest
;

* Dr. Merkel, of Leipsic, has described a muscular slip which occasionally extends
between the outer border of the posterior surface of the cricoid cartilage and the posterior
margin of the inferior cornu of the thyroid this he calls the Musculus kerato-cricoideus.'
It is not found in every larynx, and when present exists usually only on one side, but is
occasionally found on both sides.
Sir Wm. Turner (Edinburgh Medical Journal, Feb.
i860) states that it is found in about one case in five.
Its action is to fix the lower horn
of the thyroid cartilage backwards and downwards, opposing in some measure the part of
the Crico-thyroid muscle which is connected to the anterior margin of the horn.
'

;

.
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The Thyro-arytenoicleus is a broad, flat muscle, which hes parallel with the
outer side of the true vocal cord. It arises in front from the lower half of the
receding angle of the thyroid cartilage, and from the crico-thyroid membrane.
backwards and outwards, to be inserted into the base
and anterior surface of the arytenoid cartilage. This muscle consists of two
fascicuh.* The inner or inferior portion, the thicker, is inserted into the vocal
process of the arytenoid cartilage, and into the adjacent portion of its anterior
surface it hes parallel with the true vocal cord, to which it is adherent.
The
outer or superior fasciculus, the thinner, is inserted into the anterior surface and
outer border of the arytenoid cartilage above the preceding fibres it lies on the
outer side of the sacculus laryngis, immediately beneath the mucous membrane.t
The muscles of the epiglottis are, the
Its fibres pass horizontally

;

;

Th>a-o-epiglottideus.

Aryteno-epiglottideus superior.
Aryteno-epiglottideus inferior.

The Thyro-epiglottideus is a delicate fasciculus, which arises from the inner
surface of the thyroid cartilage, just external to the origin of the Thjoro-arytenoid
muscle, of which it is sometimes described as a part, and spreads out upon
FiG. 640.- -Interior of the larj'nx, seen from
the outer surface of the sacculus larynabove.
(Enlarged.)
some of its fibres are lost in the
aryteno-epiglottidean fold, whilst others
are continued forwards to the margin

gis

:

of the epiglottis {Depressor epiglottidis).

The

Aryteno-epiglottideus

superior

few delicate muscular
fasciculi, which arise from the apex of
the arytenoid cartilages, and become
consists

a

of

lost in the fold of

mucous membrane

extending between the arytenoid cartilage and side of the epiglottis {arytenoepiglottidean folds)

The

Aryteno-epiglottideus

inferior

{Compressor sacculi laryngis, Hilton)
arises from the arytenoid cartilage, just
above the attachment of the superior
vocal cord passing forwards and upwards, it spreads out upon the anterior
surface of the epiglottis.
This muscle
is separated from the preceding by an
;

indistinct areolar interval.^

—

Actions.
In considering the action of the muscles of the larynx, they may
be conveniently divided into two gi'oups, viz. i. Those which open and close
the glottis.
2. Those which regulate the degree of tension of the vocal cords.
1
The muscles which open the glottis are the Crico-arytenoidei postici and
those which close it are the Arytenoideus and the Crico-arytenoidei laterales.
:

.

;

* Henle describes these two portions as separate muscles, under the names of External
and Internal thyro-arytenoid.
t Luschka has described a smaU, but fairly constant muscle, as the Arytenoideus
rectus.
It is attached below to the posterior, concave siu'face of the arytenoid cartilage,
beneath the Arytenoideus muscle, and passing upwards, emerges at the upper border of
this muscle, and is inserted into the posterior surface of the cartilage of Santorini.
{Anatomy, by Hyrtl, page 718.)
Bochdalek jun. {Prager Vierteljalirsschrift, 2nd
X MuscuLUS TRiTiCEO-GLOSSUS.
part, 1866) describes a muscle hitherto entirely overlooked, except a brief statement in
Henle's Anatomy, which arises from the nodule of cartilage {corpus triticeum) in the
posterior thyro-hyoid ligament, and passes forwards and upwards to enter the tongue along
with the Hyo-glossus muscle. He met with this muscle eight times in twenty-two
subjects.
It occiu-red in both sexes, sometimes on both sides, at others on one only.
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The muscles which regulate the tension of the vocal cords are the Cricowhich tense and elongate them and the Thjnro-arytenoidei, which
The Thyro-epiglottideus is a depressor of the epiglottis,
relax and shorten them.
and the Aryteno-epiglottidei constrict the superior aperture of the larynx, compress the sacculi laryngis, and empty them of their contents.
2.

thyroidei,

;

The Crico-arytenoidei i^osHci separate the chordae vocales, and, consequently, open
the glottis, by rotating the arytenoid cartilages outwards around a vertical axis passing
so that their anterior angles and the ligaments
through the crico-arytenoid joints
attached to them become widely separated, the vocal cords, at the same time, being made
;

tense.

The Crico-arytenoidei laterales close the glottis, by rotating the arytenoid cartilages
inwards, so as to approximate their anterior angles.
The Arytevoideus muscles approximate the arytenoid cartilages, and thus close the
opening of the glottis, especially at its back part.
The Crico-thyroid muscles produce tension and elongation of the vocal cords. This
The thyroid cartilage is fixed by the Thyro-hyoid muscles, then
is effected as follows
the Crico-thyroid muscles, when they act, draw upwards the front of the cricoid cartilage
and so depress the posterior portion, which carries with it the arytenoid cartilages, and
thus elongate the vocal cords.
The Thyro-arytenoidei muscles, consisting of two parts having different attachments
and different directions, are rather coinplicated as regards their action. Their main use
is to draw the arytenoid cartilages forwards towards the thyroid, and thus shorten and
But, owing to the connection of the inner portion witli the vocal
relax the vocal cords.
cord, this part, if acting separately, is supposed to modify its elasticity and tension, and
the outer portion, being inserted into the outer part of the anterior surface of the arj'tenoid
cartilage, may rotate it inwards, and thus narrow the rima glottidis by bringing the two
cords together.
The Thyro-epiglottidei depress the epiglottis, and assist in compressing the sacculi
The Aryteno-epiglottideus superior constricts the superior aperture of the
laryngis.
larynx, when it is drawn upwards, during deglutition, and the opening closed by the
The Aryteno-epiglottideus inferior, together with some fibres of the Thyro
epiglottis.
arytenoidei, compress the sacculus laryngis.
:

—

The Mucous Membrane of the Larynx is continuous above with that lining
mouth and pharynx, and is prolonged through the trachea and bronchi into
It lines the posterior and upper part of the anterior surface of the
the lungs.
epiglottis, to which it is closely adherent, and forms the aryteno-epiglottidean
the

which encircle the superior aperture of the larynx. It lines the
forms, by its reduplication, the chief part of the
or false, vocal cord
and, from the ventricle, is continued into the
laryngis.
It is then reflected over the true vocal cords, where it is thin,

folds

the cavity of the larynx

;

;

intimately adherent

whole

of

superior,

sacculus

and very
the crico-thyroid membrane and

covers the inner surface of
is ultimately continuous with the lining membrane of the
trachea.
It is covered with columnar ciliated epithelium below the superior
vocal cord but above this point the cilia are found only in front, as high as the
cricoid cartilage

;

;

and

;

middle of the

squamous

epiglottis.

In the rest

Glands.

— The mucous membrane

muciparous glands, the

orifices of

numerous upon the

are very

of its

extent the epithelium

is

of

the

variety.

with numerous
they
pits in its substance

of the larynx is furnished

which are found

in nearly every part

;

being lodged in little
they are also found in large numbers along the posterior margin of the arytenoepiglottidean fold, in front of the arytenoid cartilages, where they are termed the
arytenoid glands. They exist also in large numbers upon the inner surface of the
sacculus laryngis. None are found on the vocal cords.
Vessels and Nerves.
The arteries of the larynx are the laryngeal branches
derived from the superior and inferior thyroid. The veins accompany the
arteries
those accompanying the superior laryngeal artery join the superior
thyroid vein, which opens into the internal jugular vein while those accompanying the inferior laryngeal artery join the inferior thyroid vein which opens into
the innominate vein. The lymiohatics terminate in the deep cervical glandsThe nerves are the superior laryngeal, and the inferior or recurrent laryngeal
branches of the pneumogastric nerves, joined by filaments from the sympathetic.
epiglottis,

;

—

:

;

1
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The superior laryngeal nerves supply the mucous membrane of the larynx and
The inferior laryngeal nerves supply the remaining
muscles. The Arytenoid muscle is supplied by both nerves.

the Crico-thyroid muscles.

The Tbachea
The

trachea, or windpipe,

flattened posteriorly,

is

(fig.

641)

a cartilaginous and

which extends from the

membranous

cylindrical tube,

lov^er part of the larynx,

on a level

with the sixth cervical vertebra, to opposite the fourth, or sometimes the
Fig. 641.

—Front view of cartilages of larynx

fifth.

the trachea and bronchi.

;

Corn

Eparterial
branch

Hijijarterial

hranch

where it divides into the two bronchi, one for each lung. The trachea
side,
measures about four inches and a half in length its diameter, from side to
male
the
in
greater
always
being
inch,
an
to
is from three-quarters of an inch
than in the female.
the
Relations.— The anterior surface of the trachea is convex, and covered
inferior
the
gland,
thyroid
the
of
isthmus
the
by
neck, from above downwards,
exists), the Sternothyroid veins, the arteria thyroidea ima (when that vessel
hyoid and Sterno-thyroid muscles, the cervical fascia, and, more superficially, by
dorsal,

;

m
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the anastomosing branches between the anterior jugular veins in the thorax it
is covered from before backwards by the first piece of the sternum, the remains
of the thymus gland, the left innominate vein, the arch of the aorta, the innominate and left carotid arteries, and the deep cardiac plexus. Posteriorly it is in
laterally, in the neck, it is in relation with the
relation with the oesophagus
common carotid arteries, the lateral lobes of the thyroid gland, the inferior
;

;

and, in the thorax, it lies in the
thyroid arteries, and recurrent laryngeal nerves
pneumogastric
nerve on each side of it.
having
the
pleurae,
the
between
space
The Right Bronchus, wider, shorter, and more horizontal in direction than the
left, is about an inch in length, and enters the right lung, opposite the fifth dorsal
;

from behind and the right
About three-quarters of an
inch from its commencement it gives off a branch to the upper lobe of the right
This is termed the eparterial branch, because it is given off above the
lung.
The bronchus now passes below the artery and is known
right pulmonary artery.
It divides into two branches for the middle and
as the liyparterial branch.

The vena azygos major arches over
vertebra.
pulmonary artery lies below% and then in front of

it,

;

it.

lower lobes.

The Left Bronchus is smaller, longer, and more oblique than the right, being
nearly two inches in length. It enters the root of the left lung, opposite the sixth
dorsal vertebra, about an inch lower
than the right bronchus.
It passes
Fig. 642.— Transverse section of the trachea,
just above its bifurcation, with a bird'sbeneath the arch of the aorta, crosses
eye view of the interior.
:^^ ^^^^^ ^f ^j^g a3Sophagus, the thoracic
Ze --

^l^'ls-

duct and the descending aorta, and has
the

left

pulmonary artery lying

at first

above, and then in front of it. If a
transverse section is made across the
trachea, a short distance above its
point of bifurcation, and a bird's-eye

view taken

of its interior

(fig.

642),

the septum placed at the bottom of
the trachea and separating the two

bronchi will be seen to occupy the left of the median line, and the right bronchus
appears to be a more direct continuation than the left, so that any solid body
dropping into the trachea would naturally be directed towards the right bronchus.
This tendency is aided by the larger size of the right tube as compared with its
fellow.
This fact serves to explain why a foreign body in the trachea more
frequently falls into the right bronchus.*
Structure.
The trachea is composed of imperfect cartilaginous rings, fibrous

—

membrane, muscular fibres, longitudinal yellow^ elastic fibres, mucous membrane,
and glands.
The cartilages vary from sixteen to twenty in number each forms an imper:

surrounds about two-thirds of the cylinder of the trachea, being
imperfect behind, where the tube is completed by fibrous membrane. The
cartilages are placed horizontally above each other, separated by narrow membranous intervals. They measure about two lines in depth, and half a line in
Their outer surfaces are flattened, but internally they are convex,
thickness.
from being thicker in the middle than at the margins. Two or more of the
fect ring, W'hich

and are sometimes bifurcated at
become calcified in
advanced life. In the right bronchus the cartilages vary in number from six to
eight
in the left, from nine to twelve.
They are shorter and narrower than
those of the trachea.
The peculiar cartilages are the first and the last.
The first cartilage is broader than the rest, and sometimes divided at one end

cartilages often unite, partially or completely,
their extremities.

They

are highly elastic, but sometimes

;

;

* Reigel asserts that the entrj' of a foreign body into the left bronchus is by no means
so infrequent as is generally supposed.
See also Med.-Chir. Trans, vol. Ixxi. p. 121.
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connected by fibrous membrane with the lower border of the cricoid cartiwith which, or with the succeeding cartilage, it is sometimes blended.
The last cartilage is thick aad broad in the middle, in consequence of its lower
border being prolonged into a triangular hook-shaped process, which curves
it

is

lage,

downwards and backwards between the two bronchi. It terminates on each side
an imperfect ring, which encloses the commencement of the bronchi. The
cartilage above the last is somewhat broader than the rest at its centre.
The fibrous membrane.— The cartilages are enclosed in an elastic fibrous
membrane, which forms a double layer one layer, the thicker of the two, passing
in

;

over the outer surface of the ring, the other over the inner surface at the upper
and lower margins of the cartilages these two layers blend together to form a
single membrane which c5nnects the rings one with another.
They are thus, as
membrane. In the space behind, between the exit were, embedded in the
tremities of the rings, the membrane forms a single distinct layer.
The muscular fibres are disposed in two layers, longitudinal and transverse.
The longitudinal fibres are the most external, and consist merely of a few
scattered longitudinal bundles of fibres.
:

,

Fig. 643.

— Surgical anatomy of laryngo -tracheal region.
In the infant.

Thyroid caitilage
Crico-thyroid membrane
and artery
Cricoid cartilage
Superior thyroid vein

Thyroid body [isthmus)

Inferior thyroid vein

Innominate artery

(Tracheahs muscle, Todd and Bowman), the most
internal, form a thin layer, which extends transversely between the ends of the

The

transverse fibres

and the intervals between them at the posterior part of the trachea.
The muscular fibres are of the unstriped variety.
The elastic fibres are found throughout the trachea, but are most abundant

cartilages

between the extremities of the rings, where they
are collected into distinct longitudinal bundles, and are especially numerous about
the bifurcation of the trachea. The fibres are contained in a loose submucous
at the posterior part of the tube

which contains numerous mucous glands.
The Mucous membrane is continuous above with

tissue,

that of the larynx, and below

presents a well-marked basement
with that of the bronchi.
membrane, supporting a layer of columnar cihated epithehum, between the
large
deeper ends of which are smaUer round or elongated cells. It contains a
Microscopically,

it

amount of lymphoid tissue and some tracheal glands.
The Tracheal glands are found in great abundance

at the posterior part of the

3x2
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upon the outer surface
furnished with an excretory duct, which pierces the
fibrous and muscular layers, and opens on the surface of the mucous membrane.
Some glands of smaller size are also found at the sides of the trachea, between
the layers of fibrous tissue connecting the rings, and others immediately beneath
the mucous coat. The secretion from these glands serves to lubricate the inner
surface of the trachea.
Vessels and Nerves. The trachea is supplied with blood by the inferior thyroid
The veins terminate in the thATToid venous plexus. The nerves are
arteries.
derived from the pneumogastric and its recurrent branches, and from the sym-

trachea.

They

are small, flattened, ovoid bodies, placed

of the fibrous layer

;

each

is

—

pathetic.

—

Surface Form. In the middle line of the neck, some of the cartilages of the larynx
can be readily distinguished. In the receding angle below the chin, the hyoid bone can
easily be made out (see page 210), and a finger's breadth below it is the pomum Adami, the
prominence between the upper borders of the two alse of the thyroid cartilage. A.bout an inch
below this, in the middle line, is a depression corresponding to the crico-thyroid space,
which the operation of laryngotomy is performed. This depression is bounded below by a
prominent arch, the anterior ring of the cricoid cartilage, below which the trachea can be
felt, though it is only in the emaciated adult that the separate rings can be distinguished.
The lower part of the trachea is not easily made out, for as it descends in the neck it takes
The level of the vocal cords
a deeper position, and is farther removed fi'om the surface.
corresponds to the middle of the anterior margin of the thyroid cartilage.
With the laryngoscope the following structures can be seen The base of the tongue,
and the upper siu-face of the epiglottis, with the glosso-epiglottic ligaments the superior
aperture of the larynx bounded on either side by the aryteno-epiglottidean ligaments, in
which may be seen two rounded eminences, corresponding to the cornicula and cuneiform
Beneath these the true and false vocal cords, with the ventricle between them.
cartilages.

m

:

;

;

Still deeper, the cricoid cartilage and some of the anterior parts of the rings of the trachea,
and sometimes, in deep inspiration, the bifurcation of the trachea.
Surgical Anatomy. Foreign bodies often find their way into the air-passages. These
may be either large soft substances, as a piece of meat, which may become lodged in the
upper aperture of the larynx, or in the rima glottidis, and cause speedj' suffocation
unless rapidly got rid of, or luiless an opening is made into the air-passages below, so as to
enable the patient to breathe. Smaller bodies, frequently of a hard nature, such as cherry
or plum stones, small pieces of bone, buttons, etc., may find their way through the rima
glottidis into the trachea or bronchus, or may become lodged in the ventricle of the larynx.
The dangers then depend not so much upon the mechanical obstruction as upon the
spasm of the glottis which they excite from reflex irritation. When lodged in the
ventricle of the larynx, they may produce very few symptoms beyond sudden loss of
voice or alteration in the voice sounds, immediately following the inhalation of the foreign

—

body. When, however, they are situated in the trachea, they are constantly striking
against the vocal cords during expiratory efforts, and produce attacks of dyspnoea from
spasixi of the glottis.
When lodged in the bronchus, they usually become fixed there, and,
occluding the lumen of the tube, cause a loss of the respiratory murmur on the affected
side, which is, as stated above, more often the right.
Beneath the mucous membrane of the uj^per part of the air-passages, there is a
considerable amount of submucous tissue, which is liable to become much swollen from
effusion in inflammatory affections, constituting the disease known as oedema of the
glottis.'
This effusion does not extend below the level of the vocal cords, on account of
the fact that the mucous membrane is closely adherent to these structures, without the
intervention of any submucous tissue.
So that, in cases of this disease, in which it is
necessary to open the air-passages to prevent suffocation, the operation of laryngotomy is
'

sufficient.

Chronic laryngitis is an inflammation of the mucous glands of the larynx, which
occurs in those who speak much in public, and is known as Clergyman's sore throat.'
It is due to the dryness induced by the large amount of cold air drawn into the
air-passages during prolonged speaking, which excites increased activity of the mucous
glands to keejD the parts moist, and this eventually terminates in inflammation of these
'

structures.

Ulceration of the larynx may occur from syphilis, either superficial ulceration, or from
the softening of a gumma from tuberculous disease (laryngeal phthisis), or from malignant
;

disease (epithelioma).
The air-passages may be opened in two different situations through the crico-thyroid
membrane {laryngotomy), or in some part of the trachea [tracheotomy) and to these
some siu'geons have added a third method, by opening the crico-thyroid membrane and
dividing the cricoid cartilage with the upper ring of the trachea (laryngo-tracheotomy).
The student should carefully consider the relative anatomy of the air-tube
each of these
situations (fig. 643).
:

;

m
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Laryngotomy is anatomically the simple operation; it can readily be performed,
and should always be preferred when particular circumstances do not render the
operation of tracheotomy absolutely necessary. The crico-thyroid membrane is very
superficial, being covered only in the middle line by the skin, superficial fascia, and the
deep fascia. On each side of the middle line it is also covered by the Sterno-hyoid and
Sterno -thyroid muscles, which diverge slightly from each other at their upper parts, leaving
On these muscles rests the anterior jugular vein. The
a shght interval between them.
only vessel of any importance in connection with this operation is the crico-thyroid artery,
which crosses the crico-thyroid membrane, and which may be wounded, but rarely gives
The operation is performed thus the head being thrown back and
rise to any trouble.
steadied by an assistant, the finger is passed over the front of the neck, and the crico:

thyroid depression

felt for.

A

vertical incision is then

made through

the skin, in the
fascia until the crico-thyroid
membrane is exposed.
cross cut is then made through the membrane, close to the
upper border of the cricoid cartilage, so as to avoid, if possible, the crico-thyroid artery, and

middle line over

this spot,

and carried down though the

A

a tracheotomy tube introduced. It has been recommended, as a more rapid way of
performing the operation, to make a transverse instead of a longitudmal cut through the
superficial structures, and thus to open at once the air-passages.
It will be seen, however,
that in operating in this way the anterior jugular veins would be in danger of being

wounded.
Tracheotomy
or this structure

may be performed either above or below the isthmus of the thyroid body
may be divided and the trachea opened beneath it.

:

The isthmus

of the thyroid gland iisually crosses the second and third rings of the
upper border is frequently to be found a large transverse communicating
branch between the superior thyroid veins and the isthmus itself is covered by a venous
plexus, formed between the thyroid veins of the opposite sides.
Theoretically, therefore,
it is advisable to avoid dividing this structure in opening the trachea.

trachea

;

along

its

;

Above the isthmus the trachea

is comparatively superficial, being covered by the skin,
deep fascia, Sterno-hyoid and Sterno-thjToid muscles, and a second layer
of the deep fascia, which, attached above to the lower border of the hyoid bone, descends
beneath the muscles to the thyroid body, where it divides mto two layers and encloses
the isthmus.
Below the isthmus the trachea lies much more deeply, and is covered by the Sternohyoid and the Sterno-thyroid muscles, and a quantity of loose areolar tissue, in which is a
plexus of veins, some of them of large size they converge to two trunks, the inferior
thyroid veins, which descend on either side of the median line on the front of the trachea,
and open into the innominate vein. In the infant the thymus gland ascends a variable
and opposite the episternal notch the windpipe is
distance along the ft-ont of the trachea
crossed by the left innominate vein. Occasionally also in young subjects the innommate
artery crosses the tube obliquely above the level of the sternum. The thyroidea ima
artery, when that vessel exists, passes from below upwards, along the front of the trachea.
From these observations it must be evident that the trachea can be more readily
opened above, than below, the isthmus of the thyroid bodj^
Tracheotomy^ above the isthmus is performed thus the patient should, if possible, be
laid on his back on a table in a good light.
A pillow is to be placed under the shoulders and
the head thrown back and steadied by an assistant. The surgeon standing on the right
side of his patient makes an incision from an inch and a half to two inches in length in the
median line of the neck from the top of the cricoid cartilage. The incision must be made
exactly in the middle line so as to avoid the anterior jugular veins, and after the superficial
structures have been divided, the interval between the Sterno-hyoid muscles must be
found, the raphe divided, and the muscles drawn apart. The lower border of the
cricoid cartilage must now be felt for, and the upper part of the trachea exposed fi'om this
point downwards in the middle line. Bose has recommended that the layer of fascia in
front of the trachea should be divided transversely at the level of the lower border of the
cricoid cartilage, and, having been seized with a pair of forceps, pressed downwards with
the handle of the scalpel. By this means the isthmus of the thyroid gland is depressed
and is saved from aU danger of being wounded, and the trachea cleanly exposed. The
trachea is now transfixed with a sharp hook and drawn forwards in order to steady
it, and is
then opened by inserting the knife into it and dividing the two or three
upper rings from below upwards. If the trachea is to be opened below the isthmus, the
incision must be made from a little below the cricoid cartilage to the top of the sternum.
In the child the trachea is smaller, more deeply placed, and more movable than
in the adult.
In fat or short-necked people, or in those in whom the muscles of the
neck are prominently developed, the trachea is more deeply placed than in the opposite

su]Derficial fascia,

;

;

:

conditions.

A portion

of the larynx or the whole of it has been removed for malignant disease.
results which have been obtained from the removal of the whole of it have not been
very satisfactorv, and the cases in which the operation is justifiable are very few. It may
be removed by a median incision through the soft parts freeing the cartilages from the
muscles and other structures in front separating the larynx from the trachea below, and

The

;

;

dissecting off the deeper structure from below upwards.

—
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The Pleurae
Bach lung is invested, upon its external surface, by an exceedingly delicate
serous membrane, the pleura, which encloses the organ as far as its root, and is
then reflected upon the inner surface of the thorax. The portion of the serous
membrane investing the surface of the lung and dipping into the fissures
between its lobes, is called the ijleura pulmonalis (visceral layer of pleura), while
which lines the inner surface of the chest is called the pleura costalis
(parietal layer of pleura).
The space between these two layers is called the
cavity of the pleura, but it must be borne in mind that in the healthy condition
the two layers are in contact and there is no real cavity, until the lung becomes
collapsed and a separation of it from the wall of the chest takes place. Each
pleura is therefore a shut sac, one occupying the right, the other the left half of
the thorax and they are perfectly separate, not communicating with each other.
that

;

Fig. 644.

A

transverse section of the thorax, showing the relative position of the
viscera, and the retiections of the pleurae.

Internal

Triangularis sterni
vesieh

mammary

Pleura jjuhnonalis
Left phrenic
nerve

I
,

costalis

Vena azygos major
Pneumogastric nerves

SymiKithetic nerve
Thoracic duct

The two pleurae do not meet in the middle line of the chest, excepting anteriorly
opposite the second piece of the sternum
a space being left between them,
which contains all the viscera of the thorax excepting the lungs this is the
1

;

;

mediastinum.

—

Reflections of the Pleura (fig. 644).
Commencing at the sternum, the pleura
passes outwards, covers the costal cartilages, the inner surface of the ribs and
Intercostal muscles, and at the back part of the thorax passes over the thoracic
ganglia and their branches, and is reflected upon the sides of the bodies of the
vertebrae, where it is separated by a narrow interval, the posterior mediastinum,
from the opposite pleura. From, the vertebral column the pleura passes to the
side of the pericardium, which it covers to a slight extent
it then covers the
back part of the root of the lung, from the lower border of which a triangular
fold descends vertically by the side of the posterior mediastinum to the
Diaphragm. This fold is the broad ligament of the lung, the ligamentum latum
pulmonis, and serves to retain the lower part of that organ in position. From the
;

THE MEDIASTINUM
root,

the pleura

and base, and

may
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be traced over the convex surface of the lung, the summit

also over the sides of the fissures

anterior surface

and the front part

of its root

;

between the lobes on to its
from this it is reflected upon the

side of the pericardium to the inner surface of the sternum.

Beloiv, it covers
the upper surface of the Diaphragm and extends, in front, as low as the costal
cartilage of the seventh rib
at the side of the chest, as low as the tenth rib on
the left side, and the ninth on the right side
and behind, it reaches as low as the
twelfth rib, and sometimes even beyond it, as low as the transverse process of
;

;

the first lumbar vertebra. Above, its apex projects, in the form of a cul-de-sac,
through the superior opening of the thorax into the neck, extending from one to
two inches above the margin of the first rib, and receives the summit of the
corresponding lung this sac is strengthened, according to Dr. Sibson, by a
dome-like expansion of fascia, attached in front to the posterior border of the
first rib, and behind to the anterior border of the transverse process of the
seventh cervical vertebra. This is covered and strengthened by a few spreading
muscular fibres derived from the Scaleni muscles.
In the front of the chest, where the parietal layer of the pleura is reflected
backwards to the pericardium, the two pleural sacs are in contact for a considerable extent.
At the upper part of the chest, behind the manubrium, they are
not in contact the point of reflection being represented by a line drawn from
;

;

the

sterno-clavicular

manubrium

to the

the

articulation to

body

of the sternum.

mid-point of

From

the

this point the

in close contact to the level of the fifth costal cartilage.

on the right side

junction of

the

two pleurae descend

Here the

line

of

continued onwards in nearly a straight line to the
lower end of the gladiolus and then turns outwards, whilst on the left side the
line of reflection diverges outwards, so that opposite the seventh cartilage it about
corresponds to the left border of this structure. It, however, always extends
considerably further over the pericardium than the corresponding lung. The
lower limit of the pleura is on a considerably lower level than the lower limit of
the lung, but does not extend to the attachment of the Diaphragm.
The inner surface of the pleura is smooth, polished, and moistened by a
serous fluid its outer surface is intimately adherent to the surface of the lung,
and to the pulmonary vessels as they emerge from the pericardium it is also
adherent to the upper surface of the Diaphragm throughout the rest of its
extent it is somewhat thicker, and may be separated from the adjacent parts
with extreme facility.
The right pleural sac is shorter, wider, and reaches higher in the neck than
reflection

is

;

;

:

the

left.

Vessels and Nerves.
costal, the internal

— The

arteries of the pletira are derived from the interthe musculo-phrenic, thymic, pericardiac, and

mammary,

bronchial.
The veins correspond to the arteries. The lymphatics are very
numerous. Th.e nerves are derived from the phrenic and sympathetic (Luschka).
KoUiker states that nerves accompany the ramification of the bronchial arteries
in the pleura pulmonalis.

—

Surgical Anatomy. In operations upon the kidney, it must be borne in mind that the
pleura may sometimes extend below the level of the last rib, and may therefore be opened
in these operations, especially when the last rib is removed in order to give more room.

The Mediastinum
The Mediastinum is the space left in the median Hne of the chest by the nonapproximation of the two pleurae. It extends from the sternum in front to the
spine behind, and contains all the viscera in the thorax excepting the lungs.
The mediastinum may be divided for purposes of description into two parts an
upper portion, above the upper level of the pericardium, which is named the
Superior mediastimim (Struthers) and a lower portion, below the upper level of
:

;

the pericardium.

This lower portion

is

again subdivided into three

:

that part
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which contains the pericardium and
part which

is in

its

contents, the middle mediastinum; that

front of the pericardium, the anterior mediastinum

;

and that

part which is behind the pericardium, the posterior mediastinum.
The superior mediastinum is that portion of the interpleural space which lies
above the upper level of the pericardium between the manubrium sterni in front,

and the upper dorsal vertebrae behind.
Fig. 645.

It is

bounded below by

a plane passing

— The posterior mediastinum.

backwards from the junction of the manubrium and gladiolus sterni to the lower
part of the body of the fourth dorsal vertebra.
It contains the origins of the
Sterno-hyoid and Sterno-thyroid muscles and the lower ends of the Longi colli
muscles
the arch of the aorta
the innominate, the thoracic portion of the
left carotid and subclavian arteries
the upper half of the superior vena cava and
the innominate veins, and the left superior intercostal vein
the pneumogastric.
;

;

;

;

THE LUNGS
cardiac, phrenic,

and thoracic

and

duct

;
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recurrent laryngeal nerves the trachea, oesophagus,
the remains of the thymus gland and some lymphatic

left

;

glands.

The anterior mediastinum is bounded in front by the sternum, on each side by
the pleura, and behind by the pericardium. It is very narrow, especially above,
where the two pleural sacs are almost, if not quite, in contact, but widens out a
little below, where the left pleura diverges somewhat from the middle line.
It
is therefore not parallel with the sternum, but directed from above obliquely
downwards and to the left. It contains the origins of the Triangularis sterni
muscles, and a quantity of loose areolar tissue, in which some lymphatic vessels
are found ascending from the convex surface of the liver, and two or three
lymphatic glands (anterior mediastinal glands).
The middle mediastinum is the broadest part of the interpleural space. It
contains the heart, enclosed in the pericardium, the ascending aorta, the lower
half of the superior vena cava, with the vena azygos major opening into it, the
bifurcation of the trachea and the two bronchi, the pulmonary artery dividing
into its two branches and the right and left pulmonary veins, the phrenic nerves,
and some bronchial lymphatic glands.
The

posterior mediastinum

(fig.

645)

is

an irregular triangular space running

column it is bounded in front by the pericardium and
roots of the lungs, behind by the vertebral column from the lower border of the
fourth dorsal vertebra, and on either side by the pleura.
It contains the
descending thoracic aorta, the greater and lesser azygos veins, the pneumogastric and splanchnic nerves, the oesophagus, thoracic duct, and some lymphatic

parallel with the vertebral

;

glands.

The Lungs
The Lungs are the essential organs of respiration they are two in number,
placed one on each side of the chest, separated from each other by the heart and
other contents of the mediastinum. Each lung is conical in shape, and presents
for examination an apex, a base, two borders, and two surfaces (see fig. 647).
The fljjcj; forms a tapering cone which extends into the root of the neck,
about an inch to an inch and a half above the level of the first rib.
The base is broad, concave, and rests upon the convex surface of the Diaphragm its circumference is thin, and fits into the space between the lower ribs
;

:

and the costal attachment of the Diaphragm, extending lower down externally
and behind than in front.
The external or tJioracic surface is smooth, convex, of considerable extent,
and corresponds to the form of the cavity of the chest, being deeper behind than
in front.
It presents, in front, a depression corresponding
pericardium and behind, a deep fissure (the hilum
pulmonis), which gives attachment to the root of the lung.
The ]posterior border is rounded and broad, and is received into the deep conIt is much longer than the anterior
cavity on either side of the spinal column.

The

to the

inner surface

convex surface

is

concave.

of the

;

border, and projects, below, between the ribs and the Diaphragm.
The anterior border is thin and sharp, and overlaps the front of the peri-

cardium.
is divided into two lobes, an upper and lower, by a long and deep
which extends from the upper part of the posterior border of the organ,
about three inches from its apex, downwards and forwards to the lower part of
its anterior border.
This fissure penetrates nearly to the root. In the right
lung the upper lobe is partially subdivided by a second and shorter fissure, which
extends from the middle of the preceding, forwards and upwards, to the anterior
margin of the organ, marking off a small triangular portion, the middle lobe.
The right lung is the larger and heavier it is broader than the left, owing
it is also shorter by an inch, in
to the inclination of the heart to the left side

Each lung

fissure,

;

;

J

'
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consequence

Diaphragm

of the

the hver.

rising higher

on the right side

accommodate

to

—

The roots of the lungs. A Httle above the middle of the inner surface of each
and nearer its posterior than its anterior border, is its root, by which the
lung is connected to the heart and the trachea. The root is formed by the
bronchial tube, the pulmonary artery, the pulmonary veins, the bronchial arteries
and veins, the pulmonary plexus of nerves, lymphatics, bronchial glands, and
The root
areolar tissue, all of which are enclosed by a reflection of the pleura.
of the right lung lies behind the superior vena cava and ascending portion of the
That of the left lung passes beneath
aorta, and below the vena azygos major.
the arch of the aorta, and in front of the descending aorta the phrenic nerve
and the anterior pulmonary plexus lie in front of each, and the pneumogastric
and posterior pulmonary plexus behind each.
lung,

;

Fig. 646.

— Transverse section through the upper margin

of the third

(Braune.)

dorsal vertebra.
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The chief structures composing the root of each lung are arranged in a similar
manner from before backwards on both sides viz. the pulmonary veins most
anterior
the pulmonary artery in the middle and the bronchus, together with

—

;

:

;

the bronchial vessels, behind.

arrangement

differs,

thus

From above downwards, on

the two sides, their

:

—

Gn

the right side their position is bronchus, pulmonary artery, pulmonary
but on the left side their position is pulmonary artery, bronchus,
pulmonary veins this is accounted for by the bronchus being placed on a lower
level on the left than on the right side, in order that it may pass under the arch
of the aorta.
The weight of both lungs together is about forty-two ounces, the right lung
being two ounces heavier than the left but much variation is met with according
to the amount of blood or serous fluid they may contain.
The lungs are heavier
in the male than in the female, their proportion to the body being, in the former,
veins

—

;

;

;

as

I

to 37, in the latter as

from 0-345

to

i

to 43.

The

0746, water being 1,000.

specific gravity of the lung-tissue varies

;

THE LUNGS
The

bhth is a pinkish-white in adult life, a dark slateand as age advances, this mottling assumes a black

colour of the lungs at

colour, mottled in patches

;
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;

The colouring matter consists of granules of a carbonaceous substance
colour.
deposited in the areolar tissue near the surface of the organ. It increases in
quantity as age advances, and is more abundant in males than in females. The
posterior border of the lung is usually darker than the anterior.
The surface of the lung is smooth, shining, and marked out into numerojis
polyhedral spaces, indicating the lobules of the organ the area of each of these
:

crossed by numerous lighter lines.
The substance of the lung is of a light, porous, spongy texture it floats in
water, and crepitates when handled, owing to the presence of air in the tissue

spaces

is

;

Fig. 647.

—Front view of the heart and lungs.
Ductus
te^tosus

hence the collapsed state of these organs when they are
cavity of the thorax.
closed
the
from
removed
coat, a subserous
Structure.— The lungs are composed of an external serous
parenchyma.
or
substance
areolar tissue, and the pulmonary
and mvests
The serous coat is derived from the pleura it is thin, transparent,
it is

also highly elastic

;

;

the entire organ as far as the root.
p
^i
it
elastic fa bres
The subserous areolar tissue contains a large proportion of
lobules
the
between
inwards
invests the entire surface of the lung, and extends
closely connected
The parenchyma is composed of lobules, which, although
one another,
from
distinct
quite
are
tissue,
areolar
together by an interlobular
The lobules
foetus
the
and may be teased asunder without much difficulty in
base tmned
the
form,
pyramidal
of
large,
vary in size those on the sm^face are
forms. Lach
various
of
and
smaUer,
interior
the
in
towards the surface those
of a bronchial tube and its
lobule is composed of one of the ramifications
•

i

;

:

;
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terminal air-cells, and of the ramifications of the pulmonary and bronchial vessels,
all of these structm-es being connected together by
lymphatics and nerves
;

areolar tissue.
The bronchus,

upon entering the substance of the lung, divides and subdivides
Sometimes three branches arise
bipinnately throughout the entire organ.
together, and occasionally small lateral branches are given off from the sides of a
main trunk. Each of the smaller subdivisions of the bronchi enters a pulmonary
lobule,

and

is

termed a lobular bronchial tube or bronchiole.

Its v^all

now

begins

and on one
become more

to present irregular dilatations, air-cells or alveoli, at first sparingly

side of the tube only, but as it proceeds onwards these dilatations
numerous and surround the tube on all sides, so that it loses its cylindrical
The bronchiole now becomes enlarged, and is termed the atrium or
character.
from it are given off, on all sides, ramifications, called
alveolar passage
infundibula, which are closely beset in all directions by alveoli or air-cells.
Within the lungs the bronchial tubes are circular, jiot flattened, and present
;

certain peculiarities of structure.
Changes in the structure of the bronchi in the lungs.

—

i. In the lobes of the
lungs.
In the lobes of the lungs the following changes take place. The cartilages
are not imperfect rings, but consist of thin laminae, of varied form and size,
scattered irregularly along the sides of the tube, being most distinct at the points
They may be traced into tubes, the diameter of
of division of the bronchi.

—

which is only one-fourth of a line. Beyond this point the tubes are wholly
membranous. The fibrous coat and the longitudinal elastic fibres are continued
into the smallest ramifications of the bronchi.
The muscular coat is disposed
in the form of a continuous layer of annular fibres, which may be traced upon
the smallest bronchial tubes, and consists of the unstriped variety of muscular
tissue.
The mucous membrane lines the bronchi and its ramifications throughout,
and is covered with columnar ciliated epithelium.
2. In the lobules of the lung.
In the lobular bronchial tubes and in the
infundibula the following changes take place.
The muscular tissue begins to
The
disappear, so that in the infundibula there is scarcely a trace of it.
longitudinal elastic fibres begin to break up, so that in the infundibula they form
an interlacement around the mouths of the air-cells which spring from it. The
epithelium becomes non-ciliated and flattened. This occurs gradually thus, in

—

;

the lobular bronchial tubes, patches of non-ciliated flattened epithelium may be
found scattered amongst the columnar ciliated epithelium then these patches of
non-ciliated flattened epithelium become more and more numerous, until in the
infundibula and air-cells all the epithelium is of the non-ciliated pavement variety.
;

In addition to these flattened cells, there are small polygonal granular cells in
the air-sacs in clusters of two or three, between the others.
The air-cells are small, polyhedral, alveolar recesses composed of a fibrillated
connective tissue, and svirrounded by a few involuntary muscular and elastic
In their walls are granular, rounded, amoeboid cells, often containing
carbonaceous particles. The air-cells are well seen on the surface of the lung,
and vary from ^-oiyth to tV^^i of an inch in diameter being largest on the surface
at the thin borders and at the apex, and smallest in the interior.
The lyulmonary artery conveys the venous blood to the lungs it divides into
branches which accompany the bronchial tubes, and terminates in a dense
capillary network, upon the walls of the intercellular passages and air-cells.
In
the lung, the branches of the XDulmonary artery are usually above and in front of
fibres.

;

;

a bronchial tube, the vein below.

The pulmonary capillaries form plexuses which lie immediately beneath the
mucous membrane, in the walls and septa of the air-cells, and of the infundibula.
In the septa between the air-cells the capillary network forms a single layer.
The capillaries form a very minute network, the meshes of which are smaUer
than the vessels themselves * their walls are also exceedingly thin. The arteries
;

*

The meshes

0-005"'.

are only 0-002'" to o'ooS'" in width, while the vessels are 0-003''' to
Kolliker, Human Microscopic Anatomy.
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Fig. 648.

— The roots

of the
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lungs and posterior pulmonary plexus, seen from behind.

PECU'^PENT LARYNOCAL NERVE
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of neighbouring lobules are independent
anastomose together.

of

each other, but the veins freely

The p2ilmonary veins commence in the pulmonary capillaries, the radicles
coalescing into larger branches, which accompany the arteries and return the
oxygenated blood to the left auricle of the heart.
The bronchial arteries supply blood for the nutrition of the lung: they are
derived from the thoracic aorta, and, accompanying the bronchial tubes, are
distribiited to the bronchial glands, and upon the walls of the larger bronchial
Those supplying the bronchial tubes form a
tubes and pulmonary vessels.
capillary plexus in the muscular coat, from which branches are given off to form
This plexus communicates with branches
a second plexus in the mucous coat.
of the pulmonary artery, and empties itself into the pulmonary vein.
Others
are distributed in the interlobular areolar tissue, and terminate partly in the deep,
Lastly, some ramify upon the surface
partly in the superficial, bronchial veins.
of the lung, beneath the pleura, where they form a capillary network.
The bronchial vein is formed at the root of the lung, receiving superficial and
deep veins corresponding to branches of the bronchial artery. It does not,
however, receive all the blood supplied by the artery, as some of it passes into
the pulmonary vein. It terminates on the right side in the vena azygos major,
and on the left side in the superior intercostal vein.

The lymphatics

consist of a superficial

and deep

set

:

they terminate at the

root of the lung, in the bronchial glands.

—

Nerves. The lungs are supplied from the anterior and posterior pulmonary
plexuses, formed chiefly by branches from the sympathetic and pneumogastric.
The filaments from these plexuses accompany the bronchial tubes, upon which

they are

lost.

Small ganglia are found upon these nerves.

Surface Form. — The apex

of the lung is situated in the neck, behind the interval
of the Sterno-mastoid.
The height to which it rises above
the clavicle varies very considerably, but is generally about one inch. It may, however,
extend as much as an inch and a half or an inch and three-quarters, or, on the other hand,
In order to mark out the anterior
it may scarcely project above the level of this bone.
margin of the lung, a line is to be drawn from the apex point, one inch above the level of
the clavicle, and rather nearer the posterior than the anterior border of the Sterno-mastoid
muscle, downwards and inwards across the sterno-clavicular articulation and first piece
of the sternum until it meets, or almost meets, its fellow of the other side opposite the
From this point the two lines are to be
articulation of the manubrium and gladiolus.
drawn downwards, one on either side of the mesial line and close to it, as far as the level
From here the two lines
of the articulation of the fourth costal cartilages to the sternum.
diverge, the left is to be drawn at first passing outwards with a slight inclination downwards, and then taking a bend downwards with a slight inclination outwards to the apex
The direction of the
of the heart, and thence to the sixth costo-chondral articulation.
anterior border of this part of the left lung is denoted with sufficient accuxacy by a curved
line, with its convexity directed upwards and outwards from the articulation of the fourth
right costal cartilage of the sternum to the fifth intercostal space, an inch and a half
below, and three-quarters of an inch internal to the left nipple. The continuation of the
anterior border of the right lung is marked by a prolongation of its line from the level
of the fourth costal cartilages vertically downwards as far as the sixth, when it slopes off
along the line of the sixth costal cartilage to its articulation with the rib.
The lower border of the lung is marked out by a slightly curved line, with its convexity
downwards from the articulation of the sixth costal cartilage to its rib to the spinous
process of the tenth dorsal vertebra. If vertical lines are drawn downwards from the
nipple, the mid-axillary line and the apex of the scapula, while the arms are raised
from the sides, they should intersect this convex line, the first at the sixth, the second at
the eighth, and the third at the tenth rib. It will thus be seen that the pleura (see page 1047)
extends farther down than the lung, so that it may be wounded, and a wound pass through
its cavity into the Diaphragm, and even injure the abdominal viscera, without the lung
being involved.
The posterior border of the lung is indicated by a line drawn from the level of the
spinous process of the seventh cervical vertebra, down either side of the spine, corresponding to the costo-vertebral joints as low as the spinous process of the tenth dorsal vertebraThe trachea bifurcates opposite the spinous process of the fourth dorsal vertebra, and from
this point the two bronchi are directed outwards, the right one almost horizontally, the
left with a considerable inclination downwards.
The position of the great fissure in tlie right lung may be indicated by a line drawn

between the two heads of origin

THE THYEOID GLAND
from the fourth dorsal vertebra round the
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side of the chest to the anterior

margin of the

lung opposite the seventh rib, and the smaller or secondary fissure by a line drawn from
the preceding where it bisects the mid-axillary line to the jmiction of the fourth costal
The great fissure in the left lung is a little higher, extending
cartilage to the sternum.
from the third dorsal vertebra round the side of the chest to reach the anterior margin of
the lung opposite the sixth costal cartilage.
Surgical Anatomy. The lungs may be wounded or torn in three ways, (i) By compression of the chest, without any injury to the ribs.
(2) By a fractured rib penetrating
the lung.
(3) By stabs, gunshot wounds, etc.
The first form, where the lung is ruptured by external compression without any
fracture of the ribs, is very rare, and usually occurs in young children, and affects the

—

root of the lung, i.e. the most fixed part,
It would seem a priori a
fi-equently fatal.

and thus, implicating the great vessels, is
most unusual injury, and its exact mode of

causation is difficult to interpret. The probable explanation is that immediately before
the compression is applied a' deep inspiration is taken and the lungs are fully inflated
owing then to spasm of the glottis at the moment of compression, the air is unable to
escape from the lung, which is not able to recede, and consequently gives way.
In the second variety, when the wound in the Imig is produced by the penetration of
a broken rib, both the pleura costalis and pulmonalis must necessarily be injured, and
consequently the air taken into the wounded air-cells may find its way through these
womids into the cellular tissue of the parietes of the chest. This it may do without
the two layers of the pleura are so intimately in contact
collecting in the xjleural cavity
that the air passes straight through fi'om the wounded lung into the subcutaneous tissue.
Emphysema constitutes therefore the most important sign of injury to the lung in cases
Pneumothorax, or air in the pleural cavity, is much more likely to
of firacture of the ribs.
occur in injuries to the lung of the third variety, that is to say, from external wounds,
from stabs, gunshot injuries and such like, in which case air passes either from the
wound of the lung or from the external wound into the cavity of the pleura during the
respiratory movements. In these cases there is generally no emphysema of the subcutaneous tissue unless the external wound is small and valvular, so that the air is drawn
into the wound during inspiration, and then forced into the cellular tissue around diu'ing
expiration because it cannot esca]pe from the external wound. Occasionally in wounds of
the parietes of the chest no air finds its way into the cavity of the pleura, because the
lung at the time of the accident protrudes through the wound and blocks the opening.
This occurs where the wound is large, and constitutes one form of hernia of the lung.
Another form of hernia of the kmg occurs, though very rarely, after wounds of the chest
wall, when the wound has healed and the cicatrix subsequently yields from the pressure
of the viscus behind. It forms a globular, elastic, crepitating swelling, which enlarges
during expiratory efforts, falls in during inspiration, and disappears on holding the
breath.
;

;

The Thyroid Gland
The thyroid gland bears much resemblance in structure to other glandular
was formerly classified together with the thymus, suprarenal capsules,
and spleen, under the head of ductless glands, since when fully developed it has
organs, and

no excretory duct. From its situation in connection with the trachea and larynx,
the thyroid body is usually described with those organs, although it takes no
part in the function of respiration. It is situated at the upper part of the trachea,
and consists of two lateral lobes, placed one on each side of that tube, and
connected together by a narrow transverse portion, the isthmus.
Its anterior surface is convex, and covered by the Sterno-hyoid, Sternothyroid, and Omo-hyoid muscles.
Its lateral surfaces, also convex, lie in contact

with the sheath

of the

common

and are overlapped by the Sterno-mastoid muscle.
The
Its posterior surface is concave, and embraces the trachea and larynx.
posterior borders of the gland extend as far back as the lower part of the pharynx,
and on the left side to the oesophagus.
It is larger in
The thyroid varies in weight from one to two ounces.
females than in males, and becomes shghtly increased in size during menstruation.
Each lobe is somewhat conical in shape, about two inches in length, and threequarters of an inch to an inch and a quarter in breadth, the right lobe being
carotid artery

the larger of the two.
The isthmus connects the lower third of the two lateral lobes; it measures
about half an inch in breadth, and the same in depth, and usually covers the
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second and third rings of the trachea. Its situation presents, however, many
importance in the operation of tracheotomy. Sometimes
the isthmus is altogether wanting.
A third lobe, of conical shape, called the 2^)2/ ram id, occasionally arises from the
upper part of the isthmus, or from the adjacent portion of either lobe, but most
commonly the left, and ascends as high
It is occasionally
as the hyoid bone.
Fig. 649. Two lobules from the

variations, a point of

—

thyroid of an infant.

quite detached, or divided into

two

parts,

or altogether wanting.

A

few muscular bands are occasionfound attached, above, to the body
of the hyoid bone, and below to the
isthmus of the gland, or its pyramidal
process.
These form a muscle, which
was named by Sommerring the Levator
ally

glandulce thyroidece.

—

a.

Small glandular vesicles with their cells, h. The
same with incipient colloid metamorphosis, more
strongly marked at c. d. Coarse lymph-canals.

Pine radicles of the same.

e.

sel of

/.

An

considerable size.

efferent ves-

Structure.
The thyroid body is invested by a thin capsule of connective
tissue, which projects into its substance
and imperfectly divides it into masses
of irregular form and size.
When the
organ is cut into, it is of a brownishred colour, and is seen to be made up of
a number of closed vesicles, containing
a yellow glairy fluid, and separated from
each other by intermediate connective
tissue.

According to Dr. Baber, who has recently published some important observations on the minute structure of the thyroid,* the vesicles of the thyroid of the
adult animal are generally closed cavities but in some young animals (e.g. young
This appearance he
dogs) the vesicles are more or less tubular and branched.
supposes to be due to the mode of growth of the gland, and merely indicating that
an increase in the number of vesicles is taking place. Each vesicle is lined by a
single layer of epithelium, the cells of which, though differing somewhat in shape
in different animals, have always a tendency to assume a columnar form. Between
;

The vesicles are of various sizes
the epithelial cells exists a delicate reticulum.
and shapes, and contain as a normal product a viscid, homogeneous, semi-fluid,
the red corpuscles
slightly yellowish material, which frequently contains blood
of which are found in it in various stages of disintegration and decolorisation, the
yellow tinge being probably due to the haemoglobin, which is thus set free from
;

Baber has also described in the thyroid gland of the dog
round cells (' parenchymatous cells '), each provided with a single ovalshaped nucleus, which migrate into the interior of the gland-vesicles.
The capillary blood-vessels form a dense plexus in the connective tissue around
the vesicles, between the epithelium of the vesicles and the endothelium of the
lymph-spaces, which latter surround a greater or smaller part of the circumference
These lymph-spaces empty themselves into lymphatic vessels,
of the vesicle.
which run in the interlobular connective tissue, not uncommonly surrounding the
arteries which they accompany, and communicate with a network in the capsule
Baber has found in the lymphatics of the thyroid a viscid
of the gland.
material which is morphologically identical with the normal constituent of the
the coloured corpuscles.
large

vesicle.

—

The arteries supplying the thyroid are the superior and
and sometimes an additional branch (thyroidea media, or ima)
from the innominate artery, or the arch of the aorta, which ascends upon the
Vessels and Nerves.

inferior thyroid,

*

1881.

'

Researches on the Minute Structure of the Thyroid Gland,' Phil. Trans, part

iii.
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The arteries are remarkable for their large size and frequent
anastomoses. The veins form a plexus on the surface of the gland, and
on the
front of the trachea, from which arise the superior, middle, and inferior
thyroid
veins the two former terminating in the internal jugular, the latter in the
innofront of the trachea.

;

minate vein. The lympliatics are numerous, of large size, and terminate in
the
thoracic and right lymphatic ducts. The nerves are derived from the middle
and
inferior cervical

gangha

of the sympathetic.

Surgical Anatovuj .—The thyroid gland is subject to enlargement, which
is called
This may be due to hypertrophy of any of the constituents of the gland.
goitre.
The
simplest (parenchymatous goitre) is due to an enlargement of the follicles. The
-fibroid is
due to increase of the interstitial connective tissue. The cystic is that form in which one
or

more

follicles.

large cysts are formed
The indsating goitre

Fig.

from dilatation and possibly coalescence of adjacent
is where the vascular changes predominate
over the

650.— Minute

structure of thyroid. From a transverse section of the
thyroid of a dog.
(Semi-diagrammatic.)
(Baber.)
Vesicle

Lymphatic

vessel

'"^

Artery

Wall of gland-vesicle

parenchymatous, and the vessels of the gland are especially enlarged. Finally, there 'is
exoi^lithahnic goitre (Graves's disease), where there is great vascularity and often pulsation accompanied by exophthalmos, palpitation, and rapid pulse.
For the relief of these growths various operations have been resorted to such as
injection of tincture of iodine or perchloride of iron, especially applicable to the cystic form
of the disease
ligature of the thyroid arteries excision of the isthmus and extirpation of
the whole or a part of the gland. This latter operation is one of difficulty, and when the
entire gland has been removed the operation has been followed by a condition resembling
myxcedema. In removing the organ great care must be taken to avoid tearing the
capsule, as if this happens the gland-tissue bleeds profusely.
The thyroid arteries should
be ligatured before an attempt is made to remove the mass, and in ligaturing the inferior
thyroid the position of the recurrent laryngeal nerve ixiust be borne in mind, so as not
:

;

to include

it

;

;

in the ligature.

The Thymus Gland
The thymus ^land presents much resemblance in structure to other glandular
is another of the organs which used formerly to be denominated

organs, and

ductless glands.

The thymus gland is a temporary organ, attaining its full size at the end of the
second year, when it ceases to grow, and gradually dwindles, until at puberty it
has almost disappeared. If examined when its growth is* most active, it will be
found to consist of two lateral lobes placed in close contact along the middle line,
situated partly in the superior mediastinum, partly in the neck, and extending

3Y
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from the fourth costal cartilage upwards, as high as the lower border of the
thyroid gland. It is covered by the sternum, and by the origins of the Sternohyoid and Sterno-thyroid muscles.- Below, it rests upon the pericardium, being
separated from the arch of the aorta and great vessels by a layer of fascia. In
the neck it lies on the front and sides of the trachea, behind the Sterno-hyoid
and Sterno-thyroid muscles. The two lobes generally differ in size they are
occasionally united, so as to form a single mass and sometimes separated by an
intermediate lobe. The thymus is of a pinkish-grey colour, soft, and lobulated
on its surfaces. It is about two inches in length, one and a half in breadth
below, and about three or four lines in thickness. At birth it weighs about half
an ounce.
Structure.
Each lateral lobe is composed of numerous lobules, held together
by delicate areolar tissue the entire gland being enclosed in an investing capsule
The primary lobules vary in size from a pin's
of a similar but denser structure.
head to a small pea, and are made up of a number of small nodules or follicles,
which are irregular in shape and are more or less fused together, especially
;

;

—

;

Fig. 651.

I.

— Minute structure of thymus gland.

Upper portion of the thymus of a foetal pig of 2" ia length, showing the bud-like lobuli and glandular elements.
2. Cells of the thymus, mostly from a mau.
c. Larger,
d. Larger, with oila. Free nuclei,
b. Small cells,
globules, from the ox. e, f. Cells completelj' filled with fat, at / without a nucleus, g, h. Concentric bodies.
!i.
composite stmcture of a similar nature.
g. An encapsulated nucleated cell.

A

towards the interior of the gland. According to Watney, each follicle consists of
a medullary and cortical portion, which differ in many essential particulars from
each other. The cortical portion is mainly composed of lymphoid cells, supported
by a delicate reticulum. In addition to this reticulum, of which traces only are
found in the medullary portion, there is also a network of finely branched cells,
which is continuous with a similar network in the medullary portion. This
network forms an adventitia to the blood-vessels. In the medullary portion there
are but few lymphoid cells, but there are, especially towards the centre, granular

and concentric corpuscles. The granular cells are rounded or flask-shaped
masses, attached (often by fibrillated extremities) to blood-vessels and to newly
formed connective tissue. The concentric corpuscles are composed of a central
mass, consisting of one or more granular cells, and of a capsule which is formed

cells

of epithelioid cells, which are continuous with the branched cells forming the
network mentioned above.
Each follicle is surrounded by a capillary plexus, from which vessels pass into
the interior, and radiate from the periphery towards the centre, and form a second

;
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zone just within the margin of the medullary portion.
In the centre of the
medulla there are very few vessels, and they are of minute size.
Dr. Watney has recently made the important observation that haemoglobin is
found in the thymus, either in cysts or in cells situated near to, or forming part of,
This haemoglobin varies from granules to masses
the concentric corpuscles.
exactly resembling coloured blood-corpuscles, oval in the bird, reptile, and fish
circular in all
in the

lymph

mammals, except in the camel. Dr. Watney has also discovered,
issuing from the thymus, similar cells to those found in the gland,

and, like them, containing haemoglobin, either in the form of granules or masses.
Fig. 652.

— Minute structure of thymus gland.

Follicle of injected thj^mus fi-om calf, foar
diagrammatic, magnified about 50 diameters. The large vessels are
disposed in two rings, one of which siuTounds the follicle, the other lies just within the
margin of the medulla. (Watney.)

days

old, slightly

GRANULAR CELLi

A

and B. From thymus of camel, examined without addition of anj' reagent. Magnified about 400 diameters.
the lymph-glands,
A. Large colourless cell, containing small oval masses of hismoglobin. Similar cells are found
B. Coloured blood-corpuscles.
spleen, and medulla of bone.

m

these facts he arrives at the physiological conclusion that the thymus is one
source of the coloured blood-corpuscles.
The arteries supplying the thymus are derived from
Vessels and Nerves.
the internal mammary, and from the superior and inferior thyroid. The veins
terminate in the left innominate vein, and in the thyroid veins. The lymphatics
are of large size, arise in the substance of the gland, and are said to terminate in
the internal jugular vein. The nerves are exceedingly minute they are derived

From

—

;

from the pneumogastric and sympathetic. Branches from the descendens hypoglossi and phrenic reach the investing capsule, but do not penetrate into the
substance of the gland.

3

Y
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THE UEINAET OEGANS
THE KIDNEYS
two in number, are situated in the back part of the abdomen,
THEandKidne^^s,
are for the purpose of separating from the blood certain materials
which, when dissolved in a quantity of water, also separated from the blood by
the kidneys, constitute the urine.
They are placed in the loins, one on each side of the vertebral column, behind
Their
the peritoneum, and surrounded by a mass of fat and loose areolar tissue.
upper extremity is on a level with the upper border of the twelfth dorsal vertebra,

on a level with the third lumbar. The right kidney is
usually on a slightly lower level than the left, probably on account of the vicinity
of the liver.
The kidneys rest on the lower part of the Diaphragm and the fascia covering
the Quadratus lumborum and the Psoas magnus muscles. The right one is
their lower extremity

covered in front by the right lobe of the liver, the descending portion of the
duodenum, and hepatic flexure of the colon the left one has in front the fundus
of the stomach, the tail of the pancreas, and the descending colon.
Each kidney is about four inches in length, two to two and a half in breadth,
and rather more than one inch in thickness. The left is somewhat longer,
though narrower, than the right. The weight of the kidney in the adult male
varies from 4tj ounces to 6 ounces, in the adult female from 4 to 5^ ounces.
The combined weight of the two kidneys in proportion to the body is about i in
;

240.

The kidney has a characteristic form. It is flattened on its sides, and presents
one part of its circumference a hollow. It is larger at its upper than its lower
It presents for examination two surfaces, two borders, and an upper
extremity.
and lower extremity.
Its anterior surface is convex, looks forwards and outwards, and is partially
covered by peritoneum. The upper part of this surface on the right side is in
contact with the under surface of the right lobe of the liver, on which it produces
below this, the
a slight concave impression, the imioressio renalis (page 994)
descending portion of the duodenum, and the hepatic flexure of the colon are
connected to this surface by a quantity of loose areolar tissue. On the left side,
the upper part of the anterior surface of the kidney is in contact wdth the under
surface of the stomach, and below this with the left extremity of the pancreas,
whilst the lower part is connected to the descending colon by loose areolar tissue.
The kidneys are partly covered in front by peritoneum and partly uncovered.
On the right kidney, the hepatic area, that is to say that portion of the kidney
which produces the renal impression on the liver, is covered by peritoneum, which
therefore separates the kidney from the liver the duodenal and colic areas are not
peritoneal, and these structures are connected to the kidney by loose connective
tissue; at the low^er and inner extremity is a small area, the meso-colic area,
which is covered by a layer of peritoneum of the greater sac and by the colic
On the left kidney, the gastric area is covered by the peritoneum of
vessels.
the lesser sac the pancreatic and colic areas are non-peritoneal whilst as on
at

;

;

;

;
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the right side, at the lower and inner extremity is an area, meso-colic, which
covered by the peritoneum of the greater sac and by the cohc vessels.

is

The ^posterior surface is flatter than the anterior, and is embedded in areolar
which separates it from the Diaphragm, and from the anterior lamella of
the lumbar fascia covering the Quadratus lumborum muscle, and internally from
the fascia covering the Psoas magnus muscle. The last dorsal, the iho-inguinal
tissue,

and the ilio-hypogastric nerves are

also in relation with this surface.
convex, and is directed outwards and backwards,
towards thepostero-lateral wall of the abdomen. On the left side it is in contact
at its upper part, with the spleen.
The internal border is concave, and is directed forwards and a httle
downwards. It presents a deep longitudinal fissure, bounded by a prominent
overhanging anterior and posterior lip. This fissure is named the hilmn, and
allows of the passage of the vessels, nerves, and ureter into and out of the
kidney.

The

The

external border

is

superior extremity, directed slightly inwards as well as upwards, is thick
is surmounted by the suprarenal capsule, which covers also a

and rounded, and

small portion of the anterior surface.
The inferior extremity, directed a little outwards, as well as downwards, is
smaller and thinner than the superior. It extends to within two inches of the
crest of the ilium.
At the hilum of the kidney the relative position of the main structures passing
into and out of the kidney is as follows
the vein is in front, the artery in the
:

—

middle, and the duct or ureter behind and towards the lower part. By a knowledge of these relations, the student may distinguish between the right and left
kidney. The kidney is to be laid on the
table, before the student,

on

its

posterior

Fig

Vertical ^section of kidney.

towards
say, with the

surface, with its lower extremity

—

the observer that is to
ureter behind and beloiu the other vessels
the hilum will then be directed to the side
;

to

which the kidney belongs.

—

General Structure of the Kidney. The
kidney is surrounded by a distinct investment of fibrous tissue, which forms a firm,
smooth covering to the organ. It closely
invests it, but can be easily stripped off, in
doing which, however, numerous fine
processes of connective tissue and small
Beneath
blood-vessels are torn through.
this coat, a thin

wide-meshed network

of

unstriped muscular fibre forms an incomWhen the
plete covering to the organ.
fibrous coat is stripped off, the surface of
the kidney is found to be smooth and even,
and of a deep red colour.
In infants, fissures extending for some
depth may be seen on the surface of the
organ, a remnant of the lobular con-

The kidney is
of the gland.
dense in texture, but is easily lacerable by
mechanical force. In order to obtain a
struction

,

•,

from its
knowledge of the structure of the gland, a vertical section must be made
around
from
removed
fat
and
convex to its concave border, and the loose tissue
the
that
seen
then
will
be
It
(fig.
653).
the vessels and the excretory duct
all parts but one by the proper
at
surrounded
cavity,
central
kidney consists of a
is lined by a
This central cavity is called the smus, and
kidney-substance.

.
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prolongation of the fibrous coat of the kidney, which enters through a longitudinal fissure, the Mlum (before mentioned), which is situated at that part of the
Through this fissure the
cavity which is not surrounded by kidney-structure.
blood-vessels of the kidney and its excretory duct pass, and therefore these
The
structures, upon entering the kidney, are contained within the sinus.
excretory duct, or ureter, after entering, dilates into a wide, funnel-shaped sac,
named the pelvis. This divides into two or three tubular divisions, which subdivide into several short, truncated branches, named calices or mfundibula, all of
which are contained in the central cavity of the kidney. The blood-vessels of
the kidney, after passing through the hilum, are contained in the sinus or central
cavity, lying between its lining membrane and the excretory apparatus before
entering the kidney-substance.
This central cavity, as before mentioned, is surrounded on all sides, except at
the hilum, by the substance of the kidney, which is at once seen to consist of two
parts, viz. of an external, granular, investing part, w^hich is called the cortical
and of an internal part, the medullary portion, made up of a number of
jjortion
dark-coloured pyramidal masses, with their bases resting on the cortical part, and
their apices converging towards the centre, where they form prominent papillae,
which project into the interior of the calices.
The cortical substance is of a bright reddish-brown colour, soft, granular, and
;

found everywhere immediately beneath the capsvile, and is
seen to extend in an arched form over the base
of
each medullary pyramid.
The part
Fig. 654.
separating the sides of any two pyramids
through which the arteries and nerves enter,
Ny/->' r ^^c\
^^*^ *^® veins and lymphatics emerge from the
^^ "^f
^"^A^ '(^
^
kidney, is called a cortical column or column
It is

easily lacerable.

,

^

L
^

—^

'

of Bertini (a

a',

fig.

653)

;

whilst that portion

which stretches from one cortical column to
the next, and intervenes between the base of
the pp'amid and the capsule (which is marked
by the dotted line, extending from a to a' in
fig.

653), is called a cortical arch, the depth of
to half an inch.

which varies from a third

The medullary substance, as before said, is
seen to consist of pale red-coloured, striated,
conical masses, ih.e, pyramids of Malpighi the
number of which, varying from eight to
eighteen, correspond to the number of lobes of
which the organ in the foetal state is composed.
The base of each pyramid is surrounded by a
cortical
arch and directed towards the
circumference of the kidney
the sides are
contiguous with the cortical columns whilst
the apex, knowm as the pap)illa or mammilla
of the kidney, projects into one of the calices
of the ureter.
These two parts, cortical and medullary,
so dissimilar in appearance, are very similar
in structure, being made up of urinary tubes
and blood-vessels, united and bound together
by a connecting matrix or stroma.
;

;

;

A

A.

Malpighian bodies,

b

b.

Margin

of

me-

dullary structure, c c c. Loops of Henle.
D D. straight tubes cut off.
e. Commencing straight tubes, v. Termination of
straight tube.
I)

Minute Anatomy.

which the kidney

is for

the most part

of the kidney, and, after

— The tubuU uriniferi, of

made up, commence

in the cortical portion

pursuing a very circuitous course through the cortical
and medullary parts of the kidney, finally terminate at the apices of the
Malpighian pyramids by open mouths (fig. 654), so that the fluid which they
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emptied into the dilated extremity of the m-eter contained in the
sinus
If the surface of one of the papilla is examined with
a lens, it
will be seen to be studded over with a number of small depressions
from sixteen
to twenty in number, and in a fresh kidney, upon pressure being made,
fluid will
be seen to exude from these depressions. They are the orifices of the tubuli
uriniferi, which terminate in this situation.
They commence in the cortical
portion of the kidney as the MalingUan bodies, which are small rounded
masses,
varying in size, but of an average of about ^^^ of an inch in diameter. They
are
of a deep red colour, and are found only in the cortical portion of
the kidney.
Each of these httle bodies is composed of two parts a central glomerulus of
vessels, called a Maljnghian tuft
and a membranous envelope, the Malpighian
contain

is

of the kidney.

:

;

capsule, or capsule of Bowman,
of a uriniferous tubule.

The Malpighian

tuft,

which

latter is a small pouch-like

commencement

or vascular glomerulus,

is a network of convoluted
by scanty connective tissue and grouped
into from two to five lobules.
This capillary network is derived from a small
arterial twig, the afferent vessel, which pierces the wall of the capsule, generally
at a point opposite that at which the latter is connected with the tube
and the

capillary blood-vessels, held together

;

Fig. 655.

— Minute structure
of kidne5^

Fig. 656.

— Malpighian
body.

resulting vein, the efferent vessel, emerges from the capsule at the same point.
The afferent vessel is usually the larger of the two (fig. 655). The Malpighian,
or Bowman's capsule, which surrounds the glomerulus, is formed of a hyahne

membrane, supported by a small amount of connective tissue, which is continuous with the connective tissue of the tube.
It is lined on its inner
surface by a layer of squamous epithelial cells, which are reflected from the
lining membrane on to the glomerulus, at the point of entrance or exit of the
afferent and efferent vessels.
The whole surface of the glomerulus is covered
with a continuous layer of the same cells, on a delicate supporting membrane,
which with the cells dips in between the lobules of the glomerulus, closely
surrounding them (fig. 656). Thus between the glomerulus and the capsule a
space is left, forming a cavity lined by a continuous layer of cells, which varies
in size according to the state of secretion and the amount of fluid present in it.
The cells, as above stated, are squamous in the adult, but in the foetus and young
subject they are polyhedral or even columnar.
The tubuli uriniferi, commencing in the Malpighian bodies, in their course
present many changes in shape and direction, and are contained partly in the
medullary and partly in the cortical portions of the organ. At their junction with
the Malpighian capsule they present a somewhat constricted portion, which is
termed the neck. Beyond this the tube becomes convoluted, and pursues a
considerable course in the cortical structure, constituting the proximal convoluted
tube.
After a time the convolutions disappear, and the tube approaches the
meduUary portion of the kidney in a more or less spiral manner. This section of
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the tube has been called the sinral tube of Schachoiva. Throughout this portion
of their course the tubuli uriniferi have been contained entirely in the cortical
They now enter the
structure, and have presented a pretty uniform calibre.

medullary portion, suddenly become much smaller, qaite straight in direction,
and dip down for a variable depth into the pyramids, constituting the descending
limb of Henles loojJ. Bending on themselves, they form a kind of loop, the looj)
of Henle, and re-ascending, they become suddenly enlarged and again spiral in
direction, forming the ascending limb of Henle s loop, and re-enter the cortical
structure. This portion of the tube does not present a uniform calibre, but becomes
narrower as it ascends, and irregular in outline. As a narrow tube it enters the
cortex and ascends for a short distance, when it again becomes dilated, irregular,
and angular. This section is termed the irregular tubule it terminates in a
convoluted tube, which exactly resembles the proximal convoluted tubule, and is
This again terminates in a narrow curved
called the distal convoluted tubule.
tube, which enters the straight or collecting tube.
Each straight, otherwise called a collecting or receiving tube, commences by a
small orifice on the summit of one of the papillae, thus opening and discharging
Traced into the substance of
its contents into the interior of one of the calices.
the pyramid, these tubes are found to run from apex to base, dividing dichotomously
Thus dividing and
in their course and slightly diverging from each other.
subdividing, they reach the base of the pyramid, and enter the cortical structure
greatly increased in number. Upon entering the cortical portion they continue a
straight course for a variable distance, and are arranged in groups, called viedullary
;

rays, several of these groups corresponding to a single pyramid.

The tubes

in

the centre of the group are the longest, and reach almost to the surface of the
kidney, while the external ones are shorter, and advance only a short distance
into the cortex. In consequence of this arrangement the cortical portion presents

number of conical masses, the apices of which reach the periphery of the organ,
These are termed the
and the bases are applied to the medullary portion.
pyramids of Ferrein. As they run through the cortical portion, the straight tubes
receive on either side the curved extremity of the convoluted tubes, which, as
stated above, commence at the Malpighian bodies.
It will be seen from the above description that there is a continuous series of
tubes from their commencement in the Malpighian bodies, to their termination
at the orifices on the apices of the pyramids of Malpighi and that the urine, the
secretion of which commences in the capsule, finds its way through these tubes
into the calices of the kidney, and so into the ureter. Commencing at the capsule,
the tube first presents a narrow constricted portion (i) the neck.
2. It forms a
wide convoluted tube, the proximal convoluted tube. 3. It becomes spiral, the
a

;

spiral tubule of Schachoiva.
4. It enters the medullary structure as a narrow,
straight tube, the descending limb of Henles loop.
5. Forming a loop and

becoming

dilated,

it

ascends somewhat spirally and, gradually diminishing in

calibre, again enters the cortical structure, the ascending limb of
6.

It

now becomes

irregular

and angular

Henle

in outline, the irregular tubule.

s

loop.
7.

It

then becomes convoluted, the distal convoluted tubule. 8. Diminishing in size,
it forms a curve, the curved ttobule.
9. Finally it joins a straight tube, the straight
collecting tube, which is continued downwards through the medullary substance
to open at the apex of a pyramid.
The Tubuli Uriniferi their Structure. The tubuli uriniferi consist of basement membrane lined with epithelium. The epithelium varies considerably in
different sections of the uriniferous tubes.
In the neck the epithelium is continuous with that lining the Malpighian capsule, and like it consists of flattened
cells with an oval nucleus (fig. 657, a).
The cells are, however, very indistinct
and difficult to trace, and the tube has here the appearance of a simple basement
membrane unlined by epithelium. In the proximal convoluted tubule and the
spiral tubule of Schachowa the epithelium is polyhedral in shape, the sides of the
cells not being straight, but fitting into each other, and in some animals so fused
:

—
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together that it is impossible to make out the Hnes of junction. In the human
kidney the cells often present an angular projection of the surface next the basement membrane. These cells are made up of more or less rod-like fibres, which
rest by one extremity on the basement membrane, whilst the other projects towards
the lumen of the tube. This gives to the cells the appearance of distinct striation

(Heidenhain) (fig. 657, b). In the descending limb of Henle's loop the epithelium
resembles that found in the Malpighian capsule and the commencement of the
tube, consisting of flat transparent epithelial plates with an oval nucleus (figs.
In the ascending limb, on the other hand, the cells partake more
657, a; 658).
of the character of those described as existing in the proximal convoluted tubule,
being polyhedral in shape, and presenting the same appearance of striation. The
nucleus, however, is not situated in the centre of the cell, but near the lumen
Fig. 657.

— UriniferoTis tube.
CURVED
TUBULE

COLLECTINQ

DESCENDING LIMB"\
OF KENLE'S LOOP/

—

N.B. For the sake of clearness the epithelial cells have
been represented more highly magnified than the tubes
in which they ai-e contained.
(fig. 657, c).
After the ascending limb of Henle's loop becomes narrower upon
entering the cortical structure, the striation appears to be confined to the outer
part of the cell at all events it is much more distinct in this situation the
nucleus, which appears flattened and angular, being still situated near the lumen
(fig. 657, d).
In the irregular tubule, the cells undergo a still further change,
becoming very angular, and presenting thick bright rods or markings, which
render the striation much more distinct than in any other section of the urinary
;

;

In the distal convoluted tubule the epithelium_ appears to
657, h).
the
be somewhat similar to that which has been described as existing in
proximal convoluted tubule, but presents a pecuhar refractive appearance (fig.
the straight coUectmg
657, b). In the curved tubule, just before its entrance into
the cells, some being
of
shape
the
regards
as
greatly
tube, the epithehum varies
(fig.
angular with short processes, others spindle-shaped, others polyhedral

tubules

657, e).

(fig.
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in its
In the straight tubes the epithehum is more or less columnar
papillary portion the cells are distinctly columnar and transparent (figs. 659,
but as the tube approaches the cortex the cells are less uniform in shape
660)
some are polyhedral, and others angular with short processes (fig. 657, f and g).
:

;

;

—

The Renal Blood-vessels. The kidnej^ is plentifully supplied with blood by
the renal artery, a large offset of the abdominal aorta. Previously to entering
the kidney, each artery divides into four or five branches, which are distributed
At the hilum these branches lie between the renal vein and
to its substance.
Each vessel gives off some
in front, the ureter behind.
being
the
vein
ureter,
small branches to the suprarenal capsules, the ureter, and the surrounding
Frequently there is a second renal artery, which is
cellular tissue and muscles.
abdominal
aorta at a lower level, and supplies the lower
the
from
off
given

The branches of
It is termed the inferior renal artery.
portion of the kidney.
the renal artery, whilst in the sinus, give off a few twigs for the nutrition of the
surrounding tissues, and terminate in the arterm propria renales, which enter
the kidney proper in the columns of Bertini. Two of these pass to each pyramid
of Malpighi,

Fig. 658.*

and run along

its

sides

—Longitudmal section of

for its

entire length, giving off as they

Fig. 659.

a.

Membrana

b.

Epithelium.

propria.

— Longitudinal section of
sti-aight tube.

Henle's descending limb.

a.
6.

Cyliudrical or cubical epithelium.
propria.

Membrana

advance the afferent vessels of the Malpighian bodies in the columns. Having
arrived at the bases of the pyramids, they make a bend in their course, so as to
lie between the bases of the pyramids and the cortical arches, wiiere they break
up into two distinct sets of branches devoted to the supply of the remaining
portions of the kidney.
The yirs^ set, the interlobular arteries (figs. 661, 662, b), are given off at right
angles from the side of the arterige propriae renales looking towards the cortical
substance, and passing directly outwards between the pyramids of Eerrein they

reach the capsule, where they terminate in the capillary network of this part.
In their outward course they give off lateral branches these are the ajferent
vessels for the Malpighian bodies (see page 1063), and, having pierced the capsule,
end in the Malpighian tufts. From each tuft the corresponding renal efferent
arises, and, having made its egress from the capsule near to the point where the
afferent vessel entered, breaks up into a number of branches, which form a dense
venous plexus around the adjacent urinary tubes (fig. 661).
The second set of branches from the arteriae propriae renales are for the supply
of the medullary pyramids, which they enter at their bases
and, passing straight
;

;

From

the
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in that situation.

to their apices, terminate in the
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venous plexuses found

They

are called the arteriolce recta (figs. 661, 662, f).
The renal veins arise from three sources the veins beneath the capsule, the
plexuses around the tubuH contorti in the cortical arches, and the plexuses

—

Fig. 660.

—Transverse section of layramidal substance of kidney of

pig, the

blood-vessels of which are injected.

a.

Large collecting tube, cut across, lined with cylindrical epithelium, ft. Branch of collecting tube, cut across, lined with epitlielium with shorter cylinders, c and d. Henle's loops
cut across, e. Blood-vessels cut across. D. Connective-tissue ground-substance.

situated at the apices of the pyramids of Malpighi.
The veins beneath the
capsule are stellate in arrangement, and are derived from the capillary network
of the capsule, into which the terminal branches of the interlobular arteries
break up. These join to form the vencB, interlohulares, which pass inwards
Fig. 661.- -Diagrammatical sketch of
kidney.

Fig. 662.

—A portion of

a
A

fig.

661 enlarged.

(The references are the same.

A

the renal afferents, the latter receiving the renal efferents.
B 6. Interlobular artery and vein, the latter commencing from the stellate veins, and receiving branches from the
ofE
renal afferents. c. Straight tube, surrounded by tubuli
giving
plexus around the tubuli contorti, the former
substance, e e e.
contorti, with which it communicates, as more fully shown in fig. 654. D. Margin of medullary
latter arising from (G) the plexus at the medullary
the
rectal,
venas
Arteriolas et
Receiving tubes, cut off.
a.

Proper renal artery and vein, the former giving

p

off

/.

apex.

bettveen the pyramids of Eerrein, receive branches from the plexuses around the
tubuh contorti, and, having arrived at the bases of the Malpighian pyramids,
join with the venae lectse, next to be described (figs. 66i, 662, b).
The vena recta are branches from the plexuses at the apices of the medullary
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pyramids, formed by the terminations of the arteriolae rectae. They pass outwards in a straight com'-se between the tubes of the medullary structure, and
joining, as above stated, the venae interlobulares, form the proper renal veins
(figs.

661, 662,/).

These vessels, vena proprice, renales, accompany the arteries
name, running along the entire length of the sides of the pyramids

—

Fig. 663.
Diagrammatic representation of the blood-vessels in the substance of the cortex of the kidney.
t

of
;

the

same

and, having

received in their course the efferent vessels
from the Malpighian bodies in the cortical
structure adjacent, quit the kidney substance to enter the sinus.
In this cavity
they inosculate with the corresponding
veins from the outer pyramids to form the

which emerges from the kidney
hilum and opens into the inferior
vena cava the left being longer than the
right, from having to cross in front of the
abdominal aorta.
Nerves of the Kidney. The nerves of
the kidney, although small, are about fifteen
in number.
They have small ganglia developed upon them, and are derived from
the renal plexus, which is formed by
branches from the solar plexus, the lower
and outer part of the semilunar ganglion
and aortic plexus, and from the lesser and
smallest splanchnic nerves.
They communicate with the spermatic plexus, a
circumstance which may explain the occurrenal vein,
at the

;

—

m. Eegion of the medullarj' ray.
tortuous portion of the tubules,
terlobularis.
afferens.
gl.

vi.

Vena

6.

PLegion of the
ai.

Arteria in-

iuterlobularis.

Glomerulus,

ve.

Vas

Venous twig of the iuterlobularis.
Ludwig, in Strieker's 'Handbook.')

vs.

va. Vas
efferens.

— (From

rence of pain in the testicle in affections of
they have been traced, they seem to accompany the renal
artery and its branches, but their exact mode of termination is not known.
The lymphatics consist of a superficial and deep set which terminate in the

the kidney.

So

far as

lumbar glands.
Connective tissue, or inter tubular stroma.

amount

— Although

the tubules

and vessels

of connective tissue,

continuous with
the capsule, binds them firmly together. This tissue was first described by
Ludwig and Zawarykin have observed
Goodsir, and subsequently by Bowman.
distinct fibres passing around the Malpighian bodies
and Henle has seen them
between the straight tubes composing the medullary structure.
are closely packed, a certain small

;

—

Surface Form. -The kidneys, being situated at the back part of the abdominal cavity
and deeply placed, cannot be felt maless enlarged or misplaced. They are situated on
the confines of the epigastric and umbilical regions internally, with the hypochondriac and
lumbar regions externally. The left is somewhat higher than the right. According to
Morris, the position of the kidney may be thus defined: Anteriorly.
i. A horizontal
through the umbilicus is below the lower edge of each kidney. 2. A vertical line
carried upwards to the costal arch from the middle of Pou]3art's ligament has one third of
the kidney to its outer side, and two thirds to its inner side, i.e. between this line and the
median line of the body.' In adopting these lines it must be borne in mind that the axes
of the kidneys are not vertical, but oblique, and if continued upwards would meet about
the ninth dorsal vertebra. Posteriorly. The upper end of the left kidney would be defined
by a line drawn horizontally outwards from the spinous process of the eleventh dorsal
vertebra, and its lower end by a point two inches above the iliac crest.
The right kidney
would be half to three-quarters of an inch lower. Morris lays down the following rules
for indicating the position of the kidney on the posterior surface of the body
i. A line
parallel with, and one inch from, the spine between the lower edge of the tip of the spinous
process of the eleventh dorsal vertebra, and the lower edge of the spinoiis process of the
third lumbar vertebra.
2. A line from the top of this first line outwards at right angles to
it for
2f inches. 3. A line from the lower end of the first transversely outwards for 2| inches.
4. A line parallel to the first, and connecting the outer extremities of the second and third
'

line

:

lines just described.'

'
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two inches from the middle
lumbar vertebra.

line of the

back

at the

Surgical Anatojmj.— The kidney is embedded in a large quantity of loose fatty tissue,
and IS only partially covered by peritoneum hence rupture of this organ is not nearly so
serious an accident as rupture of the liver or spleen, smce the extravasation of blood
;

and m-ine which follows is outside the peritoneal cavity. Occasionally the kidney may
be bruised by blows in the loin, or by being compressed between the lower ribs and the
ilium when the body is violently bent forwards. This is followed by a little transient
haematuna, which, however, speedily passes off. Occasionally, when ruptm-e involves the
pelvis of the kidney or the commencement of the ureter, this duct may become blocked,
and hydro-nephrosis follow.
The loose cellular tissue around the kidney may be the seat of suppuration, constituting
perinej^hritic abscess.
This may be due to injury, to disease of the kidney itself, or to
extension of inflammation from neighbouring parts. The abscess mav burst into the pleura,
constituting empyema into the colon or bladder or may point externally in the groin
Tumours of the kidney, of which perhaps sarcoma, in children, is the most
or loin.
common, may be recognised by their position and fixity by the resonant colon lying in
by their not moving with respiration and by their rounded outline not
front of it
presenting a notched anterior margin like the spleen, with which they are most likely to
be confounded. The examination of the kidney should be bimanual that is to say, one
hand should be placed in the flank and firm pressure made forwards, while the other hand
is buried in the abdominal wall, over the situation of the organ.
Manipulation of the
kidney frequently produces a peculiar sickening sensation, with sometimes faintness.
The kidney is_ mainly held in position by the mass of fatty matter in which it is
embedded. If this fatty matter is loose or lax or is absorbed!^ the kidney may become
movable and may give rise to great pain. This condition occurs, therefore,"in badly
nourished people, or in those who have become emaciated fi'om any cause, and is more
common in women than in men. It must not be confounded with the floating hidney
this is a congenital condition due to the development of a meso-nephron, which permits
the organ to move more or less freely. The two conditions cannot, however, be distinguished until the abdomen is opened or the kidney explored from the loin.
The kidney has, of late 3-ears, been frequentlj^ the seat of surgical interference. It
may be exposed for exploration or the evacuation of pus (nephrotomy) it may be incised
for the removal of stone (nephro-lithotomy)
it may be sutured when movable or floating
(nephroraphy)
or it may be removed (nephrectomy).
The kidiiey may be ex]30sed either by a lumbar or abdominal incision. The lumbar
operation is the one which is generally adopted, unless in cases of very large tumours, or
of wandering kidneys, with a loose meso-nephron, on account of the advantages which it
possesses of not opening the peritoneum, and affording admirable dramage. It may
be performed either by an oblique, a vertical, or a transverse incision. Perhaps the
preferable, as affording the best means for exploring the whole surface of the kidney, is an
incision from the tip of the last rib, backwards to the edge of the Erector sj)in£e.
This
mcision must not be quite parallel to the rib, but its posterior end must be at least threequarters of an inch below it, lest the pleura be wounded. This cut is quite sufficient for
an exploration of the organ. Should it require removal, a vertical incision can be made
downwards to the crest of the ilium, along the outer border of the Quadratus lumbormn.
The structures divided are, the skin, the superficial fascia with the cutaneous nerves, the
deep fascia, the posterior border of the External oblique muscle of the abdomen, and the
outer border of the Latissimus dorsi the Internal oblique and the posterior aponeurosis of
the Transversalis muscle the outer border of the Quadratus lumborum, and the deep layer
of the lumbar fascia, and the transversalis fascia.
The fatty tissue around the kidney is
now exposed to view and must be separated by the fingers, or a director, in order to reach
the kidney.
The alsdominal operation is best performed by an incision in the linea semilunaris on
the side of the kidiiey to be removed, as recommended by Langenbuch. The incision is
made of varying length according to the size of the kidney its mid-point should be on a
level with the umbilicus.
The abdominal cavity is opened. The intestines are then held
aside, and the outer layer of the meso-colon opened, so that the fingers can be introduced
behind the peritoneum and the renal vessels sought for. These are then to be ligatured if
The kidney must now be
tied separately', care must be taken to ligature the artery first.
enucleated, and the vessels and ureter divided, and the latter tied, or if thought necessary
stitched to the edge of the wound.
;

;

;

;

;

;

:

;

;

;

;

;

;

:

The Ueetbes

^

The Ureters are the two tubes which conduct the urine from the kidneys into
the bladder. They commence within the sinus of the kidney, by a number of
short truncated branches, the ccdices or infundibula, which unite, either directly
or indirectly, to form a dilated pouch, the pelvis, from which the ureter, after
passing through the hilum of the kidney, descends to the bladder. The ccdices
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are cup-like tubes encircling the apices of the Malpighian pyramids

but inasmuch
include two or even more papillge, their number is generally
less than the pyramids themselves, the former being from seven to thirteen,
These calices converge into two
whilst the latter vary from eight to eighteen.
or three tubular divisions, which by their junction form the i^elvis, or dilated
The portion last mentioned, where the pelvis merges into
portion of the ureter.
the ureter proper, is found opposite the spinous process of the first lumbar
vertebra, in which situation it is accessible behind the peritoneum (see fig. 6io,
as one calyx

;

may

page 985).
is a cylindrical, membranous tube, about sixteen inches in
diameter of a goose-quill, extending from the pelvis of the
kidney to the bladder. Its course is obliquely downwards and inwards through
the lumbar region into the cavity of the pelvis, where it passes downwards,
forwards, and inwards across that cavity to the base of the bladder, into which it
then opens by a constricted orifice, after having passed obliquely for nearly an
inch between its muscular and mucous coats.
In its course it rests upon the Psoas muscle, being covered by
Relations.
the peritoneum, and crossed obliquely, from within outwards, by the spermatic

The

length,

ureter proper

and

of the

—

the right ureter lying close to the outer side of the inferior vena cava.
first piece of the sacrum it crosses either the common or external
artery, lying behind the ileum on the right side and the sigmoid flexure of

vessels

;

Opposite the
iliac

the colon on the

left.

In the pelvis

it

enters the posterior false ligament of the

bladder, below the obliterated hypogastric artery, the vas deferens in the male

and the bladder. In the female the ureter passes along the
and upper part of the vagina. At the base of the
situated about two inches from its fellow lying, in the male, about

passing between
sides

and cervix

it

of the uterus

bladder it is
an inch and a half behind the orifice of the urethra, at the posterior angle of
the trigone.
Structure.
The ureter is composed of three coats a fibrous, muscular, and
:

—

—

mucous.

The fibrous coat is the same throughout the entire length of the duct, being
continuous at one end with the capsule of the kidney at the floor of the sinus
whilst at the other it is lost in the fibrous structure of the bladder.
In the pelvis of the kidney the muscular coat consists of two layers, longitudinal and circular the longitudinal fibres become lost upon the sides of the
the circular fibres may be traced
papillae at the extremities of the calices
surrounding the medullary structure in the same situation. In the ureter proper
the muscular fibres are very distinct, and are arranged in three layers an
external longitudinal, a middle circular, and an internal layer, less distinct than
the other two, but having a general longitudinal direction. According to Kolliker,
this internal layer is only found in the neighbourhood of the bladder.
The mucous coat is smooth, and presents a few longitudinal folds which
become effaced by distension. It is continuous with the mucous membrane of
the bladder below, whilst it is prolonged over the papillae of the kidney above.
Its epithelium is of a peculiar character, and resembles that found in the bladder.
It is known by the name of 'transitional' epithelium (see fig. 13, page 15).
It
consists of several layers of cells, of which the innermost
that is to say, the
cells in contact with the urine
are quadrilateral in shape, with a concave margin
on their outer surface, into which fits the rounded end of the cells of the second
These, the intermediate cells, more or less resemble columnar epithelium,
layer.
and are pear-shaped, with a rounded internal extremity which fits into the concavity of the cells of the first layer, and a narrow external extremity which is
wedged in between the cells of the third layer. The external or third layer
consists of conical or oval cells varying in number in different parts, and presenting processes which extend down into the basement membrane.
The arteries supplying the ureter are branches from the renal, spermatic,
;

;

;

—

—

internal

iliac,

and

inferior vesical.

—

;

SUPEAEENAL CAPSULES
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nerves are derived from the inferior mesenteric, spermatic, and pelvic

plexuses.

Suprarenal Capsules

The Suprarenal Capsules were formerly classified together with the spleen,
thymus, and thyroid, under the head of ductless glands,' as they have no
excretory duct. They are two small flattened globular bodies, of a yellowish
colour, situated at the back part of the abdomen, behind the peritoneum, and
immediately in front of the upper part
Fig. 665.
Minute structure of
hence their name. The
of each kidney
suprarenal capsule.
right one is somewhat triangular in shape,
bearing a resemblance to a cocked hat
the left is more semilunar, and usually
larger and higher than the right.
They
vary in size in different individuals, being
'

—

;

—

Fig. 664. ^Vertical section of the suprarenal
capsule.
(From Elberth, in Strieker's
Manual.')

Ll

Connective
tissue

'
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—

Fig. 666.
Minute structure of
suprarenal capsule.

Frameworh

p^'i^^^ Zona

reticularis

CapiUary
%®^y^m^%Medidla

sometimes so small as to be scarcely detected their usual size is from an inch
and a quarter to nearly two inches in length, rather less in width, and from two
Their average weight is about a drachm each.
to three lines in thickness.
The relations of the suprarenal capsules differ on the two sides
Relations.
The right suprarenal is roughly triangular in shape, its angles
of the body.
It presents two surfaces for
pointing upwards, downwards, and outwards.
examination, an anterior and posterior. The anterior surface presents two areas,
separated by a furrow one area, occupying about one third of the whole surface,
it is depressed, uncovered by peritoneum, and
is situated above and internally
surface of the right lobe of the liver, and
under
the
with
front
in
is in contact
:

—

:

;

;
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along its inner border with the inferior vena cava (Eolleston)
the remaining
area is elevated, and is divided into a non-peritoneal portion, in contact with
the hepatic flexure of the duodenum, and a portion covered by the peritoneum
forming the hepato-renal fold. The loosterior surface, in like manner, is divided
into two areas separated by a ridge, which corresponds to the depression on the
anterior surface, and which fits into the groove between the kidney and the
right eras of the Diaphragm
of these areas, the inner one rests on the right
c'rus of the Diaphragm, and the outer on the upper, inner, and anterior part
The left suprarenal is crescentic in shape, and presents
of the right kidney.
an inner border which is convex, and an outer which is concave its upper
border is pointed, and its lower rounded. Its anterior surface presents two
areas an upper one, covered by the peritoneum forming the lesser sac, which
separates it from the cardiac end of the stomach and to a small extent from the
superior extremity of the spleen and a lower one, which is in contact with the
pancreas and splenic artery, and is therefore not in contact with the peritoneum.
Its posterior surface presents a vertical ridge, which divides it into two areas.
The ridge lies in the sulcus between the kidney and crus of the Diaphragm,
whilst the area on either side of it lies on these parts respectively
the outer
area, which is thin, resting on the kidney, and the inner and smaller area resting
on the left crus of the Diaphragm. The surface of the suprarenal gland is
surrounded by areolar tissue containing much fat, and closely invested by a thin
fibrous coat, which is difficult to remove, on account of the numerous fibrous
processes and vessels which enter the organ through the furrows on its anterior
;

'

;

;

:

;

;

surface and base.

Small accessory suprarenals are often to be found in the connective tissue
around the suprarenals. The smaller of these, on section, show a uniform
surface, but in some of the larger a distinct medulla can be made out.

—

Structure.
On making a perpendicular section, the gland is seen to consist
two substances external or cortical, and internal or medullary. The former,
which constit^ites the chief part of the organ, is of a deep yellow colour. The
medullary substance is soft, pulpy, and of a dark brown or black colour, whence
the name atrahiliary capsules formerly given to these organs. In the centre is
often seen a space, not natural, but formed by the breaking down after death of
of

—

the medullary substance.

The cortical portion consists chiefly of narrow columnar masses, placed
perpendicularly to the surface. This arrangement is due to the disposition of
the capsule, which sends into the interior of the gland processes, passing in
vertically and communicating with each other by transverse bands, so as to form
spaces which open into each other. These spaces are of slight depth near the
surface of the organ, so that there the section somewhat resembles a net this
but they become much deeper or longer further
is termed the zona glomerulosa
in, so as to resemble pipes or tubes placed endwise, the zona fasciculata.
Still
deeper down, near the medullary part, the spaces become again of small extent
this is named the zona reticularis.
These processes, or trabeculae, derived from
the capsule and forming the framework of the spaces, are composed of fibrous
connective tissue, with longitudinal bundles of unstriped muscular fibres. Within
the interior of the spaces are contained groups of polyhedral cells, which are
finely granular in appearance, and contain a spherical nucleus, and not unfrequently fat molecules. These groups of cells do not entirely fill the spaces in
which they are contained, but between them and the trabecule of the framework
is a channel, which is believed to be a lymph path or sinus, and which communicates with certain passages between the cells composing the group. The
lymph path is svipposed to open into a plexus of efferent lymphatic vessels which
are contained in the capsule.
In the medullary portion, the fibrous stroma seems to be collected together
into a much closer arrangement, and forms bundles of connective tissue which
are loosely applied to the large plexus of veins of which this part of the organ
;

;

*
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mainly consists. In the interstices lie a number of cells compared by Frey to
those of columnar epithelium. They are coarsely granular, do not contain any
fat molecules, and some of them are branched.
Luschka has affirmed that these
branches are connected with the nerve-fibres of a very intricate plexus which is
found in the medulla this statement has not been verified by other observers,
for the tissue of the medullary substance is less easy to make out than that of
the cortical, owing to its rapid decomposition.
The numerous arteries which enter the suprarenal bodies, from the sources
mentioned below, penetrate the cortical part of the gland, where they break up
into capillaries in the fibrous septa, and these converge to the very numerous
veins of the medullary portion, which are collected together into the suprarenal
vein, which usually emerges as a single vessel from the centre of the gland.
The arteries supplying the suprarenal capsules are numerous and of large
they are derived from the aorta, the phrenic, and the renal they subdivide
size
into numerous minute branches previous to entering the substance of the gland.
The suprarenal vein returns the blood from the medullary venous plexus, and
receives several branches from the cortical substance it opens on the right side
into the inferior vena cava, on the left side into the renal vein.
The lymphatics terminate in the lumbar glands.
The nerves are exceedingly numerous they are found chiefly, if not entirely,
in the medulla, and are derived from the solar and renal plexuses, and, according
They have numerous
to Bergmann, from the phrenic and pneumogastric nerves.
small ganglia developed upon them, from which circumstance the organ has been
conjectured to have some function in connection with the sympathetic nervous
:

;

;

;

:

system.

THE PELVIS
The cavity

of the pelvis

that part of the general abdominal cavity which

is

is

and the promontory of the sacrum.
Boundaries. It is bounded, behind, by the sacrum, the coccyx, the Pyriformis muscle, and the great sacro-sciatic ligaments in front and at the sides,
above, it
by the ossa pubis and ischia, covered by the Obturator muscles
communicates with the cavity of the abdomen and below, the outlet is closed
by the triangular ligament, the Levatores ani and Coccygei muscles, and the
visceral layer of the pelvic fascia, which is reflected from the wall of the pelvis
on to the viscera.
The viscera contained in this cavity are the urinary bladder, the
Contents.
rectum, some of the generative organs pecuhar to each sex, and some convothey are partially covered by the peritoneum, and
lutions of the small intestines
supplied with blood-vessels, lymphatics and nerves.
below the

level of the linea ilio-pectinea

—

;

;

;

—

:

The Bladder
It is a musculo-membranous sac,
and in front of the rectum in the male
the cervix uteri and vagina intervening between it and that intestine in the female.
The shape, position, and relations of the bladder are greatly influenced by age,
During infancy it is conical in
sex, and the degree of distension of the organ.
shape, and projects above the upper border of the ossa pubis into the hypogastric
In the adult, when quite empty and contracted, it is cup-shaped and on
region.
vertical median section its cavity, with the adjacent portion of the urethra,
presents a Y-shaped cleft, the stem of the Y corresponding to the urethra. It is
placed deeply in the pelvis, flattened from before backwards, and reaches as high
When shghtly distended, it has a
as the upper border of the symphysis pubis.
rounded form, and is still contained within the pelvic cavity and when greatly
distended it is ovoid in shape, rising into the abdominal cavity, and often ex-

The bladder

is

the reservoir for the urine.

situated in the pelvis, behind the pubes,

;

;

tending neariy as high as the umbihcus.

It is larger in its vertical

diameter than
3

2
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from side to side, and its long axis is directed from above obliquely downwards
and backwards, in a line directed from some point between the sym^Dhysis pubis
and umbilicus (according to its distension) to the end of the coccyx. The bladder,
when distended, is slightly curved forwards towards the anterior wall of the
abdomen, so as to be more convex behind than in front. In the female it is
larger in the transverse than in the vertical diameter, and its capacity is said to
be greater than in the male.* When moderately distended, it measures about
five inches in length, and three inches across, and the ordinary amount which it
contains is about a pint.
The bladder is divided for purposes of description into a superior, an anteroinferior, a posterior and two lateral surfaces.
The superior or abdominal surfacs is entirely free, and is covered throughout
by peritoneum. It looks almost directly upwards into the abdominal cavity and

Fig. 667.

EjaculaJ^f^ dUuti

—Vertical section of bladder, penis, and urethra.

/^ Pl

Py&pux^Z.-

is

and sometimes with the sigmoid flexure,
its summit is attached the ^traclms.
the obliterated remains of a tubular canal which exists in the

in relation with the small intestine

and

in the female, with the uterus.

To

The urachus is
embryo, and connects the cavity of the bladder with a membranous sac placed
external to the abdomen, opposite the umbilicus, called the allantois.
It passes
upwards, from the apex of the bladder betAveen the transversalis fascia and peritoneum, to the umbilicus, becoming thinner as it ascends. It is composed of
fibrous tissue, mixed with plain muscular fibres.
On each side of it is placed a
fibrous cord, the obliterated portion of the hypogastric artery, which, passing
*

male.

According to Henle, the bladder

is

considerably smaller in the female than in the
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upwards from the side
In the infant, at birth,
at the umbilicus,

and
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approaches the urachus above its summit.
occasionally found pervious, so that the urine escapes

of the bladder,
it is

calculi

have been found

The antero-inferior or pubic
looks downwards and forwards

in its canal.

uncovered by peritoneum, and
symphysis pubis, to which it is connected
by loose cellular tissue. It is also in relation with the anterior part of the
Levatores ani and Obturatores interni, and, when distended, with the anterior wall
It is covered by recto-vesical fascia, and at its lower part is
of the abdomen.
attached by two strong bands of this fascia, the anterior true ligaments, to the
back of the pubic bones.
The posterior or rectal surface is partly covered by peritoneum and partly
uncovered. The upper portion to within about an inch and a half of the prostate
Fig. 668.

surface

entirely

is

to the

— Frontal section of the lower part
the front.

of the

External

Levator ani

Corpora
cavernosa

External oblique

mm u iVm

M^£^im '%w;~
vessels

Viewed from

Anterior crural
nerve

tliac

artery

Profunda

abdomen.

(Braiine.)

Urethra

male is covered by the recto-vesical pouch of peritoneum in the female to
The lower part is in direct contact
a similar extent by the utero-vesical pouch.
with the anterior wall of the rectum and the vesiculae seminales and vasa

in the

;

deferentia in the male.

The portion of the bladder in relation with the rectum corresponds to a
triangular space bounded, in front, by the prostate gland behind, by the rectoand "on each side, by the vesicula seminahs and
vesical fold of the peritoneum
vas deferens. It is separated from direct contact with the rectum by the rectoWhen the bladder is very full, the peritoneal fold is raised with
vesical fascia.
;

;

it,

and the distance between

this distance is

its reflection

much diminished when

and the anus is about four inches but
is empty and contracted.
In
;

the bladder

3 z 2
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the female, the base of the bladder hes in contact with the lower part of the
cervix uteri, is adherent to the anterior wall of the vagina, and separated from
the upper part of the anterior surface of the cervix uteri by a fold of the

peritoneum.

The lateral surfaces are covered behind and above by peritoneum, which extends as low as the level of the obliterated hypogastric artery below and in front
of this, these surfaces are uncovered by peritoneum, and are separated from the
Levatores ani muscles and walls of the pelvis by a quantity of loose areolar tissue
containing fat. In front this surface is connected to the recto-vesical fascia by a
broad expansion on either side, the lateral true ligaments. Separating these
ligaments and the anterior true ligaments from the peritoneum is a space containing a considerable amount of loose cellular tissue. It is known as the cavum
;

Fig. 669.

—Vertical

median section

of the

male

pelvis.

(Henle.)

Feritoneum

Vesic ula se mina lis

Dorsal vein of penis'

Septum pectiniforme

P? osteite gland
Spihincter ani

Prostatic sinus

The vas deferens

crosses the hinder part of the lateral surface obliquely,
crossed by the ureter, which enters the bladder at the junction of
the posterior and lateral surfaces, about two inches above the prostate.
The, so-called, iieck (cervix) of the bladder is the point of commencement of
the urethra there is, however, no tapering part, which would constitute a true
neck, but the bladder suddenly contracts to the opening of the urethra. In the
male its direction is oblique in the erect posture, and it is surrounded by the

Betzii.

and

is itself

;

prostate gland.

forwards.
Ligaments.
into true

and

In

the

female

—The bladder

false.

The

is

its

direction

retained in

its

is

obliquely

downwards and

place by ligaments, which are divided

true ligaments are five in

number

:

two

anterior,

two
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lateral,

The

false ligaments, also five in
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number, are formed by

folds of the peritoneum.

The anterior ligaments (jmbo-jjrostatic) extend from the back of the ossa pubis,
one on each side of the symphysis, to the front of the neck of the bladder, over the
upper sm^face of the prostate gland. These ligaments are formed by the rectovesical fascia, and contain a few muscular fibres prolonged from the bladder.
The lateral ligaments, also formed by the recto-vesical fascia, are broader and
thinner than the preceding. They are attached to the lateral parts of the prostate,
and to the sides of the base of the bladder.
The urachus is the fibro-muscular cord abeady mentioned, extending between
the summit of the bladder and the umbilicus. It is broad below, at its attachment
to the bladder, and becomes narrower as it ascends.
The false ligaments of the bladder are two posterior, two lateral, and one
superior.

The tivo posterior pass forwards, in the male, from the sides of the rectum in
the female, from the sides of the uterus, to the posterior and lateral aspect of the
they form the lateral boundaries of the recto-vesical fold of the
bladder
;

:

Fig. 670.

— Superficial

l&jer of the

epi-

thelium of the bladder. Composed of
polyhedral cells of various sizes, each
with one, two, or three nuclei. (Klein
and Noble Smith.)

—

671.
Deep layers of epithehum
of bladder, showing large club-shaped
cells above, and smaller, more spindle-

Fig.

shaped

—

below each with an oval
(Klein and Noble Smith.)

cells

nucleus.

peritoneum, and contain the obliterated hypogastric arteries, and the ureters,
together with vessels and nerves.
The tivo lateral ligaments are reflections of the peritoneum, from the ihac
fossae to the sides of the bladder.

superior ligament {ligamentum suspensorium) is the prominent fold of
peritoneum extending from the summit of the bladder to the umbilicus. It
covers the urachus and the obhterated hypogastric arteries.
Structure.— The bladder is composed of four coats— serous, muscular, sub-

The

mucous, and mucous.

The

is partial, and derived from the peritoneum.
and the upper part of the posterior and lateral
from them on to the abdominal and pelvic walls.

serous coat

superior sm^face
reflected

It invests the

surfaces,

and

is

The muscular coat consists of three layers of unstriped muscular fibre an
external layer, composed of fibres having for the most part a longitudinal
arrangement a middle layer, in which the fibres are arranged, more or less, in
:

;

a circular

manner

;

and an internal

layer, in

which the

fibres

have a general

longitudinal arrangement.

The fibres of
of the

body

the external longitudinal layer arise from the posterior surface
both sexes {musculi pubo-vesicalis), and in the male

of the os pubis in

They pass, in a
of the prostate gland and its capsule.
or less longitudinal manner, up the anterior surface of the bladder, over its
apex, and then descend along its posterior surface to its base, where they become
attached to the prostate in the male, and to the front of the vagina in the female.

from the adjacent part

more
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At the sides

of the bladder the fibres are arranged obhquely and intersect one
This layer has been named the detrusor urince muscle.
The fibres of the middle circular layer are very thinly and irregularly scattered
on the body of the organ, and though to some extent placed transversely to the
long axis of the bladder, are for the most part arranged obliquely. Tov^ards the
lower part of the bladder, round the cervix and commencement of the urethra,
they are disposed in a thick circular layer, forming the sphincter vesica, which is
continuous with the muscular fibres of

another.

—

Fig. 672.
The bladder and urethra laid
open.
Seen frona above.

the prostate gland.

The
and its

internal longitudinal layer

is thin,

have a reticular arrangement, but with a tendency to assume for
the most part a longitudinal direction.
Two bands of oblique fibres, originating behind the orifices of the ureters,
converge to the back part of the prostate
gland, and are inserted, by means of a
fibrous process, into the middle lobe of
fasciculi

They are the muscles of the
described by Sir C. Bell, who
supposed that during the contraction of
the bladder they serve to retain the
oblique direction of the ureters, and so
prevent the reflux of the urine into them.
that organ.

ureters,

The submucous
Co-wjJer's

layer of

gland

coat

consists

of

a

areolar tissue, connecting to-

gether the muscular and mucous coats,
and intimately united to the latter.

The mucous
Orifices of ducts of
Coivper's cjlands

coat is thin, smooth, an-d

of a pale rose colour.

through

the

membrane

ureters

It is

with

continuous
the

lining

and
below with that of the urethra. It is
connected loosely to the muscular coat
by a layer of areolar tissue, excepting
at the trigone, where its adhesion is

more
is

of

of the uriniferous tubes,

The epithelium covering

close.

it

of the transitional variety, consisting

a

superficial

layer

of

polyhedral,

flattened cells, each with one, two, or

beneath these, a stratum
club-shaped cells, with the narrow extremity directed downwards and
three nuclei

;

of large

Meatus

wedged

in

shaped

cells,

(figs.

Objects seen on the inner surface.

between

smaller spindlecontaining an oval nucleus

602, 603).

— Upon the inner

surface of the bladder are

seen the orifices of the ureters, the trigone, and the

commencement

of

the

urethra.

—

The orifi.ces of the iireters. These are situated at the base of the trigone,
being distant from each other about two inches they are about an inch and
a half from the base of the prostate and the commencement of the urethra.
The trigonum vesiccB, or trigone vesical, is a triangular smooth surface with
the apex directed forwards, situated at the base of the bladder immediately
behind the urethral orifice. It is paler in colour than the rest of the mucous
membrane, and never presents any rugae, even in the collapsed condition of the
organ, owing to its intimate adhesion to the subjacent tissue.
It is bounded at
;
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each posterior angle by the orifices of the ureters, which are placed nearly two
inches from each other, and about an inch and a half behind the orifice of the
urethra, which forms the anterior angle of the trigone.
Projecting from the
lower and anterior part of the bladder, and reaching to the orifice of the urethra,
is a shght elevation of mucous membrane, called the tcvula vesica.
It is formed
by a thickening of the submucous tissue.
The arteries supplying the bladder are the superior, middle, and inferior
vesical in the male, with additional branches from the uterine and vaginal in
the female.
They are all derived from the anterior trunk of the internal iliac.
The obturator and sciatic arteries also supply small visceral branches to the
bladder.

The

form a comphcated plexus round the neck, sides, and base of the
and terminate in the internal iliac vein.
The lymphatics accompany the blood-vessels, passing through the glands
veins

bladder,

surrounding them.

The nerves are derived from the pelvic plexus of the sympathetic and from
the third and the fourth sacral nerves the former supplying the upper part of
the organ, the latter its base and neck. According to' F. Darwin the sympathetic
fibres have ganglia connected with them, which send branches to the vessels
;

and muscular

coat.

—

Surface Form. The surface form of the bladder varies with its degree of distension
and under other circumstances. In the young child it is represented by a conical figure,
the apex of which, even when the viscus is euapty, is situated in the hypogastric region,
about an inch above the level of the symphysis pubis. In the adult, when the bladder is
empty, its apex does not reach above the level of the upper border of the symphysis pubis,
and the whole organ is situated in the pelvis the neck, in the male, corresponding to a
line drawn horizontally backwards, through the symphysis a little below its middle.
As
the bladder becomes distended it gradually rises out of the pelvis into the abdomen and
forms a swelling in the hypogastric region, which is perceptible to the hand, as well as to
percussion.
In extreme distension it reaches into the umbilical region. Under these circumstances it is closely applied to the abdominal wall, without the intervention of
peritoneum, so that it can be tapped by an opening in the middle line just above the
symphysis pubis, without any fear of wounding the serous membrane. When the rectum is
distended, the prostatic portion of the urethra is elongated and the bladder lifted out of
the pelvis and the peritoneum pushed upwards. Advantage is taken of this in performing
the operation of supraiJubic cj'stotomy.
The rectum is distended by an indiarubber bag,
which is introduced into this cavity empty, and then filled with ten or twelve omioes
of water.
If now the bladder is injected with about half a pint of some antiseptic fluid,
The peritoneum
it will appear above the pubes plainly perceptible to the sight and touch.
will be pushed out of the way, and an incision three inches long may be made in the
linea alba from the symphysis pubis upwards without any great risk of wounding the
;

peritoneum.
When distended the bladder can be felt in the male, from the rectum, behind the prostate,
and fluctuation can be perceived by a bimanual examination, one finger being introduced
into the rectum and the distended bladder tapped on the fi-ont of the abdomen with the
finger of the other hand.
This portion of the bladder, that is, the portion felt in the rectum
by the finger, is also micovered by peritoneum, and the bladder may here be punctured
from the rectum, in the middle line, without risk of wounding the serous membrane.
Surgical Anatomij.—A defect of development, in which the bladder is implicated, is
known under the name of extroversion of the bladder. In this condition the lower part
of the abdominal wall and the anterior wall of the bladder are wanting, so that the
posterior surface of the bladder presents on the abdominal surface, and is pushed forwards
by the pressure of the viscera within the abdomen, forming a red vascular tumour, on
which the openings of the ureters are visible. The penis, except the glans,_is rudimentary

dorsal surface, exposing the floor of the urethra, a condition known as
pelvic bones are also arrested in development (see page 271).
The bladder may be ruptured by violence applied to the abdominal wall, when the viscus
is distended, without any injury to the bony pelvis, or- it may be torn in cases of fracture
of the pelvis.
The rupture may be either intraperitoneal or extraperitoneal, that is, may
impHcate the superior surface of the bladder in the former case, or one of the other surfaces

and

is cleft

episjmdias.

on

its

The

in the latter.
Rupture of the antero -inferior surface alone
recently intraperitoneal rupture was uniformly fatal, but now

Until
is, however, very rare.
abdominal section and suturing

the rent with Lembert's suture is resorted to, with a very considerable amount of success.
such a way as
The sutures are inserted onlv through the peritoneal and muscular coats
to bring the serous surfaces at the margins of the wound into apposition, and one is

m
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The bladder should be tested as to whether
inserted just beyond each end of the wound.
it is water-tight before closing the external wound.
The muscular coat of the bladder undergoes hypertrophy in cases in which there is any
obstruction to the flow of urine. Under these circumstances the bundles of which the
all directions,
muscular coat consists become much increased in size, and, interlacing
Between these bundles of
give rise to what is known as the fasciculated bladder.
muscular fibres the mucous membrane may bulge out, forming sacculi, constituting the
sacculated bladder, and in these little pouches phosphatic concretions may collect, forming
encysted calculi. The mucous membrane is very loose and lax, except over the trigone, to
allow of the distension of the viscus.
Various forms of tvimour have been found springing from the wall of the bladder. The
innocent tumours are the papilloma and the mucous polypus arising from the mucous
membrane the fibrous, from the submucous tissue and the myoma, originating in the
muscular tissue and, very rarely, dermoid tumours, the exact origin of which it is difficult
Of the malignant tumours, epithelioma is the most common, but sarcomata
to explain.
are occasionally found in the bladder of children.
Puncture of the bladder may be performed either above the symphysis pubis or through
the rectum, in both cases without wounding the peritoneum. The former plan is generally
to be preferred, since in puncture by the rectiun a permanent fistula may be left from abscess
forming between the rectum and the bladder or pelvic cellulitis may be set up moreover,
In some cases, in performing
it is exceedingly inconvenient to keep a cannula in the rectum.
this operation the recto-vesical pouch of peritoneum has been wounded, inducing fatal
peritonitis.
The operation, therefore, has been almost completely abandoned.

m

;

;

;

;

;

The Male Ubethra
in the male extends from the neck of the bladder to the meatus
presents a double curve in the flaccid state of the penis, but in the
erect state it forms only a single curve, the concavity of which is directed upwards (fig. 667). Its length varies from eight to nine inches; and it is divided
into three portions, the lyrostatic, membranous, and spongy, the structure and
Except during the passage of the
relations of which are essentially different.
urine or semen, the urethra is a mere transverse cleft or slit, with its upper and
under surfaces in contact. At the orifice of the urethra at the end of the penis,
the slit is vertical, and in the prostatic portion somewhat arched.
The Prostatic portion is the widest and most dilatable part of the canal. It
passes through the prostate gland, from its base to the apex, lying nearer its
upper than its lower surface. It is about an inch and a quarter in length the
form of the canal is spindle-shaped, being wider in the middle than at either

The urethra

urinarius.

It

;

where it joins the membranous portion. A
transverse section of the canal as it lies in the prostate is horseshoe in shape,
the convexity being directed upwards (fig. 673).
Upon the floor of the canal is a narrow Ion gitudinslvidge, the verumo7itammi,
or caput gallinacjinis, formed by an elevation of the mucous membrane and its
extremity, and narrowest in front,

subjacent tissue. It is eight or nine lines in length, and a line and a half in
height and contains, according to Kobelt, muscular and erectile tissues. When
distended, it may serve to prevent the passage of the semen backwards into the
bladder.
On each side of the verumontanum is a slightly depressed fossa, the
;

is perforated by numerous apertures, the
the ducts of the middle lobe opening behind the
verumontanum. At the fore part of the verumontanum, in the middle line, is a
depression, the sinus pocularis {vesicula prostatica)
and upon or within its
margins are the slit-like openings of the ejaculatory ducts. The sinus pocularis

prostatic sinus, the floor

which

of

orifices of the prostatic ducts

;

;

forms a cul-de-sac about a quarter of an inch in length, which runs upwards and
backwards in the substance of the prostate beneath the middle lobe its prominent
upper wall partly forms the verumontanum. Its walls are composed of fibrous
tissue, muscular fibres, and mucous membrane
and numerous small glands
open on its inner surface. It has been called by Weber, who discovered it, the
uterus masculinus, from its being developed from the united ends of the rudimentary Midlerian ducts, and therefore homologous with the uterus in the
;

;

female.

;
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The Membranous portion of the urethra extends between the apex of the
prostate and the bulb of the corpus spongiosum. It is the narrowest part of the
canal (excepting the orifice), and measures three-quarters of an inch along its
upper, and half an inch along its lower surface, in consequence of the bulb
projecting backwards beneath

it.
Its anterior concave surface is placed about an
inch beneath the pubic arch, from which it is separated by the dorsal vessels
and nerves of the penis, and some muscular fibres. Its posterior convex surface
is separated from the rectum by a triangular space, which constitutes the
perinaeum. The membranous portion of the urethra perforates both the inferior
and superior layers of the deep perineal fascia, and receives an investment from
them. As it pierces the superior layer, the fibres around the opening are prolonged backwards over the posterior part of the membranous portion of the
urethra, and as it pierces the inferior layer a similar prolongation takes place in
the opposite direction, investing the anterior part of the membranous portion.
It is also surrounded by the Compressor urethras muscle.
The Spongy portion is the longest part of the urethra, and is contained in the
corpus spongiosum. It is about six inches in length, and extends from the
termination of the membranous portion to the meatus urinarius. Commencing
just in front of the triangular ligament, it inclines downwards for a short distance
it then ascends for about half its length, and then, in the flaccid condition of the
It is narrow, and of uniform size in the
penis, it bends suddenly downwards.
being
Ibody of the penis, measuring about a quarter of an inch in diameter
dilated behind, within the bulb and again anteriorly within the glans penis, where
it forms the fossa navicular is.
;

;

The Bulbous j^ortion is a name given, in some descriptions of the urethra, to
the posterior part of the spongy portion contained within the bulb.
The meatus urinarius is the most contracted part of the urethra it is a
vertical slit, about three lines in length, bounded on each side by two small labia.
The inner surface of the lining membrane of the urethra, especially on the
floor of the spongy portion, presents the orifices of numerous mucous glands
;

and follicles situated in the submucous tissue, and named the glands of Littre.
They vary in size, and their orifices are directed forwards, so that they may

One of
easily intercept the point of a catheter in its passage along the canal.
these lacunae, larger than the rest, is situated on the upper surface of the fossa
and a half from the orifice it is called the lactma
the bulbous portion are found opening the ducts of Cowper's

navicularis, about an inch

magna.

Into

glands.

;

—

Structure.
The urethra is composed of a continuous mucous membrane,
supported by a submucous tissue which connects it with the various structures
through which it passes.
The mucous coat forms part of the genito-urinary mucous membrane. It is
continuous with the mucous membrane of the bladder, ureters, and kidneys
and is prolonged into
externally, with the integument covering the glans penis
the ducts of the glands which open into the urethra, viz. Cowper's glands and the
prostate gland and into the vasa deferentia and vesiculae seminales, through the
;

;

;

In the spongy and membranous portions the mucous membrane
arranged in longitudinal folds when the organ is contracted. Small papilla
and its epithehal lining is of the columnar
are found upon it, near the orifice
variety, excepting near the meatus, where it is squamous.
The submucous tissue consists of a vascular erectile layer outside which is a
layer of unstriped muscular fibres, arranged in a circular direction, which separates the mucous membrane and submucous tissue from the tissue of the corpus

ejaculatory ducts.
is

;

;

spongiosum.
Surgical

urethra may be ruptured by the patient falling astride of
striking his perineum, so that the urethra is crushed against the
Bleeding will at once take place from the urethra, and this, together with the

Anatomy.— The

any hard substance and
pubic arch.
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bruising in the perinseum and the history of the accident, will at once point to the nature
of the injury.
The surgical anatomy of the urethra is of considerable importance, in connection with
the passage of instruments into the bladder. Otis was the first to point out that the
urethra is capable of great dilatability, so that, excepting through the external meatus,
an instrument corresponding to i8 English gauge (29 French) can usually be passed
without damage. The orifice of the urethra is not so dilatable and therefore frequently
requires slitting. A recognition of this dilatability caused Bigelow to very considerably
modify the operation of lithotrity and introduce that of litholapaxy. In passing catheters,
especially fine ones, the point of the instrument should be kept as far as possible along
the upper wall of the canal, as it is otherwise very liable to enter one of the lacunse.
Stricture of the urethra is a disease of very common occurrence, and is generally situated
in the spongy portion of the urethra, most commonly in the bulbous portion, just in front
of the membranous urethra, but in a very considerable number of cases in the penile or
ante-scrotal part of the canal.

MALE OEGANS OF GENERATION
The Prostate Gland
stand before)
Prostate Gland
a pale, firm, glandular body,
THEwhich
placed immediately in front
the neck
the bladder and around
(jrpoto-Trjfxi, to

is

of

is

commencement

of

placed in the«pelvic cavity, behind and
below the symphysis pubis, posterior to the deep perineal fascia, and rests upon

the

of the urethra.

It is

—

673 Transverse section of the prostate gland showing the urethra,
with the eminence of the caput gallinaginis beneath it the sinus pocularis

Fig.

;

;

and ejaculatory

ducts.

the rectum, through which

shape and size

it

it

may

be distinctly

felt,

especially

when

enlarged.

In

resembles a chestnut.

upwards and backwards towards the neck of the bladder.
directed downw^ards and forwards to the deep perineal fascia, which

Its base is directed
Its a2)ex is
it

touches.

smooth, marked by a shght longitudinal furrow, and
rests on the rectum, to which it is connected by dense areolar tissue.
of an inch
Its anterior surface is convex, and placed about three-quarters
below the pubic symphysis, from which it is separated by a plexus of veins and
It is connected to the pubic bone on either side by the
a quantity of loose fat.
Its posterior surface is

pubo-prostatic ligaments.
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The

lateral surfaces are prominent,

and are covered by the Levatores ani

muscles.
It measures about an inch and a half in its transverse diameter at the base,
an inch in its antero-posterior diameter, and an inch and a quarter in its vertical
diameter. Its weight is about four and a half drachms. It is' held in its position
by the anterior ligaments of the bladder {^'puho-'prostatic) by the posterior layer
of the deep perineal fascia, which invests the commencement of the membranous
portion of the urethra and prostate gland and by the anterior portion of the
Levator ani muscle {levator i^ostatce), which passes down on each side from
the symphysis pubis and anterior ligament of the bladder to the sides of the
;

;

prostate.

The
The
by a

prostate consists of two lateral lobes
tivo lateral lobes

slight

lobe.

furrow upon their anterior and posterior surfaces, which indicates the

bilobed condition of the organ in

The

and a middle

are of equal size, separated by a deep notch behind, and

some animals.

band, occasionally a rounded
between the two lateral lobes, at the posterior
part of the organ.
It lies immediately beneath the neck of the bladder, behind
the commencement of the urethra, and above and between the ejaculatory ducts.
Its existence is not constant
but it is occasionally found at an early period of
life, as well as in adults, and in old age.
The prostate gland is perforated by the urethra and the ejaculatory ducts.
The urethra usually lies about one-third nearer its anterior than its posterior
surface
occasionally, the prostate surrounds only the lower three-fourths of
this tube, and more rarely the urethra runs through the lower instead of the
upper part of the gland.
The ejaculatory ducts pass forwards obliquely
through the lower part of the prostate, and open into the prostatic portion of the
third, or viicldle lobe, is a small transverse

or triangular prominence, placed

;

;

urethra.
Structure.

— The prostate

is

enclosed in a thin but firm fibrous capsule, distinct

from that derived from the posterior layer of the deep perineal fascia, and separated
from it by a plexus of veins. Its substance is of a pale reddish-grey colour, of
great density, and not easily torn. It consists of glandular substance and muscular
tissue.

The muscular

tissue, according to Kolliker, constitutes the proper stroma of
the connective tissue being very scanty, and simply forming thin
trabeculge between the muscular fibres, in which the vessels and nerves of the
gland ramify. The muscular tissue is arranged as follows immediately beneath
the fibrous capsule is a dense layer, which forms an investing sheath for the

the prostate

:

:

gland

secondly, around the urethra, as

it lies in the prostate, is another dense
continuous behind with the internal layer of the
muscular coat of the bladder, and in front blending with the fibres surrounding
the membranous portion of the urethra. Between these two layers, strong
bands of muscular tissue, which decussate freely, form meshes in which the
glandular structure of the organ is embedded. In that part of the gland which
is situated in front of the urethra the muscular tissue is especially dense, and
there is here little or no gland tissue while in that part which is behind the
urethra the muscular tissue presents a wide-meshed structure, which is densest
at the base of the gland
that is, near the bladder becoming looser and more
sponge-like towards the apex of the organ.
The glandular substance is composed of numerous follicular pouches, opening
into elongated canals, which join to form from twelve to twenty small excretory
ducts.
The follicles are connected together by areolar tissue, supported by
prolongations from the fibrous capsule and muscular stroma, and enclosed in a
delicate capillary plexus.
The epithelium lining of both the canals and the
terminal vesicles is of the columnar variety. The prostatic ducts open into the
;

layer of

circular

fibres,

;

—

floor of the prostatic portion of the urethra.

Vessels and Nerves.

—

— The arteries supplying the prostate are derived from the
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and haemorrhoidal.

Its vei7is form a plexus around the
they receive in front the dorsal vein of the penis,
and terminate in the internal iliac vein. The nerves are derived from the pelvic

sides

and base

of the

gland

;

plexus.

—

Surgical Anatomy. The relation of the prostate to the rectum should be noted by
of the finger introduced into the gut, the surgeon detects enlargement or other
disease of this organ he can feel the apex of the gland, which is the guide to Cock's
operation for stricture he is enabled also by the same means to direct the point of a
catheter, when its introduction is attended with difficulty either from injury or disease of
the membranous or prostatic portions of the urethra. When the finger is introduced into
the bowel, the surgeon may, in some cases, especially in boys, learn the position, as well
as the size and weight, of a calculus in the bladder
and in the operation for jts removal,
if, as is not unfrequently the case, it should be lodged behind an enlarged prostate, it may
be displaced from its position by pressing upwards the base of the bladder from the rectum.
The prostate gland is occasionally the seat of suppuration, either due to injury, gonorrhoea,
The gland is enveloped in a dense unyielding capsule which
or tuberculous disease.
determines the course of the abscess, and also explains the great pain which is present
:

means

;

;

;

The abscess most frequently bursts into the urethra,
in the acute form of the disease.
the direction in which there is least resistance, but may occasionally burst into the rectum,
or more rarely in the peringeum. In advanced life the pr9state sometimes becomes considerably enlarged and projects into the bladder so as to impede the passage of the urine. According to Dr. Messer's researches, conducted at Greenwich Hospital, it would seem that such
obstruction exists in 20 per cent, of all men over sixty years of age. In some cases
the enlargement affects principaUy the lateral lobes, which may undergo considerable
enlargement without causing much inconvenience. In other cases it would seem that the
middle lobe enlarges naost, and even a small enlargement of this lobe may act injuriously,
by forming a sort of valve over the urethral orifice, preventing the passage of the urine, and
the more the patient strains, the more completely will it block the opening into the urethra.
In consequence of the enlargement of the prostate, a pouch is formed at the base of the
bladder behind the projection, in which water collects, and cannot be entirely expelled.
For this condition
It becomes decomposed and ammoniacal, and leads to cystitis.
prostatectoniy is sometimes done. The bladder is opened by an incision above the
symphysis pubis, the mucous membrane incised, and the enlarged and projecting middle
lobe enucleated.
'

'

Cowpeb's Glands
Cowper's Glands are two small rounded and somewhat lobulated bodies, of a
yellow colour, about the size of peas, placed behind the fore part of the membranous portion of the urethra, between the two layers of the deep perineal fascia.
They lie close above the bulb, and are enclosed by the transverse fibres of the
Compressor urethrae muscle. Their existence is said to be constant they
gradually diminish in size as age advances.
Structure.
Each gland consists of several lobules, held together by a fibrous
investment. Each lobule consists of a number of acini, lined by columnar
epithelial cells, opening into one duct, which, joining with the ducts of other
The excretory duct of
lobules outside the gland, form a single excretory duct.
each gland, nearly an inch in length, passes obhquely forwards beneath the
mucous membrane, and opens by a minute orifice on the floor of the bulbous
portion of the urethra.
Their existence is said to be constant they gradually
:

—

;

diminish in size as age advances.

The Penis
The Penis consists of a root, body, and extremity or glans penis.
The root is firmly connected to the rami of the os pubis and ischium by two
strong tapering fibrous processes, the crura and to the front of the symphysis
pubis by the suspensory ligament, a strong band of fibrous tissue which passes
downwards from the front of the symphysis pubis to the upper surface of the
root of the penis, where it blends with the fascial sheath of the organ.
The extremity, or glans penis, presents the form of an obtuse cone, flattened
from above downwards. At its summit is a vertical fissure, the orifice of the
urethra {meatus urinarius). The base of the glans forms a rounded projecting
;
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and. behind the corona is a deep constriction, the
both of these parts, numerous small sebaceous glands are found
the glandulcB Tysonii odorifercs. They secrete a sebaceous matter of very peculiar
odour, which probably contains caseine, and becomes easily decomposed.
The body of the penis is the part between the root and extremity. In the
flaccid condition of the organ it is cylindrical, but when erect has a triangular
prismatic form with rounded angles, the broadest side being turned upwards, and
called the dorsum. The body is covered by integument, and contains in its interior
a large portion of the urethra. The integument covering the penis is remarkable
for its thinness, its dark colour, its looseness of connection with the deeper parts
At the root of the penis, the
of the organ, and its containing no adipose tissue.
integument is continuous with that upon the pubes and scrotum and at the neck
of the glans it leaves the surface, and becomes folded upon itself to form the

border, the corona glandis
cervix.

;

Upon

:

prepuce.

The internal layer of the prepuce is attached behind to the cervix, and
approaches in character to a mucous membrane from the cervix it is reflected
over the glans penis, and at the meatus urinarius is continuous with the mucous
;

lining of the urethra.

The mucous membrane covering the glans penis contains no sebaceous glands
but projecting from its free surface are a number of small, highly sensitive
papillae.
At the back part of the meatus urinarius a fold of mucous membrane
passes backwards to the bottom of a depressed ra,phe, where it is continuous with
the prepuce this fold is termed the frcenum prceputii.
The penis is composed of a mass of erectile tissue,
Structure of the Penis.
Of these, two, the corpora
enclosed in three cylindrical fibrous compartments.
cavernosa, are placed side by side along the upper part of the organ the third, or
corpus spongiosum, encloses the urethra, and is placed below.
The Corpora Cavernosa form the chief part of the body of the penis. They
consist of two fibrous cylindrical tubes, placed side by side, and intimately
connected along the median line for their anterior three-fourths, whilst at their
back part they separate from each other to form the crura, which are two strong
tapering fibrous processes firmly connected to the rami of the os pubis and
ischium.
Each crus commences by a blunt pointed process in front of the
tuberosity of the ischium and, before its junction with its fellow to form the body
of the penis, it presents a slight enlargement, named by Kobelt the hulh of the
corpus cavernosum. Just beyond this point they become constricted, and retain
an equal diameter to their anterior extremity, where they form a single rounded
A median
end, which is received into a fossa in the base of the glans penis.
groove on the upper surface lodges the dorsal vein of the penis, and the groove on
the under surface receives the corpus spongiosum. The root of the penis is
;

;

—

;

;

connected to the symphysis pubis by the suspensory ligament.
Structure.
The corpora cavernosa are surrounded by a strong fibrous
envelope, consisting of two sets of fibres
the one, longitudinal in direction, being
common to the two corpora cavernosa, and investing them in a common covering the other, internal, being circular in direction, and being proper to each
corpus cavernosum. The internal circular fibres by their junction at one part
form an incomplete partition or septum between the two bodies.
The septum between the two corpora cavernosa forms an imperfect partition
it is thick and complete behind, but in front it is incomplete, and consists of a
number of vertical bands, which are arranged like the teeth of a comb, whence the
name which it has received, septum pectiniforme. These bands extend between
the dorsal and the urethral surface of the corpora cavernosa. This fibrous investment is extremely dense, of considerable thickness, and consists of bundles
of shining white fibres, with an admixture of well-developed elastic fibres, so that
it is possessed of great elasticity.

—

:

;

;

From the internal surface of the fibrous envelope, as well as from the sides of
the septum, are given off a number of bands or cords, which cross the interior of
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the corpora cavernosa in all directions, subdividing them into a number of
separate compartments, and giving the entire structure a spongy appearance.
These bands and cords are called trabeculcB, and consist of white fibrous tissue,
In them are contained numerous
elastic fibres, and plain muscular fibres.

and nerves.
The component

arteries

fibres of

which the

trabeculas are

composed are

larger

and

stronger round the circumference than at the centre of the corpora cavernosa
they are also thicker behind than in front. The interspaces, on the contrary, are
larger at the centre than at the circumference, their long diameter being directed
;

transversely they are largest anteriorly. They are occupied by venous blood,
and are lined by a layer of flattened cells similar to the endothelial lining of
;

veins.

The whole of the structure of the corpora cavernosa, contained within the
fibrous sheath, consists therefore of a sponge-like tissue of areolar spaces, freely
communicating with each other and filled with venous blood. The spaces may
therefore be regarded as large cavernous veins.
The arteries bringing the blood to these spaces are the arteries of the corpora
cavernosa and branches from the dorsal artery of the penis, which perforate the
fibrous capsule, along the upper surface, especially near

the fore part of the

organ.

These

on entering the cavernous structure divide into branches, which
and enclosed by the trabeculaB. Some of these terminate in a

arteries

are supported
Fig. 674.

— From the peripheral portion of the corpus cavernosttm penis under a low
magnifying power.

I.

a.

CapiUary network,

b.

Cavernous spaces.

2.

(Copied from Langer.)

Couneotion of the arterial twigs (a) with the cavernous spaces.

which open directly into the cavernous spaces
and form convoluted and somewhat
helicme arteries. They project
Miiller,
by
named
dilated vessels, which were
into the spaces, and from them are given off small capillary branches to supply
the trabecular structure. They are bound down in the spaces by fine fibrous
processes, and are more abundant in the back part of the corpora cavernosa
capillary network, the branches of

others

(fig.

assume

;

a tendril-like appearance,

674).

The blood from the cavernous spaces is returned by a series of vessels, some
of the glans penis and
of which emerge in considerable numbers from the base
converge on the dorsum of the organ to form the dorsal vein others pass out on
vein some emerge
the upper surface of the corpora cavernosa and join the dorsal
;

;

from the under surface of the corpora cavernosa and, receiving branches from the
corpus spongiosum, wind round the sides of the penis to terminate in the dorsal,
of the penis, and join the
vein but the greater number pass out at the root
;

prostatic plexus.

The Corpus Spongiosum encloses the

urethra,

and

is

situated

m the groove on

commences posteriorly in front of
the under surface of the corpora cavernosa. It
of the corpora cavernosa,
the deep perineal fascia, between the diverging crura
termmates, anteriorly, in
and
bulb
the
where it forms a rounded enlargement,
;
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another expansion, the
is

cylindrical,

which overlaps the anterior rounded extremity
body of the corpus spongiosum,
from behind forwards.

cjlans penis,

of the corpora cavernosa.

and tapers

The

central portion, or

slightly

The hulh

it receives a fibrous investment
varies in size in different subjects
from the anterior layer of the deep perineal fascia, and is surrounded by the
The urethra enters the bulb nearer its upper than its
Accelerator urinse muscle.
;

lower surface, being surrounded by a layer of erectile tissue, a thin prolongation
of which is continued backwards round the membranous and prostatic portions of
the canal to the neck of the bladder, lying between the two layers of muscular
The portion of the bulb below the urethra presents a partial division into
tissue.
two lobes, being marked externally by a linear raphe, whilst internally there
projects inwards, for a short distance, a thin fibrous septum, more distinct in
early

life.

—

The corpus spongiosum consists of a strong fibrous envelope,
enclosing a trabecular structure, which contains in its meshes erectile tissue, The
fibrous envelope is thinner, whiter in colour, and more elastic than that of the
corpora cavernosa. The trabeculse are delicate, uniform in size, and the meshes
between them small their long diameter, for the most part, corresponding with
Structure.

:

The external envelope or outer coat of the corpus spongiosum
that of the penis.
is formed partly of unstriped muscular fibre, and a layer of the same tissue
immediately surrounds the canal of the iirethra.
The lymphatics of the penis consist of a superficial and deep set the former
are derived from a dense network on the skin of the glans and prepuce and from
the mucous membrane of the urethra, and terminate in the superficial inguinal
;

glands; the latter emerge from the corpora cavernosa and corpus spongiosum,
and, passing beneath the pubic arch, join the deep lymphatics of the pelvis.
The nerves are derived from the internal piidic nerve and the pelvic plexus. On
the glans and bulb some filaments of the cutaneous nerves have Pacinian bodies

connected with them, and, according to Krause,
pecuHar form of end-bulb (see p. 48).

many

of

them terminate

in a

—

Surgical Anatomy. The penis occasionally requires removal for malignant disease.
removal of the ante-scrotal portion is all that is necessarj^ but sometimes it is requisite to remove the whole organ from its attachment to the rami of the ossa pubes and
The former operation is performed either hy cutting off the whole of the anterior
ischia.
part of the penis with one sweep of the knife or, what is better, cutting through the corpora
cavernosa from the dorsum, and then separating the corpus spongiosum from them, dividing it at a level nearer the glans penis. The mucous membrane of the urethra is then slit
up, and the edges of the flap attached to the external skin, in order to prevent contraction
The vessels which require ligature are
of the orifice, which would otherwise take place.
the two dorsal arteries of the penis, the arteries of the corpora cavernosa, and the artery
When the entire organ requires removal, the patient is placed in the
of the septuiu.
lithotomy position, and an incision is made round the root of the penis, and carried down
the median line of the scrotum as far as the perinseum. The two halves of the scrotum
are then separated from each other, and a catheter having been introduced into the bladder
as a guide, the membranous portion of the urethra in front of the triangular ligament is
separated from the corpora cavernosa and divided, the catheter having been withdrawn,
The suspensory ligament is now severed, and the crura separated
just behind the bulb.
from the bone with a periosteum scraper, and the whole penis removed. The membranous
portion of the urethra, which has not been removed, is now to be attached to the skin
The remainder of the wound
at the posterior extremity of the incision in the perinteum.
is to be brought together, free drainage being provided for.
Usuallj',

;

The Testes and their Coverings

(fig.

675)

The Testes are two small glandular organs, which produce the spermatozoa
they are situated in the scrotum, being suspended by the spermatic cords. At an
early period of foetal life the testes are contained in the abdominal cavity, behind
the peritoneum. Before birth they descend to the inguinal canal, along which
they pass with the spermatic cord, and, emerging at the external abdominal ring,
they descend into the scrotum, becoming invested in their course by numerous
;

)
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coverings derived from the serous, muscular, and fibrous layers of the abdominal
by the scrotum. The coverings of the testis are the

—

parietes, as well as

Skin
o
bcrotum.
^
Dartos
Intercolumnar, or External spermatic fascia.
Cremasteric fascia.
Infundibuliform, or Fascia propria (Internal spermatic
1

4.

-

fascia).

Tunica vaginalis.

The scrotum is a cutaneous pouch which contains the testes and part of the
spermatic cords. It is divided into two lateral halves by a median line, or raphe,
which is continued forwards to the under surface of the penis, and backwards along
Of these two lateral portions the left
the middle line of the perinseum to the anus.
is longer than the right, and corresponds with the greater length of the spermatic
cord on the left side. Its external aspect varies under different circumstances
:

—

Transverse section through the left side of the scrotum and the left testicle.
Fig. 675.
The sac of the tunica vaginalis represented in a distended condition. (Delepine.)
Sl-iii

Dartos

External spermatic fascia
Cremasteric fascia

Infundibuliform fascia
Parietal tunica vaginalis
Visceral tunica vaginalis

Tunica albuginea

A

lobule of the testicle

A

septum

Mediastinum
Digital fossa

Spermatic vein

Epididymis
Vas deferens
Artery to vas
Spermatic attertj
Internal mziscula?
tunic of Kolliker

under the influence of warmth, and in old and debilitated persons, it becomes
elongated and flaccid but, under the influence of cold, and in the young and
robust, it is short, corrugated, and closely applied to the testes.
The scrotum consists of two layers, the integument and the dartos.
The integument is very thin, of a brownish colour, and generally thrown into
thus,

;

folds or rug^.

It is

a pecuhar odour,

provided with sebaceous follicles, the secretion of which has
is beset with thinly scattered, crisp hairs, the roots of which

and

are seen through the skin.

The dartos is a thin layer of loose reddish tissue, endowed with contractility
forms the proper tunic of the scrotum, is continuous, around the base of the
scrotum, with the two layers of the superficial fascia of the groin and perinseum,
and sends inwards a distinct septum, septum -scroti, which divides it into two
cavities for the two testes, the septum extending between the raphe and the under
:

it

surface of the penis, as far as

its root.

closely united to the skin externally, but connected with the
subjacent parts by dehcate areolar tissue, upon which it ghdes with the greatest

The

dartos

is

4

A
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Tlie dartos is very vascular, and consists of a loose areolar tissue, confacility.
Its contractility is slow, and excited
taining unstriped muscular fibre, but no fat.
by cold and mechanical stimuli, but not by electricity.

fascia is a thin membrane, derived from the margin of the
abdominal ring, during the descent of the testis in the
foetus, which is prolonged downwards around the surface of the cord and testis. It
is separated from the dartos by loose areolar tissue, which allows of considerable
movement of the latter upon it, but is intimately connected with the succeeding

The intercolumnar

pillars of the external

layers.

The cremasteric fascia consists of scattered bundles of muscular fibres
(Cremaster muscle), connected together into a continuous covering by intermediate
The muscular fibres are derived from the lower border of the
areolar tissue.
Internal oblique muscle, during the descent of the testis.
The infundibuliform fascia is a thin membranous layer, which loosely invests
the surface of the cord. It is a continuation downwards of the fascia transversalis.
Beneath it is a quantity of loose connective tissue which connects this
layer of fascia with the spermatic cord and posterior part of the testicle.
This
connective tissue is continuous above with the sub-serous areolar tissue of the
abdomen. These two layers, the infundibuliform fascia and the tissue beneath
it, are known collectively as i\ie fascia propria.
The tunica vaginalis is described with the proper covering of the testis.
Vessels and nerves.
The arteries supplying the coverings of the testis are
the superficial and deep external pudic, from the femoral; the superficial perineal
branch of the internal pudic and the cremasteric branch from the epigastric. The
veins follow the course of the corresponding arteries.
The lymphatics terminate
in the inguinal glands.
The nerves are the ilio-inguinal branch of the lumbar
plexus, the two superficial perineal branches of the internal pudic nerve, the
inferior pudendal branch of the small sciatic nerve, and the genital branch of the

—

:

;

genito-crural nerve.

The spermatic cord extends from the internal abdominal ring, where the
it is composed converge, to the back part of the testicle.
In

structures of which

the abdominal wall the cord passes obliquely along the inguinal canal, lying at
first beneath the Internal oblique, and upon the fascia transversalis
but nearer
the pubes, it rests upon Poupart's ligament, having the aponeurosis of the
;

External oblique in front of it, and the conjoined tendon behind it. It then
escapes at the external ring, and descends nearly vertically into the scrotum.
The left cord is rather longer than the right, consequently the left testis hangs
somewhat lower than its fellow.
Structure of the spermatic cord.
The spermatic cord is composed of arteries,
veins, lymphatics, nerves, and the excretory duct of the testicle. These structures
are connected together by areolar tissue, and invested by the fasciae brought down

—

by the

testicle in its descent.

The

arteries of the cord are
the spermatic, from the aorta the artery of the
vas deferens, from the superior vesical and the cremasteric, from the deep
:

;

;

epigastric.

The spermatic artery, a branch of the abdominal aorta, escapes from the
abdomen at the internal or deep abdominal ring, and accompanies the other conand through the external
then descends to the testicle, and, becoming
tortuous, divides into several branches, two or three of which accompany the
vas deferens and supply the epididymis, anastomosing with the artery of the vas
deferens others pierce the back of the tunica albuginea and supply the substance
stituents of the spermatic cord along the inguinal canal

abdominal ring into the scrotum.

It

:

of the testis.

The cremasteric artery is a branch of the deep epigastric artery. It accompanies the spermatic cord and supplies the Cremaster muscle and other coverings
of the cord, anastomosing with the spermatic artery.
The artery of the vas deferens, a branch of the superior vesical, is a long
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slender vessel, which accompanies the vas deferens, ramifying upon the coats of
and anastomosing with the spermatic artery near the testis.
The spermatic veins emerge from the back of the testis, and receive tributaries
from the epididymis they unite and form a convoluted plexus {plexus pampinithat duct,

;

which forms the chief mass of the cord the vessels composing this
plexus are very numerous, and ascend along the cord in front of the vas deferens
below the external or superficial abdominal ring they unite to form three or
four veins, which pass along the spermatic canal, and, entering the abdomen
through the internal or deep abdominal ring, coalesce to form two veins. These
again unite to form a single vein, which opens on the right side into the inferior
vena cava, at an acute angle, and on the left side into the renal vein at a right
formis),

;

;

angle.

The lymphatic vessels terminate in the lumbar glands.
The nerves are the spermatic plexus from the sympathetic, joined by filaments
from the pelvic plexus which accompany the artery of the vas deferens.

—

Anatomy. The scrotum forms an admirable covering for the protection of the
This body, Ijdng suspended and loose in the cavity of the scrotum and surrounded
by a serous membrane, is capable of great inobility, and can therefore easily slip about
within the scrotum, and thus avoid injuries fL-om blows or squeezes. The skin of the
scrotum is very elastic and capable of great distension, and on account of the looseness
and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in cases of
cedema, to which this part is especially liable on account of its dependent position. The
scrotum is frequently the seat of epithelioma this is no doubt due to the rugae on its
surface, which favour the lodgment of dirt, and this, causing irritation, is the exciting
cause of the disease, wliich is especially common in chimney-sweeps from the lodgment
Siorgical

testicle.

;

of soot.

The scrotum

is

also the x^art

most

fi'equently affected

by elephantiasis.

On account of the looseness of the subcutaneous tissue, considerable extravasations of
blood may take place from very slight injuries. It is therefore generally recommended
never to applj' leeches to the scrotum, since they may lead to considerable ecchymosis,

'

but rather to puncture one or more of the superficial veins of the scrotum in cases where
local blood-letting from this part is judged to be desirable.
The muscular fibre in the
dartos causes contraction and considerable diminution in the size of a wound of the scrotum,
as after the operation of castration, and is of assistance in keeping the edges together, and
covering the exposed parts.

The Testes
As the
testes are suspended in the scrotum by the spermatic cords.
spermatic cord is rather longer than the right one, the left testicle hangs
somewhat lower than its fellow. Each gland is of an oval form, compressed
laterally, and having an oblique position in the scrotum
the upper extremity
being directed forwards and a little outwards
the lower, backwards and a
little inwards
the anterior convex border looks forwards and downwards the
posterior or straight border, to which the cord is attached, backwards and
upwards.
The anterior and lateral surfaces, as well as both extremities of the organ,
The posterior
are convex, free, smooth, and invested by the tunica vaginalis.
border, to which the cord is attached, receives only a partial investment from
that membrane.
Lying upon the outer edge of this posterior border is a long,
narrow, flattened body, named, from its relation to the testis, the epididymis
(8tSi;/A09, testis).
It consists of a central portion, or body, an upper enlarged
extremity, the globus major, or head and a lower pointed extremity, the tail, or

The

left

;

;

;

;

;

The globus major is intimately connected with the upper end of
the testicle by means of its efferent ducts and the globus minor is connected
with its lower end by cellular tissue, and a reflection of the tunica vaginalis. The
outer surface and upper and lower ends of the epididymis are free and covered
by serous membrane the body is also completely invested by it, excepting along
its posterior border.
The epididymis is connected to the back of the testis by a
fold of the serous membrane.
Attached to the upper end of the testis, or to the
epididymis, are one or more small pedunculated bodies. One of them is pretty
globus minor.

;

;

constantly found between the globus major of the epididymis and the testicle,

4 A

2

—

;
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is believed to be the remains of the upper extremity of the Miillerian duct
(page 114). It is termed the hydatid of Morcjagni. When the testicle is removed
from the body, the position of the vas deferens, on the posterior surface of the
testicle and inner side of the epididymis, marks the side to which the gland has

and

belonged.

—

and weight. The average dimensions of this gland are from one and a
two inches in length, an inch in breadth, and an inch and a quarter in
the antero-posterior diameter and the weight varies from six to eight drachms,
Size

half to

;

the

being a little the larger.
is invested by three tunics, the tunica vaginaHs, tunica albuginea,

left testicle

The

testis

and tunica vasculosa.

The tunica vaginalis is the serous covering of the testis. It is a pouch of
serous membrane, derived from the peritoneum during the descent of the testis
in the foetus from the abdomen into the scrotum.
After its descent, that portion
of the pouch which extends from the internal ring to near the upper part of the
gland becomes obliterated, the lower portion remaining as a shut sac, which

and is reflected on to the internal surface
described as consisting of a visceral and parietal

invests the outer surface of the testis,
of the

scrotum; hence

it

maybe

portion.

The

visceral portion {tunica vaginalis propria) covers the outer surface of the

well as the epididymis, connecting the latter to the testis by means of
From the posterior border of the gland it is reflected on to the
internal surface of the scrotum.

testis, as

a distinct fold.

The parietal portion of the serous membrane {tunica vaginalis refiexa) is far
more extensive than the visceral portion, extending upwards for some distance
in front, and on the inner side of the
Fig. 676. The testis in situ, the tunica
cord, and reaching below the testis.
The

—

vaginalis having been laid open.

inner surface of the tunica vaginalis is
free, smooth, and covered by a layer of
endothelial cells.
The interval between
the visceral and parietal layers of this
membrane constitutes the cavity of the
tunica vaginalis.
The obliterated portion of the pouch
may generally be seen as a fibro-cellular
thread lying in the loose areolar tissue
around the spermatic cord sometimes

Sxoermatic cord

Artery
of cord

Tunica vaginalis,
parietal layer

;

may

be traced as a distinct band
from the upper end of the inguinal canal,
where it is connected with the peritoneu.m, down to the tunica vaginalis
sometimes it gradually becomes lost on
the spermatic cord.
Occasionally no
trace of it can be detected.
In some
this

cases it happens that the pouch of peritoneum does not become obliterated, but
the sac of the peritoneum communicates

with the tunica vaginalis.

This

inguinal hernia (page 1126).
become entirely obliterated

peritoneum

Or
;

it

may

give rise to one of the varieties of oblique

in other cases the

pouch may

contract, but not

then forms a minute canal leading from the

to the tunica vaginalis.*

The tunica albuginea

is

the fibrous covering of the

testis.

It is

a

dense

* It is recorded that in the post-mortem
examination of Sir Astley Cooper, this minute
canal was found on both sides of the body. Sir Astley Cooper states that when a student
he suffered from inguinal hernia probably this was of the congenital variety, and the
canal found after death was the remains of the one down which the hernia travelled.
;

Lancet,

vol.

ii.

1824, p. 116.

.
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fibrous
tissue,
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membrane, of a bluish-white colour, composed of bundles of white fibrous
which interlace in every direction. Its outer surface is covered by the

tunica vaginalis, except along
the epididymis

its

posterior border, at the points of attachment of

hence the tunica albuginea

is usually considered as a fibroserous membrane, like the pericardium. This membrane surrounds the glandular
structure of the testicle, and, at its posterior border, is reflected into the interior
of the gland, forming an incomplete vertical septum, called the mediastinum
;

{corpus Highmoriammi)
The mediastinum testis extends from the upper, nearly

testis

to the

lower border

and is wider above than below. From the front and sides of this
septum numerous slender fibrous cords and imperfect septa {trabecules) are
given ofi', which radiate towards the surface of the organ, and are attached to the
of the gland,

inner surface of the tunica albuginea. They therefore divide the interior of the
organ into a number of incomplete spaces, which are somewhat cone-shaped,
being broad at their bases at the surface of the gland, and becoming narrower
The mediastinum supports the vessels
as they converge to the mediastinum.
and ducts of the testis in their passage to and from the substance of the gland.
The tunica vaseulosa {jna mater testis) is the vascular layer of the testis,
consisting of a plexus of blood-vessels, held together by delicate areolar tissue.
It covers the inner surface of the tunica albuginea and the different septa in the
interior of the gland, and therefore forms an internal investment to all the spaces
of which the gland is composed.
Structure.
The glandular structure of the testis consists of numerous lobules
{lohuli testis).
Their number, in a single testis, is estimated by Berres at 250,
and by Krause at 400. They differ in size according to their position, those in

—

the middle of the gland being larger and longer.
The lobules are conical in
shape, the base being directed towards the circumference of the organ, the apex
towards the mediastinum. Each lobule is contained in one of the intervals
between the fibrous cords and vascular processes which extend between the

mediastinum testis and the tunica albuginea, and consists of from one to three,
The tubes may be
or more, minute convoluted tubes, the tuhuli seminiferi.
separately unravelled, by careful dissection under water, and may be seen to
commence either by free csecal ends, or by anastomotic loops. The total number
of tubes is considered by Monro to be about 300, and the length of each about
sixteen feet
by Lauth, their number is estimated at 840, and their average
length two feet and a quarter. Their diameter varies from ^^ to yJ-Q of an inch.
The tubuli are pale in colour in early life, but in old age they acquire a deep
yellow tinge, from containing much fatty matter. Each tube consists of a basement layer, formed of epithelioid cells united edge to edge, outside which are
other layers of flattened cells arranged in interrupted laminae, which give to the
tube an appearance of striation in cross section. The cells of the outer layers
gradually pass into the interstitial tissue. Within the basement membrane are
epithelial cells arranged in several irregular layers, which are not always clearly
Amongst these
separate, but which may be arranged in three different groups.
;

Lining
i
cells may be seen the spermatozoa in different stages of development,
the basement membrane and forming the outer zone is a layer of cubical cells,
with small nuclei
these are known as the lining cells or spermatogonia. The
nucleus of some of them may be seen to be in the process of indirect division
{karyokinesis, page 10), and in consequence of this daughter cells are formed,
.

;

2. Within this first layer is to be seen a
with clear nuclei, arranged in two or three layers these

which constitute the second zone.

number

of larger cells

;

Embedded between them are
the intermediate or spermatogenic cells.
project into the lumen of the
tails
whose
clusters of developing spermatozoa,
tube.
Most of these cells are in a condition of karyokinetic division, and the
cells which result from this division are converted into the next layer, or spermatoblasts, by further division.
3. The third layer of cells is the spermatoblast, from
which the spermatozoa originate. They are ill-defined granular masses of
are
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protoplasm, of an elongated form, with a nucleus, which becomes the head of
the newly-forming spermatozoa. As development proceeds, the nuclear extremitypenetrates between the cells of the intermediate layer and becomes connected
with some of the cells of the outermost layer, which become elongated to receive
them. When development is almost complete, the spermatozoa begin to travel
inwards again towards the lumen of the tube, their connection with the cell of
the outer layer becoming stretched and converted into an attenuated thread.
Eventually, when they are fully developed, they may be seen forming a zone of
contiguous spermatozoa next to the lumen of the tube, with their tails projecting
and finally detachment of the head takes place, and they are set free
into it
;

into the interior of the tube.

The tubules are enclosed in a delicate plexus of capillary vessels, and are
held together by an intertubular connective tissue, which presents large interstitial
spaces lined by endothelium, which are believed to be the rootlets of the
lymphatic vessels of the testis.
In the apices of the lobules, the tubuli become less convoluted, assume a
nearly straight course, and unite together to form from twenty to thirty larger
ducts, of about 5-^ of an inch in diameter, and these, from their straight course,
are called vasa recta.
The 'vasa recta enter the fibrous tissue of the mediastinum, and pass upwards
and backwards, forming, in their ascent, a close network of anastomosing tubes
which are merely channels in the fibrous stroma, lined by flattened epithelium
and having no proper walls this constitutes the rete testis. At the upper end
of the mediastinum, the vessels of the
rete testis terminate in from twelve to
Fig. 677. Vertical section of the testicle,
fifteen
or twenty
ducts, the
vasa
to show the arrangement of the ducts.
they perforate the tunica
efferentia
albuginea, and carry the seminal fluid
from the testis to the epididymis. Their
Tunica vaginalis
course is at first straight, they then
Tunica albuginea
become enlarged, and exceedingly con;

—

:

voluted,
Its sejita

and form a

series

of

conical

masses, the coni vasculosi, which, together
constitute the
globus major of the
epididymis.
Each cone consists of a
single convoluted duct, from six to eight
inches in length, the diameter of which
gradually decreases from the testis to
the epididymis. Opposite the bases of
the cones the efi'erent vessels open at

narrow intervals into a single duct, which
constitutes, by its complex convolutions,
the body and globus minor of the

When the convolutions of
tube are unravelled, it measures

epididymis.
this

upwards

of

twenty

feet in length,

and

increases in breadth and thickness as it
approaches the vas deferens. The convolutions are held together by fine areolar tissue, and by bands of fibrous tissue.
The vasa recta are of smaller diameter than the seminal tubes, and have very
thin parietes.
They, like the channels of the rete testis, are lined by a single
layer of flattened epithelium.
The vasa efferentia and the tube of the epididymis
have walls of considerable thickness, on account of the presence in them of
muscular tissue, which is principally arranged in a circular manner. These
tubes are lined by columnar ciliated epithelium.

The vas deferens, the excretory duct of the testis, is the continuation of the
epididymis. Comraencing at the lower part of the globus minor, it ascends along
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the posterior surface of the testis and inner side of the epididymis, and along
the back part of the spermatic cord, through the spermatic canal to the internal
or deep abdominal ring.
From the ring it curves round the outer side of the
epigastric artery, crosses the external iliac vessels, and descends into the pelvis
at the side of the bladder
its base,
it arches backwards and downwards to
;

crossing over the obliterated hypogastric artery, and to the inner side of the
ureter.
At the base of the bladder it lies between that viscus and the rectum,
running along the inner border of the vesicula seminalis. In this situation it
becomes enlarged and sacculated, forming the ampulla; and then, becoming

narrowed at the base of the prostate, unites w^ith the duct of the vesicula seminalis
to form the ejaculatory duct.
The vas deferens presents a hard and cord-like
sensation to the fingers it is about two feet in length, of cylindiical form, and
about a line and a quarter in diameter. Its walls are dense, measuring onethird of a line
and its canal is extremely small, measuring about half a line.
;

;

— The

vas deferens consists of three coats: i. An external, or
muscu.lar coat, which in the greater part of the tube consists
of two layers of unstriped muscular fibre
an outer, longitudinal in direction,
Structure.

cellular coat.

2.

A

:

and an inner, circular

but in addition to these, at the commencement of the vas
deferens, there is a third layer, consisting of longitudinal fibres, placed internal
to the circular stratum, between it and the mucous membrane.
3. An internal,
or mucous coat, which is pale, and arranged in longitudinal folds its epithelial
covering is of the columnar variety.
A long narrow tube, the vas aherrans of Haller, is occasionally found connected with the lower part of the canal of the epididymis, or with the commencement of the vas deferens. It extends up into the cord for about two or three
;

;

where

terminates by a blind extremity, which is occasionally bifurcated.
from an inch and a half to fourteen inches, and sometimes it
becomes dilated towards its extremity more commonly it retains the same
diameter throughout.
Its structure is similar to that of the vas deferens.
Occasionally it is found unconnected with the epididymis.
inches,

it

Its length varies

;

—

Surgical Anatomy. The testicle frequently requires removal for malignant disease in
tuberculous disease, to prevent systemic infection; in cystic disease; in cases of large hernia
Tlie operatestis, and in some instances of incompletely descended or misplaced testicles.
tion of castration lias also been, dining the last few years, performed for enlargement of
the prostate for it has been found that removal of the testicles is followed by very rapid
and often considerable diminution in the size of the prostate. Tlie operation is, however,
one of severity, and is frequently followed by death in tliese cases, performed, as is necessarily the case, in old men.
Reginald Harrison has proposed to substitute for it excision
of a portion of the vasa deferentia.
The operation of castration is a comparatively simple
one.
An incision is made from the external ring to the bottom of the scrotum, into the
tunica vaginalis. The coverings are shelled off the organ, and the mesorchium, stretching
between the back of the testicle and the scrotum, divided. Tlie cord is tlien isolated, and
an aneurism needle, armed with a double ligature, passed under it, as liigli as is thought
Somenecessary, and the cord tied in two places, and divided between the ligatures.
times, in cases of malignant disease, it is desirable to open the inguinal canal and tie the
cord as near the internal abdominal ring as possible.
;

;

Vesicula Seminales
The seminal vesicles are two lobulated membranous pouches, placed between
the base of the bladder and the rectum, serving as reservoirs for the semen, and
secreting a fluid to be added to the secretion of the testicles.
Each sac is somewhat pyramidal in form, the broad end being directed backwards, and the narrow
end forwards towards the prostate. They measure about two and a half inches
in length, about five lines in breadth,

and two or three

lines in thickness.

They

vary, however, in size, not only in different individuals, but also in the same
individual on the two sides.
Their upper surface is in contact with the base of

the bladder, extending from near the termination of the ureters to the base of
the prostate gland.
Their under surface rests upon the rectum, from which they
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Their iwsterior extremities diverge
are separated by the recto- vesical fascia.
from each other. Their anterior extremities are pointed, and converge towards
the base of the prostate gland, where each joins with the corresponding vas
Along the inner margin of each vesicula
deferens to form the ejaculatory duct.
runs the enlarged and convoluted vas deferens. The inner border of the vesiculae,
and the corresponding vas deferens form the lateral boundaries of a triangular
the portion of the
space, limited behind by the recto-vesical peritoneal fold
bladder included in this space rests on the rectum, and corresponds with the
trigonum vesicae in its interior.
Each vesicula consists of a single tube, coiled upon itself, and giving off
;

several irregular csecal diverticula the separate coils, as well as the diverticula,
being connected together by fibrous tissue. When uncoiled, this tube is about
the diameter of a quill, and varies in length from four to six inches it terminates
posteriorly in a cul-de-sac its anterior extremity becomes constricted into* a
narrow straight duct, which joins on its inner side with the corresponding vas
deferens, and forms the ejaculatory duct.
:

;

;

Fig. 678.

—Base of the bladder, with thevasa deferentia
and

vesiciilffi

seminales.

Right ejacidotoiy

The ejaculatory ducts, two in number, one on each side, are formed by the
junction of the ducts of the vesiculae seminales with the vasa deferentia. Each
duct is about three-quarters of an inch in length it commences at the base of
the prostate, and runs forwards and downwards in a canal in its substance, and
;

along the side of the sinus pocularis, to terminate by a separate slit-like orifice
close to or just within the margins of the sinus.
The ducts diminish in size, and
converge towards their termination.
Structure.
The vesiculge seminales are composed of three coats an external
or fibro-cellular a middle or muscular coat, which is thinner than in the vas
deferens, arranged in two layers, an outer, longitudinal, and inner, circular an

—

:

;

;

internal or

mucous

coat,

which

is pale, of

delicate reticular structure, like that seen in the gall-bladder,
finer.

The

The epithelium

is

and presents a
but the meshes are

a whitish-brown colour,

columnar.

They are an outer
almost entirely lost after their entrance into the prostate
a layer of muscular fibres, consisting of an outer thin circular and an inner longitudinal layer, and the mucous membrane, forming the only constituents of the tubes.
Vessels and nerves.
The arteries supplying the vesiculaB seminales are derived
coats of the ejaculatory ducts are extremely thin.

fibrotcs layer,

which

is

:

;

—
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1097

and middle hgemorrhoidal.

The

arteries.

The veins and
nerves are derived from the pelvic

plexus.

—

Surgical Anatomy. The vesiculte seminales are often the seat of an extension of the
disease in cases of tuberculous disease of the testicle, and should always be examined from
the rectum before coming to a decision with regard to castration in this affection.

Descent of the Testes
The

an early period of foetal life, are placed at the back part of the
behind the peritoneum in front, and a little below the kidneys.
The anterior surface and sides are invested by peritoneum. At about the third
month of intra-uterine life a peculiar structure, the gubernaculum testis, makes its
appearance. This structure is at first a slender band which extends from the
situation of the internal ring, to the epididymis and body of the testicle, and is
then continued upwards in front of the kidney towards the Diaphragm. As
development advances, the peritoneum covering the testicle encloses it and forms
a mesentery, the mesorchiuni, which also encloses the gubernaculum and forms
two folds, one above the testicle, and the other below it. The one above the
testicle is the 2^^'^c<^ vascularis, and contains ultimately the spermatic vessels
the one below, the ijlica guhernatrix, contains the lower part of the gubernaculum,
which has now grown into a thick cord it terminates below at the internal ring
in a tube of peritoneum, the processus vaginalis, which protrudes itself down the
inguinal canal.
The lower part of the gubernaculum by the fifth month has
become a thick cord, whilst the upper part has disappeared. The lower part can
now be seen to consist of a central core of unstriped muscle-fibre, and outside
this of a firm layer of striped elements connected, behind the peritoneum, with
Later on, about the sixth month, the lower end of the
the abdominal wall.
gubernaculum can be traced into the inguinal canal, extending to the pubes, and,
The fold of peritoneum, conat a later period, to the bottom of the scrotum.
testes, at

abdominal

cavity,

;

;

;

stituting the processus vaginalis, projects itself

downwards

into the inguinal

which eventually
reaches the bottom of the scrotum, and into this the testicle is drawn by the
growth of the body of the foetus, for the gubernaculum does not grow commensurately with the growth of other parts, and therefore the testicle, being
attached by the gubernaculum to the bottom of the scrotum, is prevented from
rising as the body grows, and is drawn first into the inguinal canal and eventually
into the scrotum.
By the eighth month, the testicle has reached the scrotum,
preceded by the lengthened pouch of peritoneum, the processus vaginalis, which
communicates by its upper extremity with the peritoneal cavity. Just before
canal, forming a gradually elongating depression or cul-de-sac,

upper part of the pouch usually becomes closed, and this obliteration
extends gradually downwards to within a short distance of the testis. The
process of peritoneum surrounding the testis, which is now entirely cut off from
the general peritoneal cavity, constitutes the tunica vaginalis.^
In the female, a small cord, corresponding to the gubernaculum in the male,
descends to the inguinal region, and ultimately forms the round Hgament of the
uterus.
A pouch of peritoneum accompanies it along the inguinal canal, analogous
it is called the canal of NucJc.
to the processus vaginalis in the male
birth the

:

—Abnormalities in

tlie formation and in the descent of the testicle
be developed or the testicle may be fully developed,
and the vas deferens
undeveloped in wliole or part or again, both testicle and
vas deferens may be fully developed, but the duct may not become connected to the
gland. The testicle may fail in its descent, or it may descend into some abnormal
position.
Thus it may be retained in the position where it was primarily developed,
Ijelow the kidney
or it may descend to the internal abdominal ring, but fail to pass
through this opening; it may be retained in tlie inguinal canal, which is perhaps the

Surgical Anatomy.

may

occur.

The

may
may be

testicle

fail to

;

;

;

*

The

obliteration of the process of peritoneum which accompanies the cord, and is
See section on Inguinal Hernia.
2^rocess, is often incomplete.

hence called the funicular
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or it may pass through the external abdominal ring and remain
just outside it, failing to pass to the bottom of the scrotum.
On the other hand, it may
get into some abnormal position
it may pass the scrotum and reach the perinaeiun, or it
may fail to enter the inguinal canal, and may find its way through the femoral ring into
the crural canal, and present itself on the thigh at the saphenous opening. There is
still a third class of cases of abnormality of the testicle, where the organ has' descended
in due course into the scrotum, but is malplaced.
The most common form of this is
where the testicle is inverted that is to say, the organ is rotated so that the epididymis
is connected to the front of the scrotum, and the body, surrounded by the tunica vaginalis,
is directed backwards.
In these cases the vas deferens is to be felt in the front of the
cord.
The condition is of importance in connection with hydrocele and hsematocele, and
the position of the testicle should always be carefully ascertained before performing any
operation for these affections. Again, more rarely, the testicle may be reversed. This is
a condition in which the top of the testicle, indicated by the globus major of the
epidid.ymis, is at the bottom of the scrotum, and the vas deferens comes off from the summit
of the orsfan.

most common position

;

:

;

FEMALE OEGANS OF GENEi^ATION
EXTEENAL OEGANS
external organs of generation in the female are the mons Veneris
THElabia
the meatus urinarius, and the
majora and minora, the
:

clitoris,

of the vagina.
all

The term vulva
'

'

or

'

;

the

orifice

pudendum,' as generally applied, includes

these parts.
Fig. 679.

— The vulva.

External female organs of generation

The mons Veneris is'l.the rounded eminence in front of the pubic symphysis
formed by a collection of fatty tissue beneath the integument. It surmounts the
vulva, and becomes covered with hair at the time of puberty.
The labia majora are two prominent longitudinal cutaneous folds, extending
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and
an
enclosing the
outer, which is pigmented and covered with strong, crisp hairs and an inner, which
is continuous with the
is smooth and is beset with large sebaceous folhcles and
quantity of
considerable
two
a
the
between
and
tract
mucous
genito-urinary
areolar tissue, fat, and a tissue resembling the dartos of the scrotum, besides
their
vessels, nerves, and glands. The labia are thicker in front, where they form by
but
appear
joined,
really
not
are
they
Posteriorly
commissure.
anterior
meeting the
to become lost in the neighbouring integument, terminating close to, and nearly
Together with the connecting skin between them,
parallel with each other.
or posterior boundary of the vulval orifice.
commissure,
posterior
they form the

downwards from the mons Veneris

common

to the anterior bounda.ry of the perinaeum,

urino-sexual opening.

Each labium has two

surfaces,

;

;

Fig. 680.

—Vertical median section of the female

pelvis.

Chf^

L'

trc/aed -n

'Jc

The

interval between the posterior commissure and the anus, about an inch to
The fourcliette
an inch and a quarter in length, constitutes the peringeum.
is the anterior edge of the perineum, and between it and the hymen is a
depression, the fossa navicularis.
The labia correspond to the scrotum in the

male.

The labia minora, or nymphse, are two small cutaneous folds, situated within
and extending from the clitoris obliquely downwards, outwards
and backwards for about an inch and a half on each side of the orifice of the
vagina, between which and the labia majora they are lost.
Anteriorly, the two
labia minora meet, and form the ffcenum of the clitoris.
The prepuce of the
the labia majora,

passing backwards on each side, is inserted, as it were, into the labia
minora, but is not actually a part of them. The nymph® are really modified
skin.
Their internal surfaces have numerous sebaceous follicles.
The clitoris is an erectile structure, analogous to the corpora cavernosa of the
penis.
It is situated beneath the anterior commissure, partially hidden between

clitoris,

THE UEETHEA
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It is connected to the rami of the
the anterior extremities of the labia minora.
and ischium on each side by a crus the body is short and concealed
beneath the labia the free extremity, or glans clitoridis, is a small rounded

OS pubis

;

;

spongy erectile tissue, and highly sensitive. It is provided,
with a suspensory ligament, and with two small muscles, the
Erectores clitoridis, Avhich are inserted into the crura of the clitoris. The chtoris
consists of two corpora cavernosa, composed of erectile tissue enclosed in a dense
layer of fibrous membrane, united together along their inner surfaces by an incomplete fibrous pectiniform septum.
Between the clitoris and the entrance of the vagina is a triangular smooth
this is the vestibule.
surface, bounded on each side by the nymphae
The orifice of the urethra (meatus urinarius) is situated at the back part of the
vestibule, about an inch below the clitoris, and near the margin of the vagina,
surrounded by a prominent elevation of the mucous membrane. Below the meatus
tubercle, consisting of

like the penis,

;

urinarius

is

the orifice of the vagina,

membranous fold, the hymen.
The hymen is a membranous

fold

opening

much

of the vagina.

It varies

more

or less closed in the virgin

which closes
in shape.

by a

to a greater or less extent the
Its commonest form is that of

sometimes it is represented by a semilunar
concave margin turned towards the pubes. A complete septum
stretched across the lower part of the vaginal orifice is called imperforate hymen.'
Occasionally it is cribriform, or its free margin forms a membranous fringe,
It may persist after copulation, so that it cannot
or it may be entirely absent.
After parturition, the small rounded
be considered as a test of virginity.
elevations known as the carunculce myrtiformes are found as the remains of the
a ring, generally broadest posteriorly

fold,

with

:

its

'

hymen.

—

Glands of Bartholin. On each side of the commencement of the vagina, and
behind the hymen, is a round or oblong body, of a reddish-yellow colour, and of the
size of a horse-bean, analogous to Cowper's gland in the male.
It is called the
gland of Bartholin. Each gland opens by means of a long single duct, on each
the hymen.
Bulbi vestibuli. Extending from the clitoris, along either side of the vestibule,
and lying a little behind the nymphae, are two large oblong masses, about an inch
in length, consisting of a plexus of veins, enclosed in a thin layer of fibrous
membrane. These bodies are narrow in front, rounded below, and are connected
with the crura of the clitoris and rami of the pubes they are termed by Kobelt the
hulhi vestibuli
and he considers them analogous to the bulb of the corpus
spongiosum in the male. Immediately in front of these bodies is a smaller
venous plexus, continuous with the bulbi vestibuli behind and the glans clitoridis
in front
it is called by Kobelt the imrs intermedia, and is considered by him as
analogous to that part of the body of the corpus spongiosum which immediately
succeeds the bulb.
side, external to

—

:

;

:

Eelations of the Bladdeb

The bladder

is

situated at the anterior part of the pelvis.

It is in relation, in

with the symphysis pubis
behind, with the utero-vesical pouch of
peritoneum which separates it from the body of the uterus its base lies in
contact with the connective tissue in front of the cervix and upper part of the

front,

;

;

The bladder is said by some
Laterally, is the recto-vesical fascia.
anatomists to be larger in the female than in the male. At any rate it does not
rise above the symphysis pubis till more distended than in the male, but this is
perhaps owing to the more capacious pelvis rather than to its being of actually
vagina.

larger size.

The Urethea
The urethra

a narrow membranous canal, about an inch and a half
from the neck of the bladder to the meatus urinarius. It

is

length, extending

in
is
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placed beneath the symphysis pubis, embedded in the anterior wall of the vagina
and its direction is obhquely downwards and forwards, its course being slightly
curved, the concavity directed forwards and upwards. Its diameter when undilated
The urethra perforates the triangular ligament,
is about a quarter of an inch.
;

precisely as in the male.
Structure.

— The

urethra consists of three coats

mucous.
The muscular coat

is

:

muscular,

continuous with that of the bladder

;

it

erectile,

and

extends the whole

length of the tube, and consists of a circular stratum of muscular fibres. In
addition to this, between the two layers of the triangular ligament, the female
urethra is surrounded by the Compressor urethras, as in the male.
A tliin layer of spongy erectile tissue, containing a plexus of large veins, intermixed with bundles of unstriped muscular fibre, lies immediately beneath the

mucous coat.
The mucous

coat is pale, continuous externally with that of the vulva, and
It is thrown into longitudinal folds, one of

internally with that of the bladder.

which, placed along the floor of the canal, resembles the verumontanum in the
male urethra. It is lined by laminated epithelium, which becomes transitional
near the bladder. Its external orifice is surrounded by a few mucous follicles.

The urethra, from not being surroiuided by dense resisting structures, as in the male,
admits of considerable dilatation, which enables the surgeon to remove, with considerable
facility, calculi, or

other foreign bodies, from the cavity of the bladder.

The Eectum
The rectum

is

more capacious and

less

curved in the female than in the

male.

The first portion extends from the left sacro-iliac symphysis to the middle of
Its connections are similar to those in the male.
the sacrum.
The second portion extends to the tip of the coccyx. It is covered in front by
the peritoneum for a short distance, at its upper part it is in relation with the
:

posterior wall of the vagina.

portion curves backwards from the vagina to the anus, leaving
which corresponds on the surface of the body to the perinaaum. Its
extremity is surrounded by the Sphincter muscles, and its sides are supported by

The

tliircl

a space

the Levatores ani.

INTEENAL OEGANS
The internal organs of generation are the vagina, the uterus and its
appendages, the Fallopian tubes, the ovaries and their ligaments, and the round
:

ligaments.

The vagina extends from the vulva
behind the bladder, and
curved upwards and backwards, at first
of the pelvis,

to the uterus.

It is situated in the cavity

in front of the rectum.
in the line of the outlet,

that of the axis of the cavity of the pelvis.

Its direction is

and afterwards

in

Its walls are ordinarily in contact,

its usual shape on transverse section is that of an H, the transverse limb
being slightly curved forwards or backw^ards, whilst the lateral limbs are somewhat
convex towards the median line. Its length is about two inches along its anterior
It is constricted
wall, and two and three-quarter inches along its posterior wall.
at its commencement, and becomes dilated medially, and narrowed near its
uterine extremity it surrounds the vaginal portion of the cervix uteri, a short
distance from the os, its attachment extending higher up on the posterior than
on the anterior wall of the uterus.

and

;

Relations.

— Its anterior

and with the urethra.

surface

is in

relation with the base of the bladder,

connected for the lower threeextent to the anterior wall of the rectum, the upper fourth being
separated from that tube by the recto-vaginal fold of peritoneum, which forms a

fourths of

its

Its posterior surface is
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between the vagina and rectum. Its sides give attachment superiorly
broad Hgaments, and inferiorly to the Levatores ani muscles and recto-

cul-de-sac
to the

vesical fascia.

—

The vagina consists of an internal mucous lining, of a muscular
and between the two of a layer of erectile tissue.
The mucous viemhrane is continuous above with that lining the uterus. Its
inner surface presents, along the anterior and posterior walls, a longitudinal
ridge or raphe, called the columns of the vagina, and numerous transverse ridges
or rug£e, extending outwards from the raph6 on either side.
These rug^ are
divided by furrows of variable depth, giving to the mucous membrane the
Structure.

coat,

studded over with conical projections or papillae they are
orifice of the vagina, especially in females before
The epithelium covering the mucous membrane is of the squamous
parturition.
The submucous tissue is very loose, and contains numerous large
variety.
veins, which by their anastomoses form a plexus, together with smooth
muscular fibres derived from the muscular coat it is regarded by Gussenbauer as
an erectile tissue. It contains a number of mucous crypts, but no true glands.

appearance

of being

;

most numerous near the

;

two layers an external longitudinal, which is
and an internal circular layer. The longitudinal fibres are
continuous with the superficial muscular fibres of the uterus. The strongest
fasciculi are those attached to the recto- vesical fascia on each side.
The two
layers are not distinctly separable from each other, but are connected by oblique
decussating fasciculi, which pass from the one layer to the other. In addition to
this, the vagina at its lower end is surrounded by a band of striped muscular

The tnuscular

coat consists of

:

far the stronger,

the sphincter vagincB (see page 465).
External to the muscular coat is a layer of connective tissue, containing a
large plexus of blood-vessels.
The erectile tissue consists of a layer of loose connective tissue, situated

fibres,

between the mucous membrane and the muscular coat embedded in it is a
plexus of large veins, and numerous bundles of unstriped muscular fibres, derived
from the circular muscular layer. The arrangement of the veins is similar to
that found in other erectile tissues.
;

The Uterus
the organ of gestation, receiving the fecundated ovum in its
it during the development of the foetus, and
becoming the principal agent in its expulsion at the time of parturition.
In the virgin state it is pear-shaped, flattened from before backwards, and
situated in the cavity of the pelvis, between the bladder and the rectum it is
retained in its position by the round and broad ligaments on each side, and

The

uterus

is

cavity, retaining

and supporting

;

Its upper end, or base, is
projects into the upper end of the vagina below.
directed upwards and forwards its lower end, or apex, downwards and backwards,
;

It therefore forms an angle with
the vagina, since the direction of the vagina corresponds to the axis of the cavity
and outlet of the pelvis. The uterus measures about three inches in length, two
in breadth at its upper part, and nearly an inch in thickness, and it weighs from

in the line of the axis of the inlet of the pelvis.

an ounce and a half.
two parts (i) the body, with its upper broad extremity, the
fundus and (2) the cervix, or nech, which is partly above the vagina, and partly
in the vagina.
The fundus is placed on a line below the level of the brim of the,
pelvis, being directed forwards behind the upper portion of the anterior pelvic
an ounce

to

It consists of

:

;

wall.

The

between the body and cervix is indicated externally by a slight
and by the reflection of the peritoneum from the anterior surface of
the uterus on to the bladder, and internally by a narrowing of the canal, called
division

constriction,

the internal

os.
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The body gradually narrows from the fundus

to the neck.

Its anterior surface

by peritoneum in the upper three-fourths of its extent, and
separated from the bladder by the utero-vesical pouch. Its posterior surface is
convex transversely, covered by peritoneum throughout, and separated from the
rectum by some convolutions of the intestine. Its lateral ynargins are concave,
and give attachment to the Fallopian tube above, the round ligament below and
in front of this, and the ligament of the ovary behind and between both of these
is

flattened, covered

structures.

The
ference

is the lower constricted segment of the uterus
around its circumattached the upper end of the vagina, which extends upwards a greater

cervix
is

;

distance behind than in front.
The supravaginal portion
cellular tissue is interposed

Fig. 68 1.

is

not covered by peritoneum in front a pad of
it and the bladder.
Behind, the peritoneum
;

between

—Douglas's pouch.

(From a preparation

in the

Museum

of the

Royal College of Surgeons.)

fipex of

Hxt

is

extended over

the vagina.

On

it.

its

diizc

art

The vaginal portion
surface

is

is

the rounded lower end projecting into
tcteri, generally circular in

a small aperture, the os

shape, but sometimes oval, or almost linear.
The margin of the opening is, in
the absence of past parturition or disease, quite smooth.
Ligaments. The ligaments of the uterus are eight in number one anterior

—

:

—

;

one posterior two lateral or broad two sacro-uterine all these being formed
of peritoneum
and, lastly, two round ligaments.
The anterior ligament (vesico-uterine) is reflected on to the bladder from the
front of the uterus, at the junction of the supravaginal cervix and body.
The posterior ligament (recto-uterine) passes from the posterior wall of the
uterus over the upper fourth of the vagina, and thence on to the rectum and
sacrum. It thus forms a pouch called Douglas's looucli (fig. 68i), the boundaries
;

;

;
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of which are, in front, the posterior wall of the uterus, the supravaginal cervix,
and the upper fourth of the vagina behind, the rectum and sacrum above, the
small intestine and laterally, the sacro-uterine ligaments.
The tioo lateral or broad ligaments pass from the sides of the uterus to the
lateral walls of the pelvis, forming a septum across the pelvis, which divides
In the anterior part are contained the bladder,
that cavity into two portions.
urethra, and vagina in the posterior part, the rectum.
Between the two layers
;

;

;

;

each broad ligament are contained: (i)
(2) the round ligament
(3) the ovary and its
organ of Eosenmliller (5) connective tissue
The Fallopian tube is contained in a special
is attached to the part of the ligament near
of

;

;

;

Fig. 682.

Fallopian tubes superiorly;
ligament (4) the parovarium, or
and (6) unstriped muscular fibre.
fold of the broad ligament, which
the ovary, and is known by the
the

;

— Side view of the female pelvic organs.
Museum

(From a preparation in the
of the Eoyal College of Surgeons.)

name

of the mesosalpinx.
Between the fimbriated extremity of the tube and
the lower attachment of the broad ligament is a concave rounded margin called
the infunclibulo-jJelvic ligament (fig. 684).

The sacro-uterine ligaments pass from the second and third bones of the
sacrum, downwards and forwards, to be attached one on each side of the uterus
at the junction of the supravaginal cervix and the body, this point corresponding
internally to the p.osition of the os internum.
The round ligament will be described in the sequel.
The cavity of the uterus is small in comparison with the size of the organ
:

that portion of the cavity which corresponds to the body is triangular, flattened
from before backwards, so that its walls are closely approximated, and having its

base directed upwards towards the fundus. At each superior angle is a funnelshaped cavit}^ which constitutes the remains of the division of the body of the
uterus into two cornua and at the bottom of each cavity is the minute orifice
of the Fallopian tube.
At the inferior angle of the uterine cavity is a small
;

4B
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constricted opening, the internal orifice {ostium internum), wliich leads into the
cavity of the cervix.
The cavity of the cervix is somewhat fusiform, flattened from before back-

wards, broader at the middle than at either extremity, and communicates, below,
with the vagina. The wall of the canal presents, anteriorly and posteriorly, a
longitudinal column, from which proceed a number of small oblique columns,
giving the appearance of branches from the stem of a tree and hence the name
These folds usually become very indistinct after
arhor vita uterina applied to it.
;

the

first

labour.

Structure.

—The

uterus

is

composed

of three coats

a middle or muscular, and an internal mucous coat.
The serous coat is derived from the peritoneum

:

an external serous

coat,

it invests the fundus and
the whole of the posterior surface of the body of the uterus but only the upper
In the lower fourth of the posterior surface
three-fourths of its anterior surface.
the peritoneum, though covering the uterus, is not closely connected with it,
;

;

,

being separated from

The muscular

it

by a layer

of loose cellular tissue

and some large

veins.

coat forms the chief bulk of the substance of the uterus.

In

the unimpregnated state it is dense, firm, of a greyish colour, and cuts almost
It is thick opposite the middle of the body and fundus, and thin at
like cartilage.
It consists of bundles of unstriped muscular
the orifices of the Fallopian tubes.

disposed in layers, intermixed with areolar tissue, blood-vessels, lymphatic
and nerves. In the impregnated state the muscular tissue becomes
more prominently developed, and is disposed in three layers external, middle,

fibres,

vessels,

and

—

internal.

The external layer is placed beneath the peritoneum, disposed as a thin plane
on the anterior and posterior surfaces. It consists of fibres, which pass transversely across the fundus, and, converging at each superior angle of the uterus,
are continued on to the Fallopian tube, the round ligament, and the ligament of the
ovary some passing at each side into the broad ligament, and others running
backwards from the cervix into the sacro-uterine ligaments.
The middle layer of fibres, which is thickest, presents no regularity in its
arrangement, being disposed- longitudinally, obliquely, and transversely.
It
contains most blood-vessels.
The internal or deep layer consists of circular fibres arranged in the form of
two hollow cones, the apices of which surround the orifices of the Fallopian
tubes, their bases intermingling with one another on the middle of the body of
the uterus.
At the internal os these circular fibres form a distinct sphincter.
The mucous membrane is thin, smooth, and closely adherent to the subjacent
tissue.
It is continuous, through the fimbriated extremity of the Fallopian tubes,
with the peritoneum and, through the os uteri, with the lining of the vagina.
In the body of the uterus it is smooth, soft, of a pale red colour, lined by
columnar ciliated epithelium, and presents, when viewed with a lens, the orifices
of numerous tubular follicles arranged perpendicularly to the surface.
It is
unprovided with any submucosa, but is intimately connected with the innermost
layer of the muscular coat, which by some anatomists is regarded as the muscularis
mucosa. In structu.re the corium differs from ordinary mucous membrane,
consisting of an embryonic nucleated and highly cellular form of connective
In it are the tube-like uterine
tissue in which run numerous large lymphatics.
glands, which are of small size in the unimpregnated uterus, but shortly after
impregnation become enlarged, elongated, presenting a contorted or waved
appearance towards their closed extremities, which reaches into the muscularis,
and may be single or bifid. They consist of a delicate membrane, lined by an
epithelium, which becomes ciliated towards the orifices.
In the impregnated
uterus the epithelium loses its ciliated character, is thicker and tougher, and is
provided with a submucous layer of areolar tissue.
In the cervix the mucous membrane is sharply differentiated from that of the
It is thrown into numerous transverse folds, which are arranged
uterine cavity.
:

;
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along an anterior and posterior longitudinal raphe, presenting an appearance
which has received the name of arbor vitcE. In the upper two-thirds of the
canal, the mucous membrane is provided with numerous deep glandular follicles,
which secrete a clear viscid alkaline mucus and in addition, extending through
the whole length of the canal, are a variable number of little cysts, presumably
follicles, which have become occluded and distended with retained secretion.
;

The mucous membrane covering the lower
numerous papillae. The epithelium of the
upper two-thirds is cylindrical and ciliated, but below this it loses its cilia, and
gradu.ally changes to squamous epithelium close to the external os.
Vessels and nerves.— The arteries of the uterus are the uterine, from the
internal iliac
and the ovarian, from the aorta. They are remarkable for their
tortuous course in the substance of the organ, and for their frequent anastomoses.
The termination of the ovarian artery meets the termination of the uterine

They

are called the ovttla Nabothi.

half of the cervical canal presents

;

Fig. 683.

—^The arteries of the internal organs of generation of the female,
seen from behind.

(After Hyrtl.'

and forms an anastomotic trunk from which branches are given off to
supply the uterus, their disposition being, as shown by Sir John Wilhams,
circular.
The veins are of large size, and correspond with the arteries. In the
artery,

.

impregnated uterus these vessels are termed the uterine sinuses, consisting of
the lining membrane of the veins adhering to the walls of canals channelled
through the substance of the uterus. They terminate in the uterine plexuses.
The lymphatics of the body terminate in the lumbar glands, those of the cervix
in the pelvic glands.
The nerves are derived from the inferior hypogastric and
ovarian plexuses, and from the third and fourth sacral nerves.
The form, size, and situation of the uterus vary at different periods of life and under
different circumstances.
In the foetus the uterus is contained in the abdominal cavity, projecting beyond the
brim of the pelvis. The cervix is considerably larger than the body.
Atjmherty the uterus is pyriform in shape, and weighs from eight

It
to ten drachms.
has descended into the pelvis, the fimdus being just below the level of the brim of this
cavity.
The arbor vitse is distinct, and extends to the upper part of the cavity of the organ.

4 B
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During menstruation the organ is enlarged, and more vascular, its surfaces rounder
the OS externum is rounded, its labia swollen, and the lining membrane of the body
thickened, softer, and of a darker colour. According to Sir J. Williams, at each recurrence
of menstruation a molecular disintegration of the mucous membrane takes place, which
leads to its complete removal, only the bases of the glands embedded in the muscle being
At the cessation of menstruation, hy a proliferation of the remaining structures a fresh
left.
mucous membrane is formed.
During i^regnancxj the uterus becomes enormously enlarged, and in the ninth month
reaches the epigastric region. The increase in size is partly due to growth of pre-existing
muscle, and partly to development of new fibres.
After j)arturition the uterus nearly regains its usual size, weighing about an ounce
and a half but its cavity is larger than in the virgin state the external orifice is more
marked its edges present a fissured surface its vessels are tortuous and its muscular
layei's are more defined.
In old age the uterus becomes atrophied, and paler and denser in texture a more
distinct constriction separates the body and cervix.
The ostium internum and,
occasionally, the vaginal orifice often become obliterated, and its labia almost entirely
disappear.
;

;

;

;

;

;

;

Appendages op the Uterus
The appendages of the uterus are the Fallopian tubes, the ovaries and their
ligaments, and the round ligaments.
They are placed in the following order in
:

Fig. 684.

— Uterine appendages, seen from behind.
Pat oven

Fimbriated

(Henle.

mm
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Fimbria ova

the Fallopian tube occupies the upper margin of
is the round ligament
the broad ligament the ovary and its ligament are behind and below both.
The Fallopian tubes, or oviducts, convey the ova from the ovaries to the

front

;

;

They are two in number, one on each side, situated in the
broad ligament, extending from each superior angle of the
uterus to the side of the pelvis. Bach tube is about four inches in length and
cavity of the uterus.

upper margin

of the

;

described as consisting of three portions (i) the isthmus, or inner constricted
half; (2) the ampidla, or outer dilated portion, which curves over the ovary;
and (3) the infundihulum with its ostium abdominale, surrounded by fimbriae,
one of which is attached to the ovary, the fimbria ovarica. The general direction
of the Fallopian tube is outwards, backwards, and downwards.
The uterine

is

:

opening is minute, and will only admit a fine bristle the abdominal opening is
comparatively much larger. In connection with the fimbriaB of the Fallopian
tube, or with the broad ligament close to them, there is frequently one or more
small vesicles, floating on a long stalk of peritoneum. These are termed the
hydatids of Morgagni.
;

Structure.

— The

Fallopian tube consists of three coats

and mucous.
The external or serous coat

is

peritoneal.

:

serous, muscular,
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or muscular coat consists of an

and an

external longitudinal

internal circular layer of muscular fibres continuous with those of the uterus.
The internal or mucous coat is continuous with the mucous lining of the
It is thrown
uterus, and, at the free extremity of the tube, with the peritoneum.

which in the outer, larger part of the tube, or ampulla,
extensive than in the narrow canal of the isthmus. The lining
epithehum is columnar ciliated. This form of epithelium is also found on the
while on the outer or serous surfaces of these
inner surface .of the fimbrige
processes the epithelium gradually merges into the endothelium of the

into longitudinal folds,

are

much more

;

peritoneum.

The ovaries {testes muliehres, Galen) are analogous to the testes in the male.
They are oval-shaped bodies, of an elongated form, flattened from above downwards, situated one on each side of the uterus, in the posterior part of the broad
ligament behind and below the Fallopian tubes. Each ovary is connected, by its
by its lower extremity, to the
anterior straight margin, to the broad ligament
;

—The uterus and

Posterior view.
The parts have been someits appendages.
horn their proper position in the prej)aration of the specimen thus the
right ovary has been raised above the FaUopian tube, and the fimbriated extremities of
(From a preparation in the Museum
the tiibes have been tinned upwards and outwards.
of the Roval College of Surgeons.)

Fig. 685.

what

dis]3laced

Fu~iJpriMted &ytrem.

;
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uterus by a proper ligament, the ligament of the ovary and by its upper end to
the fimbriated extremity of the Fallopian tube by the ovarian fimbria its mesial
and lateral surfaces and posterior convex border are free. The ovaries are of a
greyish-pink colour, and present either a smooth or puckered, uneven surface.
They are each about an inch and a half in length, three-quarters of an inch in
width, and about a third of an inch thick and weigh from one to two drachms.
The exact position of the ovary has been the subject of considerable difference
of opinion, and writers differ much as to what is to be regarded as the normal posi;

;

;

The fact appears to be that it is differently placed in
Hasse has described it as being situated with its long axis

tion.

different individuals.

transverse, or almost

Schultze, on the other hand, believes that its long
KoUiker asserts that the truth hes between these two
views, and that the ovary is placed obhquely in the pelvis, its long axis lying
parallel to the external ihac vessels, with its surface directed inwards and outwards, and its convex free border upwards. His has made some important
observations on this subject, and his views are largely accepted. He teaches
that the uterus rarely hes symmetrically in the middle of the pelvic cavity, but
is generally inclined to one or other side, most frequently to the left, in the proportion of three to two. The position of the two ovaries varies according to the
transverse, to the pelvic cavity.
axis is antero-posterior.

When the uterus is inclined to the left, the ovary of
long axis vertical and with one side closely apphed to the

inclination of the uterus.
this side lies

with

its
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outer wall of the pelvis

upon by the

;

while the ovary of the opposite

side,

being dragged

inclination of the uterus, lies obliquely, its outer extremity being

retained in close apposition to the side of the pelvis by the infundibulo-pelvic
ligament (page 1105). When, on the other hand, the uterus is inclined to the
right, the position of the two ovaries is exactly reversed, the right being vertical
and the left oblique. In whichever position the ovary is placed, the Fallopian

tube forms a loop around it, the uterine half ascending obliquely over it, and
the outer half, including the dilated extremity, descending and bulging freely
behind it. From this extremity the fimbriae pass upwards on to the ovary and
closely

embrace

Structure.

it.

— The ovary consists of a number

of

Graafian vesicles, embedded in

the meshes of a stroma or framework, and invested by a serous covering derived
from the peritoneum.
Serous Covering. Though the investing membrane of the ovary is derived
from the peritoneum, it dif!'ers essentially from that structure, inasmuch as its
epithelium consists of a single layer of columnar cells, instead of the

—

this has been
flattened endothelial cells on other parts of the membrane
termed the germinal epithelium of Waldeyer, and gives to the surface of the ovary
a dull grey aspect instead of the shining smoothness of serous membranes
;

generally.

Stroma.

—The stroma

is

a peculiar soft tissue, abundantly supplied with blood-

most part of spindle-shaped cells, with a small amount
of ordinary connective tissue. These cells have been regarded by some anatomists
as unstriped muscle cells, which, indeed, they most resemble (His)
by others as
On the surface of the
connective-tissue cells (Waldeyer, Henle, and KoUiker).
organ this tissue is much condensed, and forms a layer composed of short
This was formerly
connective-tissue fibres, with fusiform cells between them.
regarded as a distinct fibrous covering, and was termed the tunica albuginea, but
is nothing more than a condensed layer of the stroma of the ovary.
Graafian vesicles. Upon making a section of an ovary, numerous round
vessels, consisting for the

;

—

transparent vesicles of various sizes are to be seen they are the Graafian vesicles,
the ovisacs containing the ova.
the
beneath
Immediately
Fig. 686.- Section of the ovary.
(After Schron.)
superficial covering is a layer
of stroma, in which are a large
;

number

of

uniform

size,

minute

vesicles, of

about

inch in diameter.
Fig. 687.

y^ of an
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— Section of the Graafian

vesicle.

(After

Von

Baer.)
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almost mature
escaped.
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I
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.
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the Graafian vesicles in their earliest condition, and the layer where they are
found has been termed the cortical layer. They are especially numerous in the
ovary of the young child. After puberty, and during the whole of the childbearing period, large and mature, or almost mature. Graafian vesicles are also
found in the cortical layer in small nurabers, and also corpora lutea,' the remains
of vesicles which have burst and are undergoing atrophy and absorption. Beneath
'

THE OVAEIES
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and more mature Graafian vesicles are found
These increase in size as they recede from
the surface towards a highly vascular stroma in the centre of the organ, termed the
this superficial stratum, other large

embedded

in the ovarian stroma.

medullary substance {zona vasculosa, Waldeyer). This stroma forms the tissue of
the hilum by which the ovary is attached, and through which the blood-vessels
it does not contain any Graafian vesicles.
enter
:

The

larger Graafian vesicles consist of an external fibro-vascular coat,
connected with the surrounding stroma of the ovary by a network of bloodand an internal coat, named ovicapsule, which is lined by a layer of
vessels
nucleated cells, called the memhrana granulosa.
The fluid contained in the
interior of the vesicles is transparent and albuminous, and in it is suspended the
ovum. In that part of the mature Graafian vesicle which is nearest the s^^rface
of the ovary, the cells of the membrana granulosa are collected into a mass
which projects into the cavity of the vesicle. This is termed the discus proligerus,
;

in this the ovum is embedded.*
The ova are formed from the germ-epithelium on the surface of the ovary the
cells become enlarged and involuted, forming little depressions on the surface of
the ovary. As they sink deeper into the tissue they become enclosed by the out-

and

:

growth of processes from the stroma

of the ovary, and, becoming surrounded, their
connection with the surface is cut off, and the germ-epithelium forming the
involution is contained in a cavity, the future Graafian follicle.
The germ-cell or
cells now form the ovum the cell-wall forms the vitelline membrane the nucleus,
the germinal area and a nucleolus, which soon appears, the germinal spot. A
clear homogeneous protoplasm is formed within the cell, constituting the yelk, and
thus the primordial ovum is developed. According to Dr. Foulis, the cells of the
membrana granulosa are formed out of the nuclei of the fibro-cellular stroma of
the ovary .f
The development and maturation of the Graafian vesicles and ova continue
uninterruptedly from puberty to the end of the fruitful period of woman's life,
while their formation commences before birth. Before puberty the ovaries are
small, the Graafian vesicles contained in them are disposed in a comparatively
thick layer in the cortical substance here they present the appearance of a large
number of minute closed vesicles, constituting the early condition of the Graafian
vesicle many, however, never attain full development, but shrink and disappear,
At puberty the ovaries enlarge, are
their ova being incapable of impregnation.
more vascular, the Graafian vesicles- are developed in greater abundance, and their
ova are capable of fecundation.
Discharge of the ovum. The Graafian vesicles, after gradually approaching
the surface of the ovary, burst the ovum and fluid contents of the vesicles are
liberated, and escape on the exterior of the ovary, passing thence into the
Fallopian tube.J
In the foetus, the ovaries are situated, like the testes, in the lumbar region,
near the kidneys. They may be distinguished from those bodies at an early
period by their elongated and flattened form, and by their position, which is at
They gradually descend into the pelvis.
first oblique and then nearly transverse.
Lying above the ovary in the broad ligament between it and the Fallopian
tube is the organ of BosenmuUer, called also the parovcLrium. This is the
remnant of a foetal structure, the development of which has been described at a
former page (page 114). In the adult it consists of a few closed convoluted tubes,
lined with epithelium, which converge towards the ovary at one end and at the
This
other are united by a longitudinal tube, the epoophoron or duct of Gartner.
duct terminates in a bulbous enlargement (see fig. iii). The parovarium is connected at its uterine extremity with the remains of the Wolffian duct.
;

;

;

;

;

—

:

*

For a description of the ovum, see page 72.
t Proceedings of the Boyal Society of Edinhiirgli, April 1875.
X This is effected either by application of the tube to the ovary, or
upwards of the fimbriated extremity, so that the ovum is caught as it falls.

by a curling
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The ligament

ovary

of the

is

a rounded cord,

which extends from each

superior angle of the uterus to the inner extremity of the ovary

;

it

consists of

and a few muscular fibres derived from the uterus.
The round ligaments are two rounded cords between four and five inches in
lengtli, situated between the layers of the broad ligament in front of and below the
Fallopian tube. Commencing on each side at the superior angle of the uterus, this
ligament passes forwards, upwards, and outwards through the internal abdominal
ring, along the inguinal canal to the labia majora, in which it becomes lost.
The
round ligament consists principally of muscular tissue, prolonged from the uterus
also of some fibrous and areolar tissue, besides blood-vessels and nerves, enclosed
in a duplicature of peritoneum, which, in the foetus, is prolonged in the form of a
fibrous tissue

;

tubular process for a short distance into the inguinal canal.

This process

is

called

the canal of Nuck.
It is generally obliterated in the adult, but sometimes remains
pervious even in advanced life. It is analogous to the peritoneal pouch which

accompanies the descent of the testis.
Vessels and nerves.
The arteries of the ovaries and Fallopian tithes are the
ovarian from the aorta. They enter the attached border, or hilum, of the ovary.
The veins follow the course of the arteries they form a plexus near the ovary,
the pampiniform plexus.
The nerves are derived from the inferior h}^ogastric or
pelvic plexus, and from the ovarian plexus, the Fallopian tube receiving a branch
from one of the uterine nerves.

—

;

Mammary Glands
The mammae,

which
male as well as in the female but in the
former ovlLj in the rudimentary state, unless their growth is excited by peculiar
circumstances. In the female they are two large hemispherical eminences situated
or breasts, are accessory glands of the generative system,

secrete the milk.

They

exist in the

;

towards the lateral aspect of the pectoral region, corresponding to the intervals
between the third and sixth or seventh ribs, and extending from the side of the
sternum to the axilla. Their weight and dimensions differ at different periods
of life, and in different individuals.
Before puberty they are of small size, but
enlarge as the generative organs become more completely developed.
They
increase during pregnancy, and especially after delivery, and become atrophied in
old age.
The left mamma is generally a little larger than the right. Their base
is nearly circular, flattened, or slightly concave, and has its long diameter directed
upwards and outwards towards the axilla they are separated from the Pectoral
muscles by a layer of fascia.
The outer surface of the mamma is convex,
;

and presents,

below the centre, a small conical prominence, the nipple
is dark-coloured, and surrounded by an
areola having a coloured tint.
In the virgin the areola is of a delicate rosy hue
about the second month after impregnation it enlarges and acquires a darker tinge,
which increases as pregnancy advances, becoming in some cases of a dark brown,
or even black colour.
This colour diminishes as soon as lactation is over,
but is never entirely lost throughout life. These changes in the colour of the
areola are of importance in forming a conclusion in a case of suspected first
pregnancy.
The nipple is a cylindrical or conical eminence, capable of undergoing a sort
of erection from mechanical excitement, a change mainly due to the contraction
of its muscular fibres.
It is of a pink or brownish hue, its surface wrinkled and
provided with papillae and it is perforated by numerous orifices, the apertures
of the lactiferous ducts.
Near the base of the nipple, and upon the surface of
the areola, are numerous sebaceous glands, which become much enlarged during
lactation, and present the appearance of small tubercles beneath the skin. These
{mammilla).

just

The

surface of the nipple

;

;

glands secrete a peculiar fatty substance, which serves as a protection to the
of the nipple during the act of sucking.
The nipple consists of
numerous vessels, intermixed with plain muscular fibres which are principally

integument

;:

THE MAMMAEY GLANDS
arranged in a circular manner around the base
base to apex.
Structure.
its

lobes

;

some few

:

fibres radiating

— The mamma consists of gland-tissue; of fibrous

and

when
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of fatty tissue in the intervals

between the

connecting

tissue,

lobes.

from

The gland-

and fat, is of a pale reddish colour, firm in
from before backwards, thicker in the centre
than at the cu'cumference, and presenting several inequalities on its surface,
It consists of numerous lobes, and these are composed of
especially in front.
lobules, connected togethei' by areolar tissue, blood-vessels, and ducts.
The
smallest lobules consist of a cluster of rounded alveoli, which open into the
smallest branches of the lactiferous ducts these ducts uniting form larger ducts,
which terminate in a single canal, corresponding with one of the chief subdivisions of the gland. The number of excretory ducts varies from fifteen to twenty
they are termed the tuhidi lactiferi, or galactopliori. They converge towards the
tissue,

freed from fibrous tissue

texture, circular in form, flattened

;

Fig. 688.

—Dissection of the lower half of the female breast diiring the
period of lactation.

(From

Ltischlia.)

\

"^

Fat
^

Lobule unraieUed^^\^;;„^^rif^^V

%'^

<

O >\.^i:'

Lactiferous duct

Ampulla
Lobule'
Loculi in connective tissue

areola,

beneath which they form dilatations, or ampulla, which serve as reserbecome contracted, and pursue

voirs for the milk, and, at the base of the nipple,

a straight course to its summit, perforating it by separate orifices considerably
narrower than the ducts themselves. The ducts are composed of areolar tissue,
with longitudinal and transverse elastic fibres, and longitudinal muscular fibres
their mucous lining is continuous, at the point of the nipple, with the integument. The epithelium of the mammary gland differs according to the state of
activity of the organ. In the gland of a woman who is not pregnant or suckling,
the alveoli are very small and sohd, being filled with a mass of granular
polyhedral cells. During pregnancy the alveoh enlarge, and the cells undergo

rapid multiplication.
At the commencement of lactation, the cells in the
centre of the alveolus undergo fatty degeneration, and are ehminated in the
The peripheral cells of the alveolus remain,
first milk, as colostrum coijmscles.
and form a single layer of granular, short columnar cells, with a spherical
nucleus, lining the limiting

membrana

propria.

These

cells

during the state of
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activity of

the gland, are capable of forming, in their interior, oil-globules,
into the lumen of the alveolus, and constitute the milk-

which are then ejected
globules.

The fibrous tissue invests the entire surface of the breast, and sends down
septa between its lobes, connecting them together.
The fatty tissue surrounds the surface of the gland, and occupies the interval
between its lobes. It usually exists in considerable abundance, and determines
the form and size of the gland.

and

nipple.

There

is

no

fat

immediately beneath the areola

—

The arteries supplying the mammae are derived from
Vessels and nerves.
the thoracic branches of the axillary, the intercostals, and internal mammary.
The

veins describe an anastomotic circle round the base of the nipple, called by
Haller the circulus venosus. From this, large branches transmit the blood to the
circumference of the gland, and end in the axillary and internal mammary veins.
The lymphatics, for the most part, run along the lower border of the Pectoralis
major to the axillary glands some few, from the inner side of the breast, perforate the intercostal spaces and empty themselves into the anterior mediastinal
glands.
The nerves are derived from the anterior and lateral cutaneous nerves
;

of the thorax.

THE SUEGICAL ANATOMY OF
INGUINAL HERNIA
—

For dissection of the parts concerned in inguinal hernia, a male
should always be selected. The body should be placed in the supine
abdomen and pelvis raised by means of blocks placed beneath them, and the
lower extremities rotated outwards, so as to make the parts as tense as possible. If the
abdominal walls are flaccid, the cavity of the abdomen should be inflated by an aperture
through the mxibilicus. An incision should be made along the middle line, from the
umbilicus to the symphysis pubis, and continued along the front of the scrotum and a
second incision, from the anterior superior spine of the ilium to just below the umbilicus.
These incisions should divide the integument and the triangular- shaped flap included
between them should be reflected downwards and outwards, when the superficial fascia
will be exposed.
Dissection

subject, free
position, the

(fig.

from

689).

fat,

;

;

—

The superficial fascia of the abdomen. This, over the greater part of the
abdominal wall, consists of a single layer of fascia, which contains a variable
amount of fat but as it approaches the groin it is easily divisible into two layers,
between which are found the superficial vessels and nerves and the superficial
inguinal lymphatic glands.
;

The

superficial layer is thick, areolar in texture, containing adipose tissue in

meshes, the quantity of which varies in different subjects. Below it passes
over Poupart's ligament, and is continuous with the outer layer of the superficial
fascia of the thigh.
In the male, this fascia is continued over the penis and
over the outer surface of the cord to the scrotum, where it helps to form the
dartos.
As it passes to the penis and over the cord to the scrotum it changes
its

becoming thin, destitute of adipose tissue, and of a pale, reddish
and in the scrotum it acquires some involuntary muscular fibres. From
the scrotum it may be traced backwards, to be continuous with the superficial
its

character,

colour

;

fascia of the perinseum.

In the female this fascia

is

continued into the labia

majora.

The

hypogastric branch of the ilio-hypocjastric nerve perforates the aponeurosis
External oblique muscle about an inch above and a little to the outer side
of the external abdominal ring, and is distributed to the integument of the hypoof the

gastric region.

The ilio-inguinal nerve escapes at the external abdominal ring, and is distributed to the integument of the upper and inner part of the thigh; to the
scrotum in the male and to the labium in the female.
The superficial epigastric artery arises from the femoral about half an inch
below Poupart's ligament, and, passing through the saphenous opening in the
fascia lata, ascends on to the abdomen, in the superficial fascia covering the
External oblique muscle, nearly as high as the umbihcus. It distributes branches
to the superficial inguinal lymphatic glands, the superficial fascia, and the integument, anastomosing with branches of the deep epigastric and internal mammary
arteries.

The superficial circumfiex iliac artery, the smallest of the cutaneous branches,
arises close to the preceding, and, piercing the fascia lata, runs outwards, parallel
with Poupart's ligament, as far as the crest of the ihum, dividing into branches
which supply the

superficial inguinal lymphatic glands, the superficial fascia

and
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the integument, anastomosing with the deep circumflex ihac and with the gluteal
and external circumflex arteries.
The sujyerficicd external imclic {superior) artery arises from the inner side of
the femoral artery, close to the preceding vessels, and, after passing through the
saphenous opening, courses inwards, across the spermatic cord, to be distributed
to the integument on the lower part of the abdomen, the penis and scrotum in
the male, and the labium in the female, anastomosing with branches of the
internal pudic.

The
usually

superficial veins.

much

— The veins accompanying these

larger than the arteries

:

superficial vessels are

they terminate in the internal saphenous

vein.

The

superficial inguinal lymphatic glands are placed

integument, are of large

size,

Fig. 689.

and vary from eight

—Inguinal hernia.

immediately beneath the
number. They are

to ten in

Superficial dissection.

Superficial
circumflex
iliac vein

/*i.#*t
Exietnal abdominal
9

\/
Supei

fj
1/

^

'

ing

ii'4f
I

ficial ejngasttic vein

divisible into two groups an upper, dis^DOsed irregularly along Poupart's ligament,
which receive the lymphatic vessels from the integument of the scrotum, penis,
parietes of the abdomen, perineal and gluteal regions, and the mucous membrane
of the urethra
and an inferior group, which surround the saphenous opening
in the fascia lata, a few being sometimes continued along the saphenous vein to
:

;

a variable extent.

This latter group receive the superficial lymphatic vessels

from the lower extremity.

The deep layer of the superficial fascia {fascia of Scarpa) is thinner and more
membranous in character than the superficial layer. In the middle line it is
intimately adherent to the linea alba

;

above,

it is

continuous with the superficial

EXTBENAL ABDOMINAL EING
fascia over the rest of the trunk
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below, it blends with the fascia lata of the
below Poupart's ligament below and internally, in the male, it is
continued over the penis and over the outer surface of the cord to the scrotum,
where it helps to form the dartos. From the scrotura it may be traced backwards to be continuous with the deep layer of the superficial fascia of the
perinseum. In the female it is continuous with the labia majora.
The scrotum is a cutaneous pouch, which contains the testes and part of the
spermatic cords, and into which an inguinal hernia frequently descends (see
page 1089).
The aponeurosis of the external oblique muscle. This is a thin, but strong
membranous aponeurosis, the fibres of which are directed obliquely downwards
and inwards. That portion of the aponeurosis which extends between the
anterior superior spine of the ilium and the spine of the os pubis is a broad
band, folded inwards and continuous below with the fascia lata
it is called
PoiqMrt's ligament. The portion which is reflected from Poupart's ligament at
;

thigh, a little

;

—

;

the spine of the os pubis, along the pectineal line, is called Gimbernat's ligament.
From the point of attachment of the latter to the pectineal line, a few fibres pass
upwards and inwards, behind the inner pillar of the ring to the linea alba. They
diverge as they ascend, and form a thin, triangular, fibrous band, which is called
In the aponeurosis of the External
the triangular ligament of the abdomen.
oblique, immediately above the crest of the os pubis, is a triangular opening, the
external or superficial abdominal ring, formed by the separation of the fibres of
the aponeurosis in this situation.
The external or superficial abdominal ring. Just above and to the outer side
of the crest of the os pubis, an interval is seen in the aponeurosis of the External
This aperture is oblique in direction,
oblique, called the external abdominal ring.
somewhat triangular in form, and corresponds with the course of the fibres of
the aponeurosis. It usually measures from base to apex about an inch, and
transversely about half an inch. It is bounded below by the crest of the os
pubis above by a series of curved fibres, the intercolumnar, which pass across
the upper angle of the ring, so as to increase its strength and on either side,
by the margins of the opening in the aponeurosis, which are called the columns

—

;

;

or

of the ring.
external pillar, which, at the

2^illci'rs

The

its direction, is

which

is

;

same

time,

is inferior

formed by that portion

it is

inserted into the spine of the os pubis

of groove,

The

the stronger

upon which the spermatic cord

;

it is

from the obliquity

of

Poupart's ligament
curved, so as to form a kind
of

rests.

internal or superior pillar is a broad, thin, flat band, which is attached
body of the os pubis, interlacing with its fellow of the opposite

to the front of the
side, in front of

the symphysis pubis, that of the right side being superficial.
gives passage to the spermatic cord in the male,

The external abdominal ring

in the female
it is much larger in men than in women, on
account of the large size of the spermatic cord, and hence the great frequency of
inguinal hernia in men.
The intercolumnar fibres are a series of curved tendinous fibres, which arch
They have
across the lower part of the aponeurosis of the External oblique.

and round ligament

;

received their name from stretching across between the two pillars of the external
ring they increase the strength of the lower part of the aponeurosis, and prevent
the divergence of the pillars from one another. They are thickest below, where
and are inserted
they are connected to the outer third of Poupart's ligament
into the linea alba, describing a curve, with the convexity downwards.
They
are much thicker and stronger at the outer angle of the external ring than
internally, and are more strongly developed in the male than in the female.
These intercolumnar fibres, as they pass across the external abdominal ring, are
themselves connected together by delicate fibrous tissue, thus forming a fascia
which; as it is attached to the pillars of the ring, covers it in, and is called the
intercolumnar fascia. This intercolumnar fascia is continued downwards as a
;

;
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tubular prolongation around the outer surface of the cord and testis, and encloses
them in a distinct sheath hence it is also called the external sjJermatic fascia.
The sac of an inguinal hernia, in passing through the external abdominal ring,
;

receives an investment from the intercolumnar fascia.
then if
If the finger is introduced a short distance into the external ring, and
the limb is extended and rotated outw^ards, the aponeurosis of the External
oblique, together with the ihac portion of the fascia lata, will be felt to become
if the limb is, on the contrary,
tense, and the external ring much contracted
;

flexed

upon the

pelvis

and rotated inwards,

this aponeurosis will

become

lax,

and

the external ring sufficiently enlarged to admit the finger with comparative ease
hence the patient should always be put in the latter position when the taxis is
apphed for the reduction of an inguinal hernia, in order that the abdominal walls
;

may

be relaxed as

much

Fig. 690.

as possible.

— Inguinal hernia, showing the Internal oblique,
Cremaster, and spermatic canal.

X^

The aponeurosis of the External oblique should be removed by dividing it across in the
same direction as the external incisions, and reflecting it downwards and outwards great
The lower
care is requisite in separating it ft-om the aponeurosis of the muscle beneath.
part of the Internal oblique and the Cremaster are then exposed, together with the
inguinal canal, which contains the spermatic cord (fig. 690). The mode, of insertion of
Poupart's and Gimbernat's ligaments into the os pubis should also be examined.
;

Poupart's ligament, or the crural arch, is the lower border of the aponeurosis
External oblique muscle, which extends from the anterior superior spine
Erom this latter point it is reflected
of the ilium to the spine of the os pubis.
outwards to be attached to the pectineal line for about half an inch, forming
Gimbernat's ligament. Its general direction is curved downwards towards the
thigh, where it is continuous with the fascia lata.
Its outer half is rounded and
oblique in direction its inner half gradually widens at its attachment to the os
of the

:

pubis,

is

more horizontal

Giml)ernat's ligament

in direction,
(fig.

698)

is

and

lies

beneath the spermatic cord.

that portion of the External oblique muscle

THE CEEMASTEE
which

is

reflected

downwards and outwards from the spine

inserted into the pectineal hne.

male than
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It is

of the os pubis to be
about half an inch in length, larger in the

in the female, almost horizontal in direction in the erect posture,

and

with the base directed outwards. Its base or outer margin
is concave, thin, and sharp, and lies in contact with the crural sheath, forming
the inner boundary of the crural ring (see fig. 698). Its apex corresponds to
Its posterior margin is attached to the pectineal line,
the spine of the os pubis.
and is continuous with the pubic portion of the fascia lata. Its anterior margin
is continuous mth Poupart's ligament.
The triangular ligament of the abdomen is a band of tendinous fibres, of a
triangular shape, which is attached by its apex to the pectineal line, where it is
continuous with Gimbernat's ligament. It passes inwards beneath the spermatic
cord, and expands into a somewhat fan-shaped fascia, lying behind the inner
pillar of the external abdominal ring, and in front of the conjoined tendon, and
interlaces with the ligament of the other side at the linea alba.
The Internal oblique muscle has been previously described (page 451). The
part which is now exposed is partly muscular and partly tendinous in structure.
Those fibres which arise from Poupart's ligament, few in number, and paler in
colour than the rest, arch downwards and inwards across the spermatic cord,
and, becoming tendinous, are inserted conjointly with those of the Transversalis
into the crest of the os pubis and pectineal line, forming what is known as the
conjoined tendon of the Internal obhque and Transversalis. This tendon is
inserted immediately behind the external abdominal ring, serving to protect what
would otherwise be a weak point in the abdominal wall. Sometimes this tendon
is insufficient to resist the pressure from within, and is carried forwards in front
of the protrusion through the external ring, forming one of the coverings of
direct inguinal hernia
or the hernia forces its way through the fibres of the
conjoined tendon.
The Cremaster is a thin muscular layer, composed of a number of fasciculi
which arise from the middle of Poupart's ligament at the inner side of the Internal
oblique, being connected with that muscle, and also occasionally with the
Transversalis.
It passes along the outer side of the spermatic cord, descends
with it through the external ring upon the front and sides of the cord, and forms
a series of loops, which differ in thickness and length in different subjects.
Those at the upper part of the cord are exceedingly short, but they become in
succession longer and longer, the longest reaching down as low as the testicle,
where a few are inserted into the tunica vaginalis. These loops are united
together by areolar tissue, and form a thin covering over the cord and testis, the
The fibres ascend along the inner side of the cord, and are
fascia cremasterica.
inserted by a small pointed tendon into the crest of the os pubis, and front of
the sheath of the Pectus muscle.
It will be observed that the origin and insertion of the Cremaster is precisely
This fact affords an
similar to that of the lower fibres of the Internal oblique.
easy explanation of the manner in which the testicle and cord are invested by
this muscle.
At an early period of foetal life the testis is placed at the lower and
back part of the abdominal cavity, but during its descent towards the scrotum,
which takes place before birth, it passes beneath the arched border of the Internal
In its passage beneath this muscle some fibres are derived from its
oblique.
lower part, which accompany the testicle and cord into the scrotum.
It occasionally happens that the loops of the Cremaster surround the cord,
some lying behind as well as in front. It is probable that, under these circumof a triangular form,

;

stances, the testis, in

its

descent, passes through, instead of beneath, the fibres

of the Internal oblique.
of an oblique inguinal hernia, which takes the same course as
spermatic cord, the Cremaster muscle forms one of its coverings. This
muscle becomes largely developed in cases of hydrocele and large old scrotal
hernise.
No such muscle exists in the female, but an analogous structure is

In the descent

the
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developed in those cases where an oblique inguinal hernia descends beneath the
margin of the Internal oblique.

The Internal oblique should be detached from Poupart's ligament, separated from the
Transversalis to the same extent as in the previous incisions, and reflected inwards on to
The circumflex iliac vessels, which lie between these
the sheath of the Rectus (fig. 691).
two muscles, form a valuable guide to their separation.

The Transversalis muscle has been previously described (page 453). The part
this
is now exposed is partly muscular and partly tendinous in structure
portion arises from the outer third of Poupart's ligament, its fibres curve downwards and inwards, and are inserted together with those of the Internal oblique
into the lower part of the linea alba, into the crest of the os pubis and pectineal
line, forming what is known as the conjoined tendon of the Internal oblique and
w^hich

;

Fig. 691.

—-Inguinal hernia,

showing the Transversalis muscle, the transversalis
and the internal abdominal ring.

fascia,

Internal

abdominal ring

EiJigastric arterij

Between the lower border of this muscle and Poupart's ligament,
which is seen the fascia transversalis.
The inguinal or spermatic canal contains the spermatic cord in the male, and
the round ligament in the female. It is an oblique canal, about an inch and a
half in length, directed downwards and inwards, and placed parallel with, and a
little above, Poupart's ligament. It commences, above, at the internal abdominal
and termiring, which is the point where the cord enters the spermatic canal
nates, below, at the external ring.
It is bovmded, in front, by the integument
and superficial fascia, by the aponeurosis of the External oblique throughout its
whole length, and by the Internal oblique for its ou.ter third behind, by the
triangular ligament, the conjoined tendon of the Internal oblique and Transversalis, transversalis fascia, and the subperitoneal fat and peritoneum
above, by
the arched fibres of the Internal oblique and Transversalis below, by the union

Transversalis.

a space

is left

in

;

;

;

;

of the fascia transversalis

with Poupart's ligament. That form of protrusion in
of the spermatic cord along the spermatic

which the intestine follows the course
canal

is

called oblique inguinal hernia.

•
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The

fascia transversalis is a thin aponeurotic membrane, whicli hes between
inner surface of the Transversalis muscle and the peritoneum. It forms part
of the general layer of fascia which lines the interior of the abdominal and pelvic
cavities, and is directly continuous with the iliac and pelvic fasciae.
tlie

In the inguinal region, the transversahs fascia is thick and dense in structure,
and joined by fibres from the aponeurosis of the Transversalis muscle but it
becomes thin and cellular as it ascends to the Diaphragm. Below, it has the
;

following attachments

external to the femoral vessels

it is connected to the
there continuous with the ihac
Internal to the vessels it is thin, and attached to the os pubis and
fascia.
pectineal line behind the conjoined tendon, with which it is united; and,
corresponding to the points where the femoral vessels pass into the thigh, this
fascia descends in front of them, forming the anterior wall of the crural sheath.
The spermatic cord in the male, and the round ligament in the female, pass
through this fascia the point where they pass through is called the internal or
:

posterior margin of Poupart's ligament, and

is

;

deep abdominal

ring.

This opening is not visible externally owing to a prolongaon these structures, forming the infundibuliform

tion of the transversalis fascia
fascia.

The internal or deep abdominal ring is situated in the transversahs fascia,
midway between the anterior superior spine of the ilium and the symphysis
and about half an inch above Poupart's ligament. It is of an oval form,
the extremities of the oval directed upwards and downwards it varies in size
in different subjects, and is much larger in the male than in the female.
It is
pubis,

;

bounded, above and externally, by the arched fibres of the Transversalis muscle,
below and internally by the deep epigastric vessels. It transmits the spermatic
cord in the male, and the round ligament in 'the female.
From its circumference a thin, funnel-shaped membrane, the infundihuliform fascia, is continued
round the cord and testis, enclosing them in a distinct pouch.
When the sac
of an oblique inguinal hernia passes through the internal or deep abdominal
ring, the infundibuliform process of the transversalis fascia forms one of its
coverings.

The subperitoneal areolar
peritoneum

tissue.

—Between the

fascia transversalis

and the

In some subjects it is of considerable thickness, and loaded with adipose tissue.
Opposite the internal ring
it is continued round the surface of the cord, forming a loose sheath for it.
The deep ejngastric artery arises from the external iliac artery a few lines
above Poupart's ligament. It at first descends to reach this ligament, and then
ascends obliquely along the inner margin of the internal or deep abdominal ring,
lying between the transversalis fascia and the peritoneum, and passing upwards
pierces the transversalis fascia and enters the sheath of the Pectus muscle just
below the semilunar fold of Douglas. Consequently the deep epigastric artery
bears a very important relation to the internal abdominal ring, as it passes
obliquely upwards and inwards, from its origin from the external iliac.
In this
part of its course it lies along the lower and inner margin of the internal ring,
and beneath the commencement of the spermatic cord. As it winds round the
internal abdominal ring it is crossed by the vas deferens in the male, and by the
round ligament in the female.
The peritoneum, corresponding to the inner surface of the internal ring,
presents a well-marked depression, the depth of which varies in different subjects.
A thin fibrous band is continued from it along the front of the cord for a variable
distance, and becomes ultimately lost.
This is the remains of the pouch of
peritoneum which, in the foetus, accompanies the cord and testis into the
scrotum the obliteration of which commences soon after birth. In some cases
the fibrous band can only be traced a short distance but occasionally it may be
followed, as a fine cord, as far as the upper end of the tunica vaginalis.
Sometimes the tube of peritoneum is only closed at intervals, and presents a sacculated
appearance or a single pouch may extend along the whole length of the cord,
is

a quantity of loose areolar tissue.

;

;

;

4C
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which may be closed above or the pouch may be directly continuous with the
peritoneum by an opening at its upper part.
In the female (in the foetus) the peritoneum is also prolonged in the form of
;

This process is
a tubular process for a short distance into the inguinal canal.
It is generally obliterated in the adult, but sometimes
called the canal of Nuck.

remains pervious even in advanced life.
pouch which accompanies the descent of the

it

It is

analogous to the peritoneal

testis.

In order to understand the relation of the peritoneum to inguinal hernia, it is
necessary to view the anterior abdominal wall from its intei"nal aspect, when it
Between the upper margin of the front
will be seen as shown in fig. 692.
Fig. 692.

— Posterior view of the anterior abdominal' wall

neum

is

in place,

in its lower half.

and the various cords are shining through.

Plica hypogastrica

The

perito-

(After Joessel.)

Plica urachi

col artery

when viewed from behind,
with intervening depressions,
by more or less prominent bands which converge to the umbilicus. One of
these is situated in the median line, and is caused by the urachus, the remnant
of the allantois it extends from the summit of the bladder to the umbilicus.
The
fold of peritoneum covering it is known as the x^^'^c^^ urachi.
On either side
of this is a prominent band, caused by the obliterated hypogastric artery,
which extends from the side of the bladder obhquely upwards and inwards to
the umbihcus. This is covered by a fold of peritoneum, which is known as the
plica hypogastrica.
To either side of these three cords is the deep epigastric
of

the pelvis and the umbilicus, the peritoneum,

will be seen to be raised into five vertical folds,

;
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artery, which ascends obhqnely upwards and inwards from a point midway
between the symphysis pubis and the anterior superior spine of the ihum to the
semilunar fold of Douglas, beneath which it disappears. It is covered by a fold
of peritoneum, which is known as the plica epigastrica.
Between these raised
folds are depressions of the peritoneum, constituting so-called fossse.
The most
between the plica urachi and the plica hypogastrica, is known as the

internal,

internal inguinal fossa {fovea supravesicalis).
The middle one is situated
between the plica hypogastrica and the phca epigastrica, and is termed the
middle inguinal fossa (fovea inguinalis mesialis). The external one is external to
the plica epigastrica, and is known as the external inguinal fossa (fovea inguinalis
Occasionally the deep epigastric artery corresponds in position to the
lateralis).
obliterated hypogastric artery, and then there is but one fold, and the two
external fossae are merged into one. In the usual condition of the parts the floor of
the external inguinal fossa corresponds to the internal abdominal ring, and into this
fossa an oblique inguinal hernia descends. To the inner side of the plica epigastrica
are the two internal fossae, and through either of these a direct hernia may
descend, as will be explained in the sequel (page 11 26)'. The whole of this space,
that is to say, the space between the deep epigastric artery, the margin of the
Eectus and Poupart's ligament, is commonly known as Hesselbach's triangle.
These three depressions or fossae are situated above the level of Poupart's
ligament, and in addition to them is another below the ligament, corresponding
to the position of the femoral ring, and into which a femoral hernia descends.

Inguinal Hernia
Inguinal hernia

abdomen

is

that form of protrusion

which makes

its

way through

the

in the inguinal region.

There are two principal varieties

of inguinal hernia

— external or oblique, and

internal or direct.

External or oblique inguinal hernia, the more frequent of the two, takes the
It is called external, from the neck of the sac
as the spermatic cord.
being on the outer or iliac side of the deep epigastric artery.
Internal or direct inguinal hernia does not follow the same course as the cord,
but protrudes through the abdominal wall on the inner or pubic side of the deep

same course

epigastric artery.

Oblique Inguinal Heenia
In oblique inguinal hernia the intestine escapes from the abdominal cavity at
it a pouch of peritoneum, which forms the hernial
sac (fig. 694, a). As it enters the inguinal canal it receives 'an investment from
the subserous areolar tissue, and is enclosed in the infundibuliform process of the
In passing along the inguinal canal it displaces upwards the
transversalis fascia.
arched fibres of the Transversalis and Internal oblique muscles, and is surrounded
by the fibres of the Cremaster. It then passes along the front of the cord, and
escapes from the inguinal canal at the external ring, receiving an investment from
the intercolumnar fascia. Lastly, it descends into the scrotum, receiving coverings
from the superficial fascia and the integument.
The coverings of this form of hernia, after it has passed through the external
ring, are, from without inwards, the integument, superficial fascia, intercolumnar
fascia, Cremaster muscle, infundibuliform fascia, subserous areolar tissue, and
peritoneum.
This form of hernia lies in front of the vessels of the spermatic cord, and
seldom extends below the testis, on account of the intimate adhesion of the
coverings of the cord to the tunica vaginalis.
the internal ring, pushing before

The seat of stricture in oblique inguinal hernia is either at the external ring
in the inguinal canal, caused by the fibres of the Internal oblique or Transversalis

402

;

;
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or at the internal ring

;

most frequently

in the latter situation.

few
the replacement

fibres at

at the external ring, the division of a
is all

that

is

necessary for

one point

of the hernia.

If

of its

it is

situated

circumference

If in the inguinal canal,

may

be necessary to divide the aponeurosis of the
External oblique so as to lay open the inguinal canal. In dividing the stricture,
the direction of the incision should be upwards.
When the intestine passes along the spermatic canal, and escapes from the
external ring into the scrotum, it is called complete oblique inguinal, or scrotal
If the intestine does not escape from the external ring, but is retained in
hernia.
or at the internal ring,

it

—

Fig. 693. -Oblique inguinal hernia, showing its various coverings.
(From a
preparation in the Museum of the Eoyal College of Surgeons.)
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the inguinal canal, it is called incomplete inguinal hernia, or bubonocele.
In each
of these cases, the coverings which invest it will depend upon the extent to which
it descends in the inguinal canal.
Thei-e are some other varieties of oblique inguinal hernia depending upon
congenital defects in the processus vaginalis. The testicle in its descent from the

abdomen into the scrotum is accompanied by a pouch of peritoneum, which about
the period of birth becomes shut off from the general peritoneal cavity by a
closure of that portion of the pouch which extends from the internal abdominal
ring to near the upper part of the testicle the lower portion of the pouch re;

maining persistent as the, tunica vaginahs. It would appear that this closure
commences at two points, viz. at the internal abdominal ring, and at the top of
the epididymis, and gradually extends until, in the normal condition, the whole
of the intervening portion is

converted into a fibrous cord.

From

failure in the
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completion of this process, variations in the relation of the hernial protrusion to
the testicle and tunica vaginalis are produced, which constitute distinct varieties
Fig. 694.

Sao

—Varieties of oblique inguinal hernia.

of_

herniaT

Sac of hernia

Tunica
vaginalis

Tunica vaginalis)/

E.

process.

Hernia iuto the funicular process.

and v^^hich have received separate names, and are of surgical
These are congenital, infantile, encysted, and hernia of the funicular

of inguinal hernia,

importance.

htJ-nia

1 1
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Congenital hernia (fig. 694, b). Where the pouch of peritoneum which
accompanies the cord and testis in its descent remains patent throughout, and is
unclosed at any point, the cavity of the tunica vaginalis communicates directly
with tlie peritoneum. The intestine descends along this pouch into the cavity of
the tunica vaginalis, which constitutes the sac of the hernia, and the gut lies in
contact with the testicle.
Infantile and encysted hernia.- Wliere the ]Douch of peritoneum is occluded
at the internal ring only, and remains patent throughout the rest of its extent,
two varieties of oblique inguinal hernia may be produced, which have received the
names of infantile and encysted hernia. In the infantile form (fig. 694, c) the
bowel pressing upon the septum and the peritoneum in its immediate neighbourhood causes it to yield and form a sac, which descends behind the tunica vaginalis
so that, in front of the bowel, there are three layers of peritoneum, the two layers
of the tunica vaginalis and its own sac. In the encysted form (fig. 694, d) pressure in
the same position namely,'at the occluded spot in the pouch causes the septum
to yield and form a sac which projects into and not behind the tunica vaginalis, as

—

;

—

—

in the infantile form, and thus it constitutes a sac within a sac, so that in front of
the bowel there are two layers of peritoneum, one layer of the tunica vaginalis and
its

own

sac.

—

Hernia into the funicular process (fig. .694, e). Where the pouch of peritoneum is occluded at the lower point only, that is, just above the testicle, the
intestine descends into the pouch of peritoneum as far as the testicle, but is
prevented from entering the sac of the tunica vaginalis by the septum which has
formed between it and the pouch, so that it resembles the congenital form in all
respects, except that, instead of enveloping the testicle, that body can be felt below
'

the rupture.

Direct Inguinal Hernia
In direct inguinal hernia the protrusion makes its
the abdominal wall internal to the epigastric artery.

way through some

part of

At the lower part of the abdominal wall is a triangular space [Hesselbach's
bounded, externally, by the deep epigastric artery internally, by the
margin of the Eectus muscle
below, by Poupart's ligament. The conjoined
tendon is stretched across the inner two-thirds of this space, the remaining portion
of the space having only the subperitoneal areolar tissue, and the transversalis
fascia between the peritoneum and the aponeurosis of the External oblique muscle.
In some cases the hernial protrusion escapes from the abdomen on the outer side
of the conjoined tendon, pushing before it the peritoneum, the subserous areolar
tissue, and the transversalis fascia.
It then enters the inguinal canal, passing
along nearly its whole length, and finally emerges from the external ring, receiving an investment from the intercolumnar fascia. The coverings of this form of
hernia are precisely similar to those investing the oblique form, with the insignificant difference that the infundibuliform fascia is replaced by a portion derived
from the general layer of the fascia transversalis.
In other cases, and this is the more frequent variety, the hernia is either forced
through the fibres of the conjoined tendon, or the tendon is gradually distended in
front of it, so as to form a complete investment for it.
The intestine then enters
the lower end of the inguinal canal, escapes at the external ring, lying on the inner
side of the cord, and receives additional coverings from the superficial fascia and
the integument. This form of hernia has the same coverings as the oblique
variety, excepting that the conjoined tendon is substituted for the Cremaster,
and the infundibuliform fascia is replaced by a portion derived from the general
triangle),

;

;

layer of the fascia transversalis.
The difference between the position of the neck of the sac in these two forms
of direct inguinal hernia has been referred, with some probability, to a difference
in the relative positions of the obliterated hypogastric artery and the deep
epigastric artery.

When

the course of the obliterated hypogastric artery corre-
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spends pretty nearly with that of the deep epigastric, the projection of these
towards the cavity of the abdomen produces two fosste in the peritoneum.
The bottom of the external fossa of the peritoneum corresponds to the position of
the internal abdominal ring, and a hernia which distends and pushes out' the
peritoneum lining this fossa is an oblique hernia. When, on the other hand, the
arteries

obliterated hypogastric artery lies considerably to the inner side of the deep
epigastric artery, corresponding to the outer margin of the conjoined tendon, it

divides the triangle of Hesselbach into

two parts, so that three depressions will
be seen on the inner surface of the lower part of the abdominal wall viz. an
external one, on the outer side of the deep epigastric artery; a middle one,
between the deep epigastric and the obliterated hypogastric arteries and an
internal one, on the inner side of the obliterated hypogastric artery (see page 1122).
In such a case a hernia may distend and push out the peritoneum forming the
bottom of either fossa. When the hernia distends and pushes out the peritoneum
forming the bottom of the external fossa, it is an oblique or external inguinal
hernia.
When the hernia distends and pushes out the peritoneum forming the
bottom of either the middle or the internal fossa, it is a direct or internal hernia.
The anatomical difference between these two forms of direct or internal inguinal
hernia is that, when the hernia protrudes through the middle fossa that is, the
fossa between the deep epigastric and the obliterated hypogastric arteries
it will
enter the upper part of the inguinal canal consequently its coverings will be the
same as those of an oblique hernia, with the insignificant difference that the
infundibuliform fascia is replaced by a portion derived from the general layer of
the fascia transversalis, whereas when the hernia protrudes through the internal
fossa it is either forced through the fibres of the conjoined tendon, or the tendon is
gradually distended in front of it, so as to form a complete investment for it. The
intestine then enters the lower part of the inguinal canal, and escapes from the
external abdominal ring lying on the inner side of the cord.
This form of hernia has the same coverings as the oblique variety, excepting
that the conjoined tendon is substituted for the Cremaster, and the infundibuliform fascia is replaced by a portion derived from the general layer of the fascia
:

;

—

—

;

transversalis.

The seat
neck

of stricture in both varieties of direct hernia is most frequently at the
In that form of hernia which perforates

of the sac, or at the external ring.

the conjoined tendon,

which the gut passes.

it

not unfrequently occurs at the edges of the fissure through
In dividing the stricture, the incision should in all cases

be directed upwards.*
If the hernial protrusion passes into the inguinal canal, but does not escape
from the external abdominal ring, it forms what is called incomplete direct
This form of hernia is usually of small size, and in corpulent persons
hernia.
very difficult of detection.
Direct inguinal hernia is of much less frequent occurrence than the oblique,
their comparative frequency being, according to Cloquet, as one to five. It occurs
far more frequently in men than in women, on account of the larger size of the
external ring in the former sex. It differs from the oblique in its smaller size and
globular form, dependent most probably on the resistance offered to its progress
It differs also in its position,
fascia and conjoined tendon.
being placed over the os pubis, and not in the course of the inguinal canal. The
deep epigastric artery runs on the outer or iliac side of the neck of the sac, and
the spermatic cord along its external and posterior side, not directly behind it, as
in oblique inguinal hernia.

by the transversalis

* In all cases of inguinal hernia, whether oblique or direct, it is proper to divide the
stricture directly upwards
the reason of this is obvious, for by cutting in this direction the
incision is made parallel to the deep epigastric artery— either external to it, in the oblique
and thus all chance of wounding
variety
or internal to it, in the direct form of hernia
the vessel is avoided. If the incision was made outwards, the artery might be divided if
the hernia was direct and if made inwards it would stand an equal chance of injury if the
case was one of oblique inguinal hernia.
;

;

;

;

;
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The dissection of the parts comprised in the anatomy of femoral hernia should be
performed, if possible, upon a female subject free from fat. The subject should lie upon
its back
a block is first placed under the pelvis, the thigh everted, and the knee slightly
An incision should then be made fi'om the anterior
bent, and retained in tliis position.
superior spinous process of the ilium along Poupart's ligament to the symphysis pubis
a second incision should be carried transversely across the thigh about six inches beneath
the preceding and these are to be connected together by a vertical one carried along the
inner side of the thigh. These several incisions should divide merely the integument
this is to be reflected outwards, when the superficial fascia will be exposed.
;

;

The

whole of the thigh,
meshes much fat, and capable of
between which are found the superficial

superficial fascia forms a continuous layer over the

consisting of areolar tissue, containing in

its

being separated into two or more layers,
It varies in thickness in different parts of the limb.
In the
vessels and nerves.
groin it is thict, and the two layers are separated from one another by the superficial inguinal lymphatic glands, the internal saphenous vein, and several smaller
vessels.
One of these layers, the superficial, is continuous with the superficial
fascia of the

abdomen.

The superficial layer should be detached by dividing it across in the same direction
as the external incisions
its removal will be facilitated bj' commencing at the lower
and inner angle of the space, detaching it at first from the front of the internal saphenous
vein, and dissecting it off from the anterior surface of that vessel and its tributaries
it
should then be reflected ouiwards, in the same manner as the integument. The cutaneous
vessels and nerves, and superficial inguinal glands, are then exposed, lying upon the deep
layer of the superficial fascia.
These are the internal saphenous vein, and the superficial
epigastric, superficial circumflex iliac, and superficial external pudic vessels, as well as
numerous lymphatics ascending with the saphenous vein to the inguinal glands.
;

;

The internal or long saphenous vein ascends along the inner side of the thigh,
and, passing through the saphenous opening in the fascia lata, terminates in the
femoral vein about an inch and a half below Poupart's ligament. This vein
at the saphenous opening, the superficial epigastric, the superficial
circumflex iliac, and the superficial external pudic veins.
The superficial external pudic artery (superior) arises from the inner side of
the femoral artery, and, after passing through the saphenous opening, courses
inwards, across the spermatic cord, to be distributed to the integument on the
lower part of the abdomen, the penis and scrotum in the male, and the labium in
the female, anastomosing with branches of the internal pudic.
The superficial epigastric artery arises from the femoral, about half an inch
below Poupart's ligament, and, passing through the saphenous opening in the
fascia lata, ascends on to the abdomen, in the superficial fascia covering the
External oblique muscle, nearly as high as the umbilicus. It distributes branches
to the superficial inguinal lymphatic glands, the superficial fascia, and the integument, anastomosing with branches of the deep epigastric and internal mammary

receives,

arteries.

The

,'.'

the smallest of the cutaneous branches,
arises close to the preceding, and, piercing the fascia lata, runs outwards, parallel
with Poupart's ligament, as far as the crest of the ilium, dividing into branches
which supply the superficial inguinal lymphatic glands, the superficial fascia and
sup)erficial circumflex iliac artery,
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the integument of the groin, anastomosing with the deep circumflex
with the gluteal and external circumflex arteries.

The
usually

superficial veins.

much

— The veins accompanying

larger than the arteries

iliac,

and

these superficial arteries are

they terminate in the internal or long
saphenous vein at the saphenous opening.
The superficial inguinal lymphatic glands, placed immediately beneath the
integument, are of large size, and vary from eight to ten in number. They are
divisible into two groups an upper, disposed irregularly along Poupart's ligament,
which receive the lymphatic vessels from the integument of the scrotum, penis,
:

:

parietes of the
of the urethra

;

abdomen, perineal and gluteal regions, and the mucous membrane
and an inferior group, which surround the saphenous opening in
Fig. 695.

— Femoral hernia.

Superficial dissection.

the fascia lata, a few being sometimes continued along the saphenous vein to a
This latter group receive the superficial lymphatic vessels from
the lower extremity.
The ilio-inguinal nerve arises from the first lumbar nerve. It escapes at the
external abdominal ring, and is distributed to the integument of the upper and
inner part of the thigh to the scrotum in the male, and to the labium in the
female.
The size of this nerve is in inverse proportion to that of the ilio-hypogastric.
Occasionally it is very small, and ends by joining the ilio-hypogastric
in such cases a branch of the ilio-hypogastric takes the place of the ilio-inguinal,
The crural branch of the genitoor the latter nerve may be altogether absent.
crural nerve passes along the inner margin of the Psoas muscle, beneath Poupart's
ligament, into the thigh, entering the sheath of the femoral vessels, and lying
superficial and a little external to the femoral artery.
It pierces the anterior
variable extent.

:

:
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layer of the sheath of the vessels, and, becoming superficial by passing through the
fascia lata, it supplies the skin of the anterior aspect of the thigh as far as mid-

On the front of the thigh it communicates with
the pelvis and knee.
the outer branch of the middle cutaneous nerve, derived from the anterior crural.
The deep layer of the sujyerficial fascia is a very thin fibrous layer, best marked
way between

on the inner side of the long saphenous vein and below Poupart's ligament. It
is placed beneath the subcutaneous vessels and nerves, and upon the surface of
the fascia lata, to which it is intimately adherent at the lower margin of Poupart's
ligament. It covers the saphenous opening in the fascia lata, is closely united
to its circumference, and is connected to the sheath of the femoral vessels correFiG. 696.

— Femoral hernia, showing fascia lata and saphenous opening.

spending to its vmder surface. The portion of fascia covering this aperture is
perforated by the internal saphenous vein, and by numerous blood and lymphatic
vessels hence it has been termed the cribriform fascia, the openings for these
vessels having been likened to the holes in a sieve.
The cribriform fascia adheres
;

and to the fascia lata, so that it is described
by some anatomists as a part of the fascia lata, but it is usually considered (as
in this work) as belonging to the superficial fascia.
It is not till the cribriform
fascia has been cleared away that the saphenous opening is seen, so that this
opening does not in ordinary cases exist naturally, but is the result of dissection.
A femoral hernia, in passing through the saphenous opening, receives the cribriform fascia as one of its coverings.
The deep layer of superficial fascia, together with the cribriform fascia,
having been removed, the fascia lata is exposed.
The fascia lata has been already described with the muscles of the front of
the thigh (page 510). At the upper and inner part of the thigh, a little below
closely both to the superficial fascia
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Poupart's ligament, a large oval-shaped aperture is observed after the superficial
fascia has been cleared away; it transmits the internal saphenous vein and
other smaller vessels, and is called the saphenous opening.
In order the more
correctly to consider the mode of formation of this aperture, the fascia lata in
this part of the thigh is described as consisting of two portions, an iliac portion
and a pubic portion.
The iliac jportion is all that part of the fascia lata, on the outer side of the
saphenous opening. It is attached externally to the crest of the ilium and its
anterior superior spine to the whole length of Poupart's ligament as far internally
and to the pectineal line in conjunction with
as the spine of the os pubis
Gimbernat's ligament. Prom the spine of the os pubis it is reflected downwards
and outw^ards, forming an arched margin, the outer boundary, or falciform process
or superior cornu of the saphenous opening.
This margin overlies and is
adherent to the anterior layer of the sheath of the femoral vessels to its edge is
attached the cribriform fascia, and, below, it is continuous with the pubic portion
of the fascia lata.
Tlhe imhic portion of the fascia lata is situated at the inner side of the saphenous
opening at the lower margin of this aperture it is continuous with the iliac
portion traced upwards, it covers the surface of the Pectineus, Adductor longus,
and Gracilis muscles and, passing behind the sheath of the femoral vessels, to
which it is closely united, is continuous with the sheath of the Psoas and Iliacus
muscles, and is attached above to the ilio-pectineal line, where it becomes
continuous with the fascia covering the Iliacus muscle. From this description it
may be observed that the iliac portion of the fascia lata passes in front of the
femoral vessels and the pubic portion behind them, so that an apparent aperture
consequently exists between the two, through which the internal saphenous joins
the femoral vein.
The saphenous opening is an oval-shaped aperture, measuring about an inch
and a half in length, and half an inch in width. It is situated at the upper and
inner part of the front of the thigh, below Poupart's ligament, and is directed
obliquely downwards and outwards.
Its outer margin is of a semilunar form, thin, strong, sharply defined, and lies
on a plane considerably anterior to the inner margin. If this edge is traced
;

;

;

;

;

;

form a curved elongated process, ih.e falciform process,
which ascends in front of the femoral vessels, and, curving
inwards, is attached to Poupart's ligament and to the spine of the os pubis and
pectineal line, where it is continuous with the pubic portion. If traced downwards, it is found continuous with another curved margin, the concavity of which
is directed upwards and inwards
this is the inferior cornu of the saphenous
opening, and is blended with the pubic portion of the fascia lata covering the
upwards,

it

will be seen to

or superior cornu,

:

Pectineus muscle.
The inner boundary of the opening is on a plane posterior to the outer margin
and behind the level of the femoral vessels it is much less prominent and
defined than the outer, from being stretched over the subjacent Pectineus muscle.
It is through the saphenous opening that a femoral hernia passes after descending
along the crural canal.
If the finger is introduced into the saphenous opening while the limb is
moved in different directions, the aperture will be found to be greatly constricted
on extending the limb or rotating it outwards, and to be relaxed on flexing the
limb and inverting it
hence the necessity for placing the limb in the latter
position in employing the taxis for the reduction of a femoral hernia.
;

:

portion of the fascia lata, but not its falciform process, should now be removed
it from the lower margin of Poupart's ligament, carefully dissecting it from the
subjacent structures, and turning it inwards, when the sheath of the femoral vessel is
exposed descending beneath Poupart's ligament (fig. 697).

The

iliac

by detaching

Poupart's ligament, or the crural arch, is the lower border of the aponeurosis
External oblique muscle, which extends from the anterior superior spine

of the
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From this latter point it is reflected
of the ilium to the spine of the os pubis.
outwards, to be attached to the pectineal line for about half an inch, forming
Gimbernat's ligament. Its general direction is curved downwards towards the
Its outer half is rounded and
thigh, where it is continuous with the fascia lata.
Its inner half gradually widens at its attachment to the os
oblique in direction.
pubis, is more horizontal in direction, and lies beneath the spermatic cord.
Nearly the whole of the space included betw^een the crural arch and innominate
bone is filled in by the parts which descend from the abdomen into the thigh
The outer half of the space is occupied by the Ihacus and Psoas muscles,
(fig. 698).
The pubic half
together with the external cutaneous and anterior crural nerves.
Fig. 697.

— Femoral hernia.

Iliac portion of fascia lata removed, and sheath of
femoral vessels and femoral canal exposed.

space is occupied by the femoral vessels included in their sheath a small
oval-shaped interval existing between the femoral vein and the inner wall of the
sheath, which is occupied merely by a little loose areolar tissue, a few lymphatic
vessels, and occasionally by a small lymphatic gland
this is the crural ring,
through which the gut descends in femoral hernia.
Gimbernat's ligament (figs. 698, 699) is that part of the aponeurosis of the
External oblique muscle which is reflected downwards and outwards, from the
spine of the os pubis, to be inserted into the pectineal line.
It is about half an
inch in length, larger in the male than in the female, almost horizontal in direction
in the erect posture, and of a triangular form, with the base directed outwards.
Its base, or outer margin, is concave, thin, and sharp, and lies in contact with
of the

;

:

the crural sheath.

Its a2Jex corresponds to the spine of the os pubis,
lis posterior
attached to the pectineal line, and is continuous with the pubic portion of the fascia lata.
Its anterior margin is continuous with Poupart's ligament.

margin

is

CEUEAL SHEATH
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— The femoral

or crural sheath is a contmuation downwards
abdomen, the transversalis fascia passing down in
front of the femoral vessels, and the iliac fascia descending behind them
these
fasciae are directly continuous on the iliac side of the femoral artery, but a small
space exists between the femoral vein and the point where they are continuous
on the pubic side of that vessel, which constitutes the femoral or crural canal.
The femoral sheath is closely adherent to the contained vessels about an inch
below the saphenous opening, being blended with the areolar sheath of the

Crural sheath.

of the fascias that line the

;

vessels, but opposite Poupart's ligament

contain

them

it

is

much

larger than

hence the funnel-shaped form which

;

Fie. 698.

it

is

presents.

required to
The outer

— Structures which pass beneath the crural arch.
External

Cimal

PoupMi's ligament
\
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\
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\
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border of the sheath is perforated by the genito-crural nerve. Its inner border
pierced by the internal saphenous vein and numerous lymphatic vessels. In
and behind it is the
front, it is covered by the ihac portion of the fascia lata
pubic portion of the same fascia.
If the anterior wall of the sheath is removed, the femoral artery and vein are
seen lying side by side, a thin septum separating the two vessels, while another
septum may be seen lying just internal to the vein, and cutting off a small space
between the vein and the inner wall of the sheath. The septa are stretched
between the anterior and posterior walls of the sheath, so that each vessel is
enclosed in a separate compartment. The interval left between the vein and the

is

;

inner wall of the sheath is not filled up by any structure, excepting a little loose
areolar tissue, a few lymphatic vessels, and occasionally by a small lymphatic
gland this is the femoral or crural canal, through which the intestine descends
in femoral hernia.
;

1
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Deep crural arch. Passing across the front of the crural sheath on the
abdominal side of Poupart's ligament, and closely connected with it, is a
thickened band of fibres, called the deep crural arch. It is apparently a thickening of the fascia trans versalis, joining externally to the centre of Poupart's
ligament, and arching across the front of the crural sheath, to be inserted by a
broad attachment into the pectineal line, behind the conjoined tendon. In some
subjects this structure

is

not very prominently marked, and not unfrequently

it is

altogether wanting.

The crural canal is the narrow interval between the femoral vein and the
inner wall of the crural sheath. It exists as a distinct canal only when the
sheath has been separated from the vein by dissection, or by the pressure of a
hernia or tumour. Its length is from a quarter to half an inch, and it extends
from Gimbernat's ligament to the upper part of the saphenous opening.
Its anterior ivall is very narrow, and formed by a continuation downwards of
the fascia transversalis, under Poupart's ligament, covered by the falciform process of the fascia lata.
Its posterior tvall is formed by a continuation downwards of the iliac fascia
covering the pubic portion of the fascia lata.
Its outer wall is formed by the fibrous septum separating it from the inner
side of the femoral vein.
Its inner loall is formed by the junction of the processes of the transversalis
and iliac fasciae, which form the inner side of the femoral sheath, and lies in
contact, at its commencement, with the outer edge of Gimbernat's ligament.
This canal has two orifices an upper one, the femoral or crural ring, closed
by the septum crurale and a lower one, the saphenous opening, closed by the

—

;

cribriform fascia.

The femoral or crural ring (fig. 699) is the upper opening of the femoral canal,
and leads into the cavity of the abdomen. It is bounded, in front, by Poupart's
ligament and the deep crural arch behind, by the os pubis, covered by the
Pectineus muscle, and the pubic portion of the fascia lata internally, by the
base of Gimbernat's ligament, the conjoined tendon, the transversalis fascia, and
the deep crural arch externally, by the fibrous septum lying on the inner side
The femoral ring is of an oval form its long diameter,
of the femoral vein.
directed transversely, measures about half an inch, and is larger in the female
than in the male, which is one of the reasons of the greater frequency of femoral
hernia in the former sex.
The spermatic cord in the male, and roiuid
Position of parts aroimd the ring.
ligament in the female, lie immediately above the anterior margin of the femoral
ring, and may be divided in an operation for femoral hernia if the incision for the
In the female this is of little
relief of the stricture is not of limited extent.
importance, but in the male the spermatic artery and vas deferens may be divided.
The femoral vein lies on the outer side of the ring.
The deep epigastric artery, in its passage upwards and inwards from the
external iliac artery, passes across the upper and outer angle of the crural ring,
and is consequently in danger of being wounded if the strictra-e is divided in a
direction upwards and outwards.
The communicating branch between the deep epigastric and obturator lies in
;

;

;

;

—

front of the ring.

The circumference

thus seen to be bounded by vessels in every
It is in the former position that the
stricture is divided in cases of strangulated femoral hernia.
The obturator artery, when it arises by a common trunk with the deep epigastric, which occurs once in every three subjects and a half, bears a very
important relation to the crural ring. In some cases it descends on the inner
side of the external iliac vein to the obturator foramen, and will consequently lie
on the outer side of the crural ring, where there is no danger of its being wounded
in the operation for dividing the stricture in femoral hernia (see fig. 414, page
of the ring is

part, excepting internally

and behind.
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Occasionally, however, the obturator artery curves along the free
Gimbernat's ligament in its passage to the obturator foramen
it
would, consequently, skirt along the greater part of the circumference of the
crural ring, and could hardly avoid being wounded in the operation (see fig. 414,
page 636, fig. B).
Septum crurale. The femoral ring is closed by a layer of condensed
This serves as a barrier
areolar tissue, called, by J. Cloquet, the septum crurale.
Its upper surface is slightly
to the protrusion of a hernia through this part.
concave, and supports a small lymphatic gland, by which it is separated from the
subserous areolar tissue and peritoneum. Its under surface is turned towards
The septum crurale is perforated by numerous apertures for
the femoral canal.
the passage of lymphatic vessels, connecting the deep inguinal lymphatic glands
with those su.rrounding the external iliac artery.
636,

fig.

margin

A).

of

;

—

Fig. 699.

— Hernia.

The relations of the femoral and internal abdominal rings
seen from within the. abdomen. Right side.

The size of the femoral canal, the degree of tension of its orifices, and,
consequently, the degree of constriction of a hernia, vary according to the position
of the limb.
If the leg and thigh are extended, abducted, or everted, the
femoral canal and its orifices are rendered tense, from the traction on these parts
by Poupart's ligament and the fascia lata, as may be ascertained by passing the
finger along the canal.
If, on the contrary, the thigh is flexed upon the pelvis,
and at the same time adducted and rotated inwards, the femoral canal and its
orifices become considerably relaxed
for this reason the limb should always be
placed in the latter position when the application of the taxis is made in
;

attempting the reduction of a femoral hernia.
The stcbperitoneal areolar tissue is continuous with the subserous areolar
tissue of surrounding parts.
It is usually thickest and most fibrous where the
iliac vessels leave the abdominal cavity.
It covers over the small interval
In some subjects it contains
(crural ring) on the inner side of the femoral vein.
In such cases, where it is protruded
a considerable amount of adipose tissue.
forwards in front of the sac of a femoral hernia, it may be mistaken for a portion
of omentum.
The peritoneum lining the portion of the abdominal wall between
Poupart's ligament and the brim of the pelvis is similar to that lining any
It has here no natural
other portion of the abdominal wall, being very thin.
aperture for the escape of intestine.
:

1
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Descent of the hernia. From the preceding description it follows that the
femoral ring must be a weak point in the abdominal wall hence it is that, when
violent or long-continued pressure is made upon the abdominal viscera, a portion
of intestine may be forced into it, constituting a femoral hernia
and the changes
in the tissues of the abdomen which are produced by pregnancy, together with
the larger size of this aperture in the female, serve to explain the frequency of
this form of hernia in women.
When a portion of the intestine is forced through the femoral ring, it carries
before it a pouch of peritoneum, which forms what is called the hernial sac it
receives an investment from the subserous areolar tissue, and from the septum
crurale, and descends vertically along the crural canal in the inner compartment
of the sheath of the femoral vessels as far as the saphenous opening
at this
point it changes its course, being prevented from extending farther down the
sheath, on account of the narrowing of the sheath and its close contact with the
vessels, and also from the close attachment of the superficial fascia and crural
sheath to the lower part of the circumference of the saphenous opening the
tumour is, consequently, directed forw^ards, pushing before it the cribriform fascia,
and then curves upwards on to the falciform process of the fascia lata and lower part
of the tendon of the External oblique, being covered by the superficial fascia and
integument. While the hernia is contained in the femoral canal, it is usually of
small size, owing to the resisting nature of the surrounding parts but when it
has escaped from the saphenous opening into the loose areolar tissue of the groin,
The direction taken by a femoral hernia in its
it becomes considerably enlarged.
descent is at first downwards, then forwards and upwards this should be borne
in mind, as in the application of the taxis for the reduction of a femoral hernia
pressure should be directed in the reverse order.
Coverings of the hernia. The coverings of a femoral hernia, from within
outwards, are peritoneum, subserous areolar tissue, the septum crurale, crural
sheath, cribriform fascia, superficial fascia, and integument.*
If the intestine descends along the femoral
Varieties of femoral hernia.
canal only as far as the saphenous opening, and does not escape from this
The small size of the protrusion
aperture, it is called incomplete femoral hernia.
in this form of hernia, on account of the firm and resisting nature of the canal in
which it is contained, renders it an exceedingly dangerous variety of the disease,
from the extreme difficulty of detecting the existence of the swelling, especially
The coverings of an incomplete femoral hernia would be,
in corpulent subjects.
from without inwards integument, superficial fascia, falciform process of fascia
lata, crural sheath, septum crurale, subserous areolar tissue, and peritoneum.
W^hen, however, the hernial tumour protrudes through the saphenous opening,
and directs itself forwards and upwards, it forms a complete femoral hernia.
Occasionally the hernial sac descends on the iliac side of the femoral vessels, or
in front of these vessels, or even sometimes behind them.
The seat of stricture of a femoral hernia varies it may be in the peritoneum
in the greater number of cases it would appear to
at the neck of the hernial sac
be at the point of junction of the falciform process of the fascia lata with the
lunated edge of Gimbernat's ligament or at the margin of the saphenous opening in the thigh. The stricture should in every case be divided in a direction
upwards and inwards and the extent necessary in the majority of cases is
By these means, all vessels or other structures of
aloout two or three lines.
importance, in relation with the neck of the hernial sac, will be avoided.
:

;

;

;

;

;

;

—

:

—

:

:

;

;

;

* Sir Astley Cooper has described an investment for femoral hernia, under the name of
fascia propria,' lying immediately external to the peritoneal sac, bnt freqiiently separated
from it by more or less adipose tissue. Surgically, it is important to remember the
'

any rate, the occasional existence) of this layer, on accoimt of the ease with
which an inexperienced operator may mistake the fascia for the peritoneal sac, and the
contained fat for omentum. Anatomically, this fascia appears identical with what is called
subsei'ous areolar tissue,' the areolar tissue being thickened and caiised to
in the text
assume a membranous appearance by the pressure of the hernia.
existence (at

'

SUEGICAL ANATOMY
OP THE ISCHIO-EECTAL EEGION

AND PERINEUM
—

Dissection.
The student should select a well-developed muscular subject, free from
and the dissection should be commenced early, in order that the parts may be
examined in as recent a state as possible. A staff having been introduced into the
bladder, and the subject placed in the position shown in iig. 700, the scrotum should
be raised upwards, and retained in that position, and the rectum moderately distended
with tow.
fat,

The space which
subpubic ligament

;

now

examined corresponds to the inferior aperture
deep boundaries are, in front, the pubic arch and
behind, the tip of the coccyx and on each side, the rami of
is

or outlet of the pelvis.

to be

Its

;

the OS pubis and ischium, the tuberosities of the ischium, and great sacro-sciatic
ligaments.
The space included by these boundaries is somewhat lozenge-shaped,
and is limited on the surface of the body by the scrotum in front, by the buttocks

behind, and on each side by the inner side of the thighs.

A

line

drawn

trans-

versely between the anterior part of the tuberosity of the ischium, on each side,
in front of the anus, divides this space into two portions.
The anterior portion

contains the penis and urethra, and

is

The

called the perincettm.

portion contains the termination of the rectum, and

is

posterior

called the ischio-rectal

region.

ISCHIO-EECTAL EeGION

The

ischio-rectal region corresponds to the portion of the outlet of the pelvis

situated immediately behind the perinaeum

rectum and a deep fossa, filled with
it and the tuberosity of the ischium
:

The
around

fat,

integument

it

contains the termination of the
of the intestine, between

this is called the ischio-rectal fossa.

ischio-rectal region presents in the
this orifice the

:

on each side

is

middle line the aperture of the anus

thrown

numerous

into

folds,

;

which are

The integument is of a dark colour,
mucous membrane of the rectum, and provided with
numerous follicles, which occasionally inflame and suppurate, and may be
mistaken for fistulge. The veins round the margin of the anus are occasionally
much dilated, forming a number of hard pendent masses, of a dark bluish
colour, covered partly by mucous membrane and partly by the integument.
obliterated on distension of the intestine.

continuous with the

These tumours constitute the disease called

piles.

—

Dissection (fig. 700). Make an incision through the integument, along the median
carry it round
line, from the base of the scrotum to the anterior extremity of the anus
the margins of this aperture to its posterior extremity, and continue it backwards to about
an inch behind the tip of the coccyx. A transverse incision should now be carried across
the base of the scrotum, joining the anterior extremity of the preceding; a second, carried
and a thu-d at the posterior
in the same direction, should be made in front of the anus
extremity of the first incision. These incisions should be sufficiently extensive to enable
the dissector to raise the integument fi'om the inner side of the thighs. The flaps of
skin corresponding to the ischio-rectal region should now be removed. In dissecting the
integument from this region great care is required, otherwise the Corrugator cutis ani
and External sphincter will be removed, as they are intimately adherent to the skin.
:

;

4D

;

1
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exposed on the removal of the skin it is very thick,
much fat in its meshes. In it are found ramifying two or three cutaneous branches of the small sciatic nerve these turn round
the inferior border of the Gluteus maximus, and are distributed to the integument
around the anus.
In this region, and connected with the lower end of the rectum, are four
muscles the Gorrugator cutis ani the two Sphincters, External and Internal
and the Levator ani.
These muscles have been already described (see page 459).
The ischio-rectal fossa is situated between the end of the rectum and the
tuberosity of the ischium on each side.
its base,
It is triangular in shape
directed to the surface of the body, is formed by the integument of the ischiorectal region
its apex, directed upwards, corresponds to the point of division of
the obturator fascia, and the thin membrane given oil from it, which covers the
outer surface of the Levator ani (ischio-rectal or anal fascia).
Its dimensions
are about an inch in breadth at the base, and about two inches in depth, being
deeper behind than in front. It is bounded, internally, by the Sphincter ani,
Levator ani, and Coccygeus muscles externally ,hy the tuberosity of the ischium

The

superficial fascia

is

:

areolar in texture, and contains

;

;

:

;

;

;

Fig. 700.

—^Dissection of perinseum and ischio-rectal region.

and the obturator fascia, which covers the inner surface of the Obturator internus
muscle in front, it is limited by the line of junction of the superficial and deep
perineal fasciye
and behind, by the margin of the Gluteus maximus, and the
great sacro-sciatic ligament.
This space is filled with a large mass of adipose
tigsue, which explains the frequency with which abscesses in the neighbourhood
of the rectum burrow to a considerable depth.
If the subject has been injected, on placing the finger on the outer wall of
this fossa, the internal pudic artery, with its accompanying veins and nerve, will
be felt about an inch and a half above the margin of the ischiatic tuberosity, but
approaching nearer the surface as they pass forwards along the inner margin of
the pubic arch. These structures are enclosed in a sheath (canal of Alcock)
formed by the obturator fascia, the pudic nerve lying below the artery (fig. 415).
;

;

Crossing the space transversely, about its centre, are the inferior haBmorrhoidal
and nerves, branches of the internal pudic they are distributed to the
integument of the anus, and to the muscles of the lower end of the rectum.
These vessels are occasionally of large size, and may give rise to troublesome
haemorrhage when divided in the operation of lithotomy, or of fistula in ano. At
the back part of this space may be seen a branch of the fourth sacral nerve
and
at the fore part of the space, the superficial perineal vessels and nerves can be
seen for a short distance.
vessels

;

;

THE PEEIN^UM
The Perineum
The

perineal space

in
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.

the Male

form its deep boundaries are limited,
bones and ischia, meeting, in front, at the
behind, by an imaginary transverse Hne, extending between the
pubic arch
The lateral boundaries are, in the adult, from three
tuberosities of the ischia.
inches to three inches and a half in length and the base from two to three
inches and a half in breadth the average extent of the space being two inches
laterally,

a triangular

is of

by the rami

;

of the pubic

:

;

;

and three-quarters.
The variations in the diameter of this space are of extreme interest in connection with
the operation of lithotomy, and the extraction of a stone from the cavity of the bladder.
In ^hose cases where the tuberosities of the ischia are near together it would be necessary
to make the incisions in the lateral operation of lithotomy less oblique than if the tuberosities were widely separated, and the perineal space, consequently, wider.
The perineum
is subdivided by the median raphe into two equal parts.
Of these, the left is the one in
which the operation of lithotomy is performed.
line the perineum is convex, and corresponds to the bulb of
The skin covering it is of a dark colour, thin, freely movable upon
the subjacent parts, and covered with sharp crisp hairs, which should be removed
before the dissection of the part is commenced.
In front of the anus a prominent

in the middle

the urethra.

line

commences, the raphe, continuous in front with the raphe of the scrotum.
the skin and superficial structures from this region, in the

Upon removing
manner shown

in

700, a plane of fascia will be exposed, covering in the

fig.

and stretching

across; from one ischio-pubic ramus to the other.
This is the deep layer of the superficihl fascia or fascia of Colles. It has akeady
been described (page 461). It is a layer of considerable strength, and encloses
and covers a space in wdiich are contained muscles, vessels, and nerves. It is
continuous, in front, with the dartos of the scrotum on each side, it is firmly
attached to the margin of the ischio-pubic ramus and to the tuberosity of the
ischium and posteriorly it curves down behind the Transversus perinsei muscles
to join the lower margin of the deep perineal fascia.

triangular space

;

;

It is between this layer of fascia and the next layer, the superficial layer of the deep
perineal fascia, that extravasation of in-ine most frequently takes place in cases of ruptm-e
The superficial layer of the deep perineal fascia (see page 464) is also
of the urethra.
attached to the ischio-pubic rami, and in- front to the subpubic ligament. It is clear,
therefore, that when extravasation of fluid takes place between these two layers, it cannot
pass backwards, because the two layers are continuous with each other around the
Transversus peruiaei muscles it cannot extend laterally, on accoimt of the connection of
both these layers to the rami of the os pubis and ischimn it cannot find its way into
the pelvis, because the opening into this cavity is closed by the deep perineal fascia, and,
therefore, so long as these two layers remain intact, the only direction in which the fluid
can make its way is forwards into the areolar tissue of the scrotum and penis, and fi'oni
thence on to the anterior wall of the abdomen.
;

;

When
between

the deep layer of the superficial fascia

this fascia

and the deep perineal

is

fascia, in

removed, a space is exposed,
which are contained most of

the branches of the internal pudic artery, with their accompanying veins the
terminal branches of the internal pudic nerve some of the muscles connected
with the penis and urethra in the middle line, the Accelerator urinae on each
the crura of the
side, the Erector penis
and behind, the Transversus perinasi
corpora cavernosa and the bulb of the corpus spongiosum. Here also is seen
the central tendinous point of the perinceum. This is a fibrous point in the
middle line of the perinaeum between the urethra and the rectum, being about
;

;

;

;

;

;

—

;

At this point five muscles converge and are
attached viz. the External sphincter ani, the Acceleratores m-inae, and the two
Transversi perinaei muscles so that by the contraction of these muscles, which
extend in opposite directions, it serves as a fixed point of support.
The Accelerator virinae, the Erector penis, and the Transversus perinaei
muscles have been akeady described (page 462). They form a triangular space,
bounded, internally, by the Accelerator urinse externally, by the Erector penis

half an inch in front of the anus.
:

;

;

;

4 D

2

;
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and behind, by the Transversus perinsei. The floor of this space is formed by
the triangular hgament of the urethra (deep perineal fascia) and running from
behind forwards in it are the superficial perineal vessels and nerves, and the
transverse perineal artery coursing along the posterior boundary of the space, on
;

the Transversus perinaei muscle. The two terminal branches of the internal
pudic artery are also to be seen in this space the dorsal artery of the penis
ascending between the crus and the pubic arch, and the artery to the corpus
cavernosum entering the crus immediately after the division of the parent trunk.
The perineal nerve and dorsal nerve of the penis, the tw^o terminal branches of
the perineal dividing into
the pudic nerve, are also contained in this space
muscular and cutaneous branches, and the dorsal nerve accompanying the dorsal
artery along the ischio-pubic ramus, and with it piercing the suspensory ligament
to be distributed to the penis.
:

:

Fig

The

superficial

muscles and vessels of the perinseiim.

Superficial perineal artery
Superficial perineal nerve

Great sacro-sciatic ligament

Internal puclie nerve
Internal pudic artery

The Accelerator urin* and Erector penis should now be removed, when the deep
perineal fascia will be exposed, stretching across the front part of the outlet of the pelvis.
The urethra is seen perforating its centre, just behind the bulb and on each side is the
crus penis, connecting the corpus cavernosum with the rami of the ischium and os pubis.
;

The deep perineal fascia {triangular ligament), which has already been described (see page 464), consists of two layers, the inferior or superficial layer of
which, sometimes called the anterior layer of the triangular ligament, is now exIt is united to the superior or deep layer behind, but is separated in front
by a subfascial space in which are contained certain structures.
The superficial layer of the deep p)erineal fascia consists of a strong fibrous

posed.

membrane, the fibres of which are disposed transversely, which stretches across
from one ischio-pubic ramus to the other, and completely fills in the pubic arch
attached in front to the subpubic ligament, except just in the centre, w^here
a small interspace is left for the dorsal vein of the penis.
In the erect position
of the body it is almost horizontal.
It is perforated by the urethra in the middle
line, and on each side by the ducts of Cowper's glands.
It is pierced also by
three branches of the internal pudic artery viz. the dorsal artery of the penis near

it is

:
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the apex of the Hgament the artery to the corpus cavernosum more posteriorly,
close to the lateral margin of the ligament and the artery to the bulb in front of
The dorsal nerve of the penis also passes
the opening for Cowper's duct.
through the ligament, in company with the artery of the same name. The crura
They will be seen to be
penis are exposed, lying superficial to this ligament.
;

;

attached by blunt pointed processes to the rami of the os pubis and ischium, in
front of the tuberosities, and passing forwards and inwards joining to form the
body of the penis. In the middle line is the bulb and corpus spongiosum exposed
by the removal of the Accelerator urinse muscle.
If the superficial layer of the deep perineal fascia is detached on either side,
the deep perineal interspace will be exposed and the following parts will be seen,
between it and the deep layer of the fascia the subpubic ligament in front, close
the membranous portion of
to the symphysis pubis the dorsal vein of the penis
Cowper's glands and their
the urethra and the Compressor urethrae muscle
ducts the pudic vessels and the dorsal nerve of the penis the artery and nerve
of the bulb, and a plexus of veins.
:

;

;

;

;

;

Fig. 702.- -Deep perineal fascia.

On

the

left side

the anterior layer

has been removed.

Anterior layer of deep perineal
fascia reynoved, showing,
Compressor urethrce
Internal pudic artery
Artery of bulb
Couper's gland

latjer of the deep perineal fascia is derived froni the
continuous with it along the pubic arch. Behind, it joins
with the superficial layer of the deep perineal fascia, and is continuous with the
anal fascia. Above it is the recto-vesical fascia, separated from it on each side
by the anterior fibres of the Levator ani, but in the median fine these two layers
rectoof fascia are continuous and form a median septum, in consequence of the
vesical fascia dipping down to join the deep layer of the deep perineal fascia.
Thus on each side of the middle fine, beneath this fascia, is a httle interspace in
which is contained the anterior fibres of the Levator ani (Levator prostata). It
above, by the
perineal fascia
is bounded, below, by the deep layer of the deep
other side
the
on
space
the
from
internally
recto-vesical fascia, and is separated
is pierced by
fascia
perineal
the
deep
of
layer
deep
The
septum.
by the median
posterior part of the
is continued backwards around the

The

stiperior or

obturator fascia, or

deejJ

is

;

the urethra,

membranous

and

gland.
portion of the urethra and the outer surface of the prostate
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In addition
urethrse has akeady been described (page 465).
muscle and immediately beneath it, circular muscular fibres surround the
membranous portion of the urethra from the bulb in front to the prostate behind,
and are continuous with the muscular fibres of the bladder. These fibres are

The Compressor

to this

involuntary.

Cowper's glands are situated immediately below the membranous portion of
the urethra, close behind the bulb and below the artery of the bulb.
The pudic vessels and dorsal nerve of the penis are placed along the inner

pudic arch (pages 637 and 847).
of the bulb passes transversely inwards, from the internal pudic
along the base of the triangular ligament, between the two layers of fascia,
accompanied by a branch of the pudic nerve (page 849). If the posterior layer of
the deep perineal fascia is removed and the crus penis of one side detached from
the bone, the under or perineal surface of the Levator ani is brought fully into

margin

of the

The artery

Fig. 703.

—A view of the position of the viscera

at the outlet of the pelvis.

Artery of corpus

cave') nos
iJorscd artery of pe

Artery of hulh
Internal pudic artery
Cowper's gland

This muscle, with the triangular ligament in front and the Coccygeus and
Pyriformis behind, closes the outlet of the pelvis.

view.

The Levator

ani

and Coccygeus muscles have already been described (page

459)-

—

Position of the Viscera at the Outlet of the Pelvis. Divide the central tendinons
point of the perinseum, separate the rectum from its connections by dividing the fibres
of the Levator ani, which descend upon the sides of the prostate gland, and draw the gut
backwards towards the coccyx, when the under surface of the prostate gland, the neck
and base of the bladder, the vesiculis seminales, and the vasa deferentia will be exposed.

The

prostate gland

a pale, firm, glandular body which

is placed immediately
around the commencement of the urethra. It is
placed in the pelvic cavity, behind and below the symphysis pubis, posterior to the
deep perineal fascia, and rests upon the rectum, through which it may be distinctly
felt, especially when enlarged.
In shape and size it resembles a chestnut. Its
base is directed backwards towards the neck of the bladder. Its apex is directed
forwards to the deep perineal fascia, which it touches.

in front of the

neck

is

of the bladder,
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Its under surface is smooth, marked by a slight longitudinal furrow, and rests
on the rectum, to which it is connected by areolar tissue. Its upper surface is
flattened, marked by a slight longitudinal furrow, and placed about three-quarters
It measures about an inch and a half in
of an inch below the pubic symphysis.
its transverse diameter at the base, an inch in its antero-posterior diameter, and
Hence the greatest extent of incision that can
three-quarters of an inch in depth.

be

made

in

it

without dividing its substance completely across, is obliquely backThis 'is the direction in which the incision is made in the

wards and outwards.

lateral operation of lithotomy.

Behind the prostate is the posterior surface of the neck and base of the bladder
a small triangular portion of the bladder being seen, bounded, in front, by the
on each side,
prostate gland behind, by the recto-vesical fold of the peritoneum
by the vesicula seminalis and the vas deferens. It is separated from direct contact
with the rectum by the recto-vesical fascia. The relation of this portion of the
:

;

;

bladder to the rectum
Fig. 704.

is

of

extreme interest to the surgeon.

—A transverse section of the

pelvis,

showing the pelvic

In cases of retention
fascia

from behind.

Crest of

ilium

Internal pudic vessels
and nerve

Ttiherosity of

ischium

foimd projecting into the rectum, between
perforated,
three and four inches from the margin of the anus, and may be easily
is, conbladder
the
of
portion
this
parts
without injury to any important
of tapping
sequently, occasionally selected for the performance of the operation
of urine this portion of the

organ

is

;

the bladder.
the various parts in
Sicrqical Anato7ny.—The student should consider the position of
performed on the lett
reference to the lateral operation of lithotomy. This operation is
hand ot the operator.
side of the periucEum, as it is most convenient for the right
is commenced midway
incision
first
the
bladder,
the
into
staff having been introduced
adult perineum, about
ordinary
an
in
(i.e.
scrotum
the
between the anus and the back of
raphe, and carried
an inch and a half in front of the anus), a Httle on the left side of the
tiiberosity ot tlie
obhquely backwards and outwards to midway between the amis and
the mterior i^aemorischium. The incision divides the integument and superficial tascia,
permeal vessels, it tne
rhoidal vessels and nerves, and the superficial and transverse
the wound pressing at tUe
forefinger of the left hand is thrust upwards and forwards into
the membranous
same ttme the rectum inwards and backwards, the staff may be feh
it
staff, and the structures covermg
the
upon
fixed
is
finger
The
urethra.
portion of the
groove towards
the
along
directed
be
must
which
knife,
the
are divided with the point of

A

m

;
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the bladder, the edge of the knife being turned outwards and backwards, dividing in its
course the membranous portion of the urethra, and part of the left lobe of the prostate
gland, to the extent of about an inch. The knife is then withdrawn, and the forefinger of
The position of the stone having
the left hand passed along the staff into the bladder.
been ascertained, the staff is to be withdrawn, and the forceps is introduced over the
If the stone is very large, the opposite side of the prostate may
finger into the bladder.
be notched before the forceps is introduced the finger is now withdrawn, and the blades
of the forceps opened and made to grasp the stone, which must be extracted by slow
and cautious undulating movements.
Parts divided in the operation. -The various structures divided in this operation are
the integrunent, superficial fascia, inferior hsemorrhoidal vessels and nerves
as follow:
and probably the superficial perineal vessels and nerves, the posterior fibres of the Accelerator urinse, the Transversus perineei muscle and artery, the deep perineal fascia, the
anterior fibres of the Levator ani, part of the Compressor urethrse, the membranous and
prostatic portions of the urethra, and part of the prostate gland.
Parts to he avoided in the operation. -In making the necessary incisions in the
perinseum for the extraction of a calculus, the following parts should be avoided. The
primary incision should not be made too near the middle line, for fear of wounding the
bulb of the corpus spongiosum or the rectum nor too far externally, otherwise the pudic
artery may be implicated as it ascends along the inner border of the pubic arch. If the
incisions are carried too far forwards, the artery of the bulb may be divided
if carried
too far backwards, the entu'e breadth of the prostate and neck of the bladder may be cut
through, which allows the urine to become infiltrated behind the pelvic fascia into the
loose areolar tissue between the bladder and rectiun, instead of escaping externally
diffuse
inflammation is consequently set up, and peritonitis, from the close proximity of the rectovesical peritoneal fold, is the result.
If, on the contrar}^ only the anterior part of the
prostate is divided, the urme makes its waj' externally, and there is less danger of
infiltration taking place.
During the operation it is of great importance that the finger should be passed into
the bladder before the staff is removed if this is neglected, and if the incision made in
the prostate and neck of the bladder is too small, great difficulty may be experienced in
introducing the finger afterwards and in the child, where the connections of the bladder
to the surrounding parts are very loose, the force made in the attempt is sufficient to
displace the bladder upwards into the abdomen, out of the reach of the operator.
Such a
proceeding has not unfrequently occurred, producing the most embarrassing results, and
total failure of the operation.
It is necessary to bear in mind that the arteries in the perinasum occasionally take an
abnormal course. Thus the artery of the bulb, when it arises, as sometimes happens,
from the pudic opposite the tuber ischii, is liable to be wounded in the operation for
lithotomj', in its passage forwards to the bulb.
The accessory pudic may be divided near
the posterior border of the prostate gland, if this is completely cut across
and the
prostatic veins, especially in people advanced in life, are of large size, and give rise, when
divided, to troublesome hiemorrhage.
:

—

—

—
;

;

:

;

;

;

The EeMALE PsKINiEUM
The female perinseum presents certain differences from that of the male, in
consequence of the v^^hole of the structures which constitute it being perforated in
the middle line by the vulvo-vaginal passage.
The superficial fascia, as in the male, consists of two layers of which the
superficial one is continuous with the superficial fascia over the rest of the body
:

and the deep

layer, corresponding to the fascia of Colles in the male, is like it
attached to the ischio-pubic ramus, and in front is continued forwards through
the labia majora to the inguinal region.
It is of less extent than the male, in
consequence of being perforated by the aperture of the vulva.
On removing this fascia the muscles of the female perinseum, which have
already been described (page 465), are exposed. The Sphincter vaginae, corresponding to the Accelerator urinae in the male, consists of an attenuated plane of

forming an orbicular muscle around the orifice of the vagina, instead of
being united in a median raphe, as in the male. The Erector chtoridis is proportionately reduced in size, but differs in no other respect
and the Transversus
perinsei is similar to the muscle of the same name in the male.
The deep perineal fascia is not so strongly marked as in the male.
It
transmits the urethra, and is wide, separated in the median line by the aperture of
the vagina.
fibres,

;
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The Compressor urethrae {Transversus perincei pi'ofundus) is the analogue of
the Compressor urethrae in the male. It arises from the ischio-pubic ramus, and,
passing inwards, its anterior fibres blend with the muscle of the opposite side in
front of the urethra its middle fibres, the most numerous, are inserted into
the side of the vagina, and the posterior fibres join the central point of the
;

perinaeum.

The distribution of the internal pudic artery is the same as in the male (see
page 639), and the pudic nerve has also a similar arrangement, the dorsal nerve
being, however, very small and supplying the clitoris.
The corpus spongiosum is divided into two lateral halves, which are represented
by the bulbi vestibuli snad partes intermediales (see page iioi).
The perineal body fills up the. interval between the lower part of the vagina
and the rectum. Its base is covered by the skin lying between the anus and
Fig. 705.

— Side view of the pelvic viscera of the male subject, showing
the pelvic and peiineal

vagina on what

is

called the 'perinaeum.'

fasciae.

Its anterior surface lies

behind the

and its posterior surface lies in front of the anterior rectal
It measures about an inch and a quarter from before backextends from one tuberosity of the ischium to the other. In

posterior vaginal wall,

wall and the anus.
wards, and laterally
it

are

situated

the muscles belonging to the

external

organs of generation.

Through its centre runs the transverse perineal septum, which is of gre&.t strength
in women, and forms on either side, behind the posterior commissure, a hard,
ill-defined body, consisting of connective tissue,

with

and interlacing bundles of involuntary muscular
muscles of the perinaeum are inserted.

much

fibres, in

yellow elastic tissue
which the voluntary

Pelvic Fascia

The

pelvic fascia

(fig.

cavity of the pelvis, and

704)

is

is

a thin

membrane which

lines the

continuous with the transversalis and

whole

of the

iliac fasciae.

It
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attached to the brim of the pelvis, for a short distance, at the side of the cavity,
to the iiiner surface of the bone round the attachment of the Obturator
At the posterior border of this muscle, it is continued backwards as a
internus.
very thin membrane in front of the Pyriformis muscle and sacral nerves to the
In front, it follows the attachment of the Obturator internus
front of the sacrum.
to the bone, arches beneath the obturator vessels, completing the orifice of the
obturator canal, and at the front of the pelvis is attached to the lower part of
the symphysis pubis. At the level of a line extending from the lower part of
the symphysis pubis to the spine of the ischium, is a thickened whitish band this
marks the attachment of the Levator ani muscle to the pelvic fascia, and corresponds to its point of division into two layers, the obturator and recto -vesical.
The obturator fascia descends and covers the Obturator internus muscle. It
is a direct continuation of the pelvic fascia below the white line above mentioned,
and is attached to the pubic arch and to the margin of the great sacro-sciatic
ligament. Prom its attachment to the rami of the os pubis and ischium a process
is given off which is continuous with a similar process from the opposite side, so
as to close the front part of the outlet of the pelvis, forming the posterior layer
This fascia forms a canal for the pudic vessels and
of the triangular ligament.
nerve in their passage forwards to the perineum, and gives off a thin membrane
which covers the perineal aspect of the Levator ani miiscle, called the ischiois

and

;

rectal [anal) fascia.

The recto-vesical fascia {visceral layer of the loelvic fascia) descends into the
upon the upper surface of the Levator ani muscle, and invests the prostate,

pelvis

and rectum. From the inner surface of the symphysis pubis a short
rounded band is continued to the upper surface of the prostate and neck of the
bladder, forming the pubo-prostatic or anterior true ligaments of the bladder.
At
bladder,

the side, this fascia is connected to the side of the prostate, enclosing this gland
and the vesico-prostatic plexus of veins, and is continued upwards on the side
of the bladder, forming the lateral true ligaments of the organ.
Another pro-

longation invests the vesiculse seminales, and passes across between the bladder
and rectum, being continuous with the same fascia of the opposite side. Another
thin prolongation is reflected round the surface of the lower end of the rectum.'
The Levator ani muscle arises from the point of division of the pelvic fascia the
;

visceral layer of the fascia descending

upon and being intimately adherent

to the

muscle, while the under surface of the muscle is covered by
from the obturator fascia, called the ischio-rectal or anal
fascia.
In the female, the vagina perforates the recto-vesical fascia, and receives
a prolongation from it.

upper surface

of the

a thin layer derived

3

;
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Abducent nerve, 795
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anatomy

of,

796
Abductor hallucis, 537
Abductor indicis muscle, 500
Abductor minimi digiti muscle, (hand) 498,
(foot) 538
Abductor jiollicis muscle, 495
Aberrant duct of testis, 1095
Absorbent glands, 697
Absorbents, 697
Accelerator imnse miiscle, 463
Accessorii orbicularis oris, 398
Aceessorius ad ilio-costalem ixiuscle, 435
Accessorius pedis, 538
Accessory ligament of shoulder, 340 obturator nerve, 841
olivary nuclei, 734
descending palatine canals, 179; pudic
artery, 63S processes, 129
Acervulus cerebri, 762
Acetabulum, 265
Acromatin, 10
Acromial end of clavicle, fracture of, 503
Acromial region, muscles of, 473 thoracic
artery, 603
Acromio - clavicular joint, 336; surface
form of, 338 sm'gical anatomj" of, 338
Acromion process, 228 fracture of, 503
Actions of Muscles. See each Group of
Muscles
Adamantoblasts, 930
Adductor brevis muscle, 517;
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muscle, 516; magnus muscle, 517 obliquus poUicis, 496
transversus pollicis,
obliquus
hallucis,
497;
539; transversus hallucis, 540
Adductor tubercle, 275
;
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;

;

;

;

;

;

;

Adenoid connectiA-e

tissue, 19

20
Afferent nerves, 47
Adii:)ose tissue,

;

;

;

;

Amnion, 84
Amniotic

true, 84
cavity, 84
;

false,

;

85

Amphiarthrosis, 307
Ampullae of semicircular canals, 912
tubuli lactiferi,

of

;
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Amygdalae, 935
of cerebellum, 770
Anal fascia, 460, 1146 canal, 988
Anastomosis of arteries, 546
Anastomotica magna of brachial, 608 of
femoral, 652
Anatomical neck of humerus, 23 1 fracture
of, 237
Anconeus muscle, 489
Andersch, ganglion of, 802
Aneiu'isms of abdominal aorta, 621
of
arch of aorta, 551 of thoracic aorta, 618
Angle of jaw, 185 of os pubis, 264 of rib,
216; sacro-vertebral, 132
Angular artery, 564; convolution, 740;
movement, 310; process, external, 149;
internal, 149
vein, 669
Animal constituent of bone, 29
Ankle joint, ;^'J2) I'elations of tendons and
vessels to, 374
surface form of, 376
sm'gical anatomy of, 376
Annectant gyrus, 740, 741, 744
Annular ligament of radius and ulna, 348
posterior, 493 'of
of wrist, anterior, 492
external, 535
inankle, anterior, 534
ternal, 535
of stapes, 909
Annulus ovalis, 1020; of cochleae, 914
x\nterior annular ligament, (wrist) 492
crural
(ankle) 534; chamber of eye, 892
siu'gical anatomy of, 853
nerve, 841
ethmoidal cells, 166
dental canal, 170
fontanelle, 167; fossa of skull, 190; nasal
;

;

;

;

;

;

;

;

;
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;
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;

;

;

;

;

;

;

;

;

;

;

;

spine, 173; palatine canal, 172; palatine
172, 193; region of skull, 199;
triangle of neck, 572
Anterior and internal frontal artery, 581
Antero -lateral ganglionic artery, 582
Antero-mediau ganglionic artery, 581
fossa of, 902
Antihelix, 902
fossa,

;

Afferent vessels of kidney, 1066
Air-cells, 1052
Ala cinerea, J^,'^, 776 lobuli centrahs, 769
nasi, artery of, 564
Alffi of vomer, 181
of sacrum, 134
Alar ligaments, 319 of knee, 367 thoracic
artery, 604
Alcock, canal of, 638, 1138
Alimentary canal, 921
development of,
108
subdivisions of, 921
;

;

;

;

;

;

Allantoic vessels, 86 vesicle, 86
Allantois, 85
Alveolar artery, 571 process, 172, 184
Alveoli of lower jaw, 184; of upper jaw,
172 formation of, 932
of stomach, 970

Antitragicus muscle, 903
Antitragus, 902

Antrum

of

Highmore, 171

;

mastoid, 154

Anus, 1 1 37; development of, 109; muscles
of, 459
AoKTA, 548
development of, 104 abdommal, 620 branches of, 622 surgical
abdominal,
anatomy of arch of, 551
621 thoracic, 618
Aorta, arch of, 550; branches of, 552;
;

;

;

;

;

;

peculiarities

of,

551

;

peculiarities

of

'

;;;
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sinuses of, 549; surbranches of, 552
gical anatoiny of, 551
•Aorta, abdominal, 620; descending, 617;
branches of, 618 surgical
thoracic, 617
anatomy of, 618 sinuses of, 549
Aortic opening of diaphragm, 445 of heart,
1024; plexus, 865; semilunar valves,
1024 sinuses, 1024
Apertura scalse vestibuli cochleae, 912
Apex cornu of cord, 716
of deltoid, 473
Aponeurosis, 385
of exof
ternal oblique in inguinal region, 449
occipito-frontalis, 389; supra-hyoid, 411
of soft palate, 934
Apophysis, 120
Apparatus ligamentosus colli, 318
Appendages of eye, 896 surgical anatomy
;

;

;

;

;

;

;

;

;

;

;

901

of,

of skin, 64; of uterus, 1108

;

Appendices epiploicse, 988
Appendix of right auricle,
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Arteria centralis retinae, 581
Arteria magna, 548

;

;

;

;

;

;

;

;

;

;

;

;

;

548; abdominal, 620; arch of, 550;
ascending aorta, 549 descending aorta,
617; thoracic, 617; articular, knee,
657; ascending cervical, 594; iDharyngeal, 566 auditory, 593, 918 auricular
anterior, 567
posterior, 566 axillary,
600; azygos of knee, 657
basilar, 593; brachial, 604; bronchial,
619, 1054; buccal, 570; of bulb, 639
calcanean, external, 663 internal, 663
carotid common, 554; external, 559;
internal, 574 carpal ulnar, 616; carpal
radial, 611; of cavernous bodj^ 639;
centralis retinae, 581; cerebellar, 593;
ascending cercerebral, 581, 583, 593
princeps,
vical, 594
superficial, 596
profmida, 598 choroid anterior,
565
582 posterior, 594; ciliary, 580 circle
of Willis, 583, 594; circumflex of arm,
604; of thigh, 651; iliac, deep, 644;
coccysuperficial, 649; cochlear, 918
media,
geal, 639
colica dextra, 627
coeliac axis, 622
sinistra, 627
627
comes nervi ischiadici, 640 phrenici,
596; common carotid, 554; iliac, 631;
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

communicating, anterior cerebri, 581
communicating
posterior cerebri, 593
coronary of
branch of ulnar, 616
cremasteric,
heart, 549
of lip, 564
643 crico-thyroid, 561 cystic, 625
deep branch of ulnar, 616 cervical, 598
palmar branch, 610 temporal, 570; dedental inferior, 570 anteferent, 635
rior, 571
descending aorta, 617 paladigital plantar, 664; digital
tine, 571
of
dorsal of penis, 639
of ulnar, 616
dorsalis hallucis, 660
scapula, 604
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

612; linguae, 561; pedis, 659;
pollicis, 612
epigastric, deep, 643 superior, 598 superexternal
ethmoidal, 578
ficial, 649
carotid, 559; plantar, 663; iliac, 642
deep, 650
femoral, 644
facial, 562
frontal, 580
indicis,

;

;

;

;

;

;

gastro-duodenalis, 624;
gastro-epiploica dextra, 624; gastrogluteal, 641
epiploica sinistra, 625

gastric, 623, 625

;

;

;

640

haemorrhoidal
1087
superior,
middle,
636

inferior,

;

627

;

;

hyoid branch of lingual,
hepatic, 623
of superior thyroid, 560; hypo561
gastric in foetus, 634, 1028
;

distribution of, 546
mode
mode of origin of
546
branches, 546 nerves of, 54 sheath of,
structure of, 52 subdivision of, 546
53
systemic, 546; vessels of, 53
Arteries or Artery, accessory pudic, 638
acromial thoracic, 603 alar thoracic,
alveolar,
604;
anastomotica
571;
magna of brachial, 608 of femoral,

104

581

638
;

of,

anterior communicating,
581
anterior mtercostal, 596 anterior
and internal frontal, 581
anterior
inferior cerebellar, 593 anterior spinal,
antero-lateral ganglionic, 582
592
antero-median ganglionic, 581 aorta,
ciliary,

helicine,

;

division,

;

;

Arteries, General Anatomy of, 52 anastomoses of, 546 capillary, 54 developof

;

inferior,

Arteriae propriae renales, 1066
Arteriae receptaculi, 577
Arteries, development of, 104

ment

anterior cerebral,
652 angular, 564
581; anterior choroid, 582; anterior

;

1019; of left
auricle, 1023
vermiformis, 983
Aqua labyrinthi, 918
Aqueductus cochleae, 156, 914; vestibuli,
Fallopii, 156, 907
Sylvii, 761
156, 912
Aqueous humour, 892
Arachnoid of brain, 725 of cord, 713
Arantii corpora, 1022, 1024
Arantius, ventricle of, 730
Arbor vitse uterina, 1106, 1107; vitae of
cerebellum, 771
Arch of aorta, 550; peculiarities of, 551
branches of, 552
surgical anatomy of,
551; of OS pubis, 268; of a vertebra,
supra-orbital,
crural
or
120;
149;
femoral, 11 34; palmar superficial, 616;
deep, 610; plantar, 663; zj'gomatic, 197
Arches, pharyngeal, 91
pre-oral, 92; postoral, 92
aortic (foetal). 104
Arciform or arcuate fibres of medulla oblongata, 729, 730, 732
Arcuate fibres of cerebrum, 464 of cerebellum, 772
Area, germinal, 76
Areas of Cohnheim, 38
Areola of breast, 11 12
Areolae of bone, primary, 31
secondary, 32
Areolar tissue, 17
Arm, back of, muscles of, 480; front of,
muscles of, 477; arteries of, 585 bones
of, 231
fascia of, 473
lymphatic glands
of, 702
lymphatics of, 703 superficial
fascia of, 473 nerves of, 823 veins of, 679
Arnold's nerve, 806; canal for, 157; ganglion, 793
Arrectores pili, 66
;

Arteries or Artery (continued)

;

;

;

;

;

;

;

ileo-colic,

626

iliac

;

common, 631

;

ex-

ternal, 640 internal, 633 ilio-lumbar,
640 inferior cerebellar, 593 dental,
570; labial, 564; larj-ngeal, 594; "meprofunda, 608 ; pyloric,
senteric, 627
;

;

;

;

;

624; thyroid, 594; infra-orbital, 571;
innominate, 553; intercostal, 619 aninternal,
superior, 598
terior, 596
iliac, 633
aiiditory, 918 carotid, 574
;

;

;

;

;

;

1

;

;;

INDEX
Arteries or Artery {continued)

mammary,
663;
foot, 660
tenuis, 626
tar,

;

;

;

;

labial inferior, 564; lachrj^mal, 578; lainferior, 594
ryngeal superior, 560
lateral sacral, 641 ; spinal, 592; latelingual, 561 ; long
ralis nasi, 564
;

;

•

;

ciliary, 581 thoracic, 604; lumbar, 629
malleolar, 659; mammary internal, 596;
masseteric, 570; maxillary internal,
568 median of forearm, 615, of spinal
cord, 592; mediastinal, 596; posterior,
;

;

meningeal anterior, 577, middle,
from occipital, 565
from pharyngeal, 567, from vertebral,
619

;

569, small, 570

592
625

;

;

;

;

mesenteric inferior, 627; superior,
metacarpal, 612 metatarsal, 660;
;

middle

sacral, 630
581
musculo-phrenic, 598; mylo-hyoid, 570
nasal, of ophthalmic, 580
of septum
inferior, 564, superior, 571
nutrient of
humerus, 608; femur, 652; fibula, 663
radius and ulna, 615
tibia, 663
occipital, 565
obturator, 636
cesopha-

cerebral,

;

;

;

;

;

;

;

;

ophthalmic, 577
orbital,
ovarian, 629
571
palatine, ascending, 563
descending,
of pharyngeal, 566; palmar arch,
571
superficial, 616, deep, 610; palmar interossei, 613; palpebral, 580; pancreatic,
625; panereatico-duodenalis, 624; inferior, 626; perforating, of hand, 613,
geal,

619

;

;

;

;

;

of thigh, 652, of foot, 664, of anterior intercostal, 598, plantar, 664; pericardiac,
596, 618; perineal, superficial, 638;
transverse, 638
peroneal, 662, ante;

663 pharyngeal, ascending, 566
phrenic, 629 popliteal, 652
posterior
auricular, 566, cerebral, 593 communicating, 582, meningeal, from vertebral, 592
princeps cervicis, 565, pollicis, 612; profunda of arm, inferior, 608,
superior, 608, cervicis, 598, femoris,
650; pterygoid, 570, pterygo-palatine,
pudic, deep external, 650
super571
ficial external, 649, internal, in male, 637,
in female, 641
pulmonary, 547, 1052;
pyloric inferior, 624 of hepatic, 624
radial, 609
radialis indicis, 613
ranine,
561 recurrent interosseous, 615, radial,
609; uhiar anterior, 614, posterior,
614; tibial anterior, 659, posterior, 659;
rior,

;

;

;

;

;

;

;

;

;

;

;

;

;

renal; 628
sacral lateral, 641 middle, 630; scapular,
posterior, 596
sciatic, 639
short ci;

;

;

580; sigmoid, 627; spermatic,
629, 1090; spheno-palatine, 571; spinal
anterior, 592
lateral, 592
posterior,
592; median, 592; splenic, 625; sternomastoid, 560, 565
stylo-mastoid, 566
subclavian, 585
sublingual, 561
submaxillary, 564
submental, 564 subscapular, 604; superficial cervical, 596;
circumflex iliac, 649
perineal, 638
liary,

;

;

;

;

;

;

;

;

;

palmar arch, 616

;

superficialis

149

Arteries or Artery (continued)

maxillary, 568 planinterosseous ulnar, 614; of
of hand, 613
intestini

596

1

volae,

611, superior cerebellar, 593, epigastric,
598, h^emorrhoidal, 627, intercostal,
598, laryngeal, 560, mesenteric, 625,
profunda, 608, thoracic, 603, thyroid.

560; supra-orbital, 578, suprarenal, 628,
suprascapular, 595
sural, 655
tarsal, 660; temporal, 567 anterior, 567
deep, 570; middle, 567; posterior, 567;
thoracic, acromial, 603, alar, 604, aorta,
617; long, 604 superior, 603 thyroid
axis, 594
thyroid inferior, 594
superior, 560; thjToidea ima, 553, 1056;
tibial anterior, 657, posterior, 660, recurrent, 659; tonsillar, 563; transverse
facial, 567
transversalis colli, 595
tympanic, fi'om internal carotid, 577,
from internal maxillary, 569
uhiar, 613; recurrent anterior, 614, posterior, 614; umbilical in foetus, 634,
1028 uterine, 636
vaginal, 636, vasa aberrantia, of arm, 606
brevia, 625
intestini tenuis, 626
vertebral, 591
vesical inferior, 635
middle, 635 superior, 635 vestibular,
918 Vidian, 571
Arteriolse rectie, 1067
Arthrodia, 308
Articular arteries (knee), from popliteal, 657
Ai'ticular cartilage, 22
Articular end bulbs, 48 lamella of bone,
305 processes of vertebrae, 121 sj-novial
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

membranes, 305
Articulations in general, 305
kinds

different

;

306

of,

aeromio-clavicular, 336
ankle, ^y^
astragalo-calcanean, 376
astragalonavicular, 378
atlanto-axial, 315
calcaneo-astragaloid, 376
calcaneo-cu;

;

;

;

;

boid,

calcaneo-naviculai-, 378
377
carpo metacarpal, 354
carpal, 352
classification of, 309
coccygeal, 332
chondro- sternal, 326 costOrtransverse,
costo-vertebral, 323
of cuboid
324
with external ciuieiform, 380; of cuneiform with each other, 379
elbow, 343
femoro-tibial, 363
hip, 357
immovable, 306
knee, 363
metacarpal, 356
metacarpo-phalangeal
356 metatarso-phalangeal, 382 metamixed, 307 movable, 307,
tarsal, 381
movements of, 308
naviculo-cuneiform, 379; naviculo-cuboid,
;

;

;

;

;

;

;

;

;

;

;

379
occipito-atlantal, 317; occipito-axial, 318
pelvis with spine, 329 ; phapelvis, 330
;

langes, 357; pubic, 333
radio-carpal, 350; radio-ulnar, inferior,
349 middle, 348 ; superior, 347
sacro-coccj'geal, 332 ; sacro-iliac, 330
sacro-sciatic,
sacro-vertebral,
331
scapulo-clavicular, 336
scapulo329
shoulder, 339
humeral, 339
sternoof sternum, 328
clavicular, 334
tarso-metatarsal, 380
tarsal, 376 ; tem;

;

;

;

;

;

;

;

poro-maxillary, 320
tibio-fibular, inferior, 372; middle, 372; superior, 371;
of tympanic bones, 909
vertebral column, 3 1
;

wrist,

350

Aryteno-epiglottideus superior, 1039
rior, 1039

;

infe-

1

;
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Aryteno-epiglottidean folds, 1036
Arytenoid cartilages, 1034; glands, 1040
Arytenoid muscle, 1038
Arytenoideus rectus, 1039 {foot-note)
oblique muscle of
Ascending colon, 984
;

abdomen, 451
Ascending frontal artery, 582
Ascending palatine artery, 563 pharyngeal
surgical anatomy of, 567
artei-y, 566
Ascending parietal artery 582
Association fibres of hemispheres of brain,
;

;

,_

764

development of, 300
Astragalus, 291
Atlanto-axial articulation, 315
development of, 130
Atlas, 122
Atlo- odontoid joint, 315
Atrabiliary capsules, 1072
Atrium burste omentalis, 955
Attic of tympanum, 1 54
;

;

;

;

;

;

982
cartilage of, 902
Auricle of ear, 902
ligaments of, 903
appendix of,
Auricle of heart, left, 1022
1023 sinus of, 1023 right, 1018 openings in, 10 19 valves in, 1020; sinus of,
1019 septum of, 1018, 1026
Auricular artery, posterior, 566 anterior,
567 fissure, 157, 195 lymphatic glands,
699 nerve of vagus, 806 posterior from
facial, 798 veins, anterior, 669 posterior,
670 surface of sacrum, 1 34
Auricularis anterior muscle, 390 posterior,
390 superior, 390
Auricularis magntis nerve, 818
Aurieulo-temporal nerve, 791
Auriculo -ventricular groove of heart, 1018;
opening, right,
left,
1024
opening,

Auerbach's

jalexus,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

102

Axes of the

pelvis,

Axilla,

;

598

anatomy

269

dissection

of,

467

surgical

;

600

of,

artery,

600

peculiarities,

;

;

;

;

;

;

;

;

;

;

Axis-cjdinder of nerve-tubes, 42

Azygos
636

;

surface, 190;

of

Basement membranes,

19

Basi-hyal of hyoid bone, 209
Basilar artei-y, 593
groove, 144
membrane of cochlea, 916; process, 143;
suture, 188
median, 681
Basilic vein, 681
Basis vertebrarum venae, 687
Bauhin, valve of, 983
Beak of corpus callosum, 751
Beaunis et Bouchard, table of development of foetus, from, 117
Bend of elbow, 605
Biceps flexor cruris, 524
Biceps flexor cubiti, 478
Bicipital fascia, 479, 681
groove, 233
ridges, 233
tuberosity, 243
Bicuspid teeth, 924
Biliary ducts, looi, 1003
structure of,
1003
Bioplasm, 8
Biventer cervicis muscle, 436
Bladder, 1073; development of, 112;
ligaments of, 1076
trigone of, 1078
vessels and nerves of, 1079
female,
iioi; surface form of, 1079; surgical
anatomy of, 1079
;

;

;

;

;

;

\

Blasteixia, 8

Blastodermic membrane, 76
Blood, General Com,positio7i
;

;

cor-

;

;

;

;

1029

foetus,

Blood-discs, development

of, 102
Blood-vascular system, development of, loi
Blood-vessels of brain, 583
Bochdalek, ganglion of, 788, 790 on musculus triticeo-glossus, 1039 note
Body of a tooth, 923 of a vertebra, 121
;

;

Bone, General Anatomy of, 25
constituent of, 29; apophyses

animal

;

of,

120;

articular lamella of, 305
canaliculi of,
29; cancellous tissue of, 25; cells, 29;
chemical analysis of, 30 ; compact tissue
of, 25; diploe of, 120; development of,
;

earthy constituent of, 30 eminences
and depressions of, T20; epiphyses of,
120; growth of, 34; Haversian canals
;

;

systems of, 27 inorganic constiof, 27
tuent of, 30 lacunae of, 28 lamellae of,
28; lymphatics of, 27; marrow of, 25;
medullary canal of, 25, 119; medullary
membrane of, 25 microscopic appearnerves of, 27 organic conances, 27
stituent of, 29 ossification of, 30 ossific
;

;

;

;

;

;

;

;

;

number

periosteum of,
35
spongy tissue of, 25 vessels of, 26
25
Bones, forms of, viz. long, short, flat, mixed
or irregular, 119; number of, in the
centres,

of vagina,
artery, articular, 657
veins, 685 ; uvulae muscle, 421

i

of,

puscles, 2
crystals, 6
gases of, 6 globules, 2
plaques or platelets, 5
Blood, circulation of, in adult, 1018; in

30

602
branches of,
surgical anatomy of, 602
603 surface marking of, 602 lymphatic
vein, 682
surspace, 598
glands, 702
gical anatomy of, 682
Axis, or second vertebrae, 124 development
of, 130
Axis, cerebro-spinal, 712 cceliac, 622 thyroid, 594

Axillarj?

internal

193;

sacrum, 134

;

internal, 155; nerve, 801, 918;
veins, 918
surgical anatomy of, 802
vesicle, 99

905

surface,

;

AttoUens aurem muscle, 390
Attrahens aurem muscle, 390
Auditory artery, 918; internal, 593; canal,
904; meatus, external, 155 surface form
of,

;

of,

;

;

;

body, 119

Bones or Bone, Descriptive Anatomy
119; astragalus, 291

Bacillary layer of retina, 890

Back, muscles of, first layer, 427 second
fourth layer,
layer, 430 third layer, 43 1
434 fifth layer, 437
See Enarthrodia
Ball-and-socket joint.
Bartholin, duct of, 938 glands of, iioi
Basal ridge, or cingulum of teeth, 923
Base of brain, 747 of skull, 190; external
;

:

;

;

;

;

;

of,
atlas, 122; axis, 124;

clavicle,
carpal, 246
calcaneum, 287
222; coccyx, 136; cranial, 141; cuboid,
293; cuneiform of carpus, 250; of tarsus, 294
ethmoid, 163
ear, 908
facial, 167
femur, 271 fibula, 285 fron;

;

;

;

tal,

148

;

;

1

;
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Bones or Bone (continued)

1086

hand, 246; humerus, 231 hj'oicl, 209
ilium, 259; incus, 909; inferior maxillarj^
183 turbinated, 180 innominate, 259;
ischiiun, 262
lachrymal, 174; lesser lachrymal, 175;
lingual, 209
malleus,
magnum, 252 malar, 175
908 maxillary, inferior, 1 83 superior,
169 metacarpal, 253 metatarsal, 297
navicular, 294
nasal, 167
orbicular, 909
occipital, 141
palate, 177; patella, 279; parietal, 145;
phalanges of foot, 300 of
pelvic, 267
hand, 256; pisiform, 250; pubic, 264
ribs, 214
radius, 243
sacrum, 132; scaphoid, 246; scapula,
sesamoid, 304
semilunar, 249
225
sphenoid, 1 58 sphenoidal spongy, 159
stapes, 909; sternum, 211; superior
maxillary, 169
tarsal, 287
temporal, 151; tibia, 280
trapezium, 251; trapezoid, 251; tri;

;

;

;

;

;

;

;

;

1151

;

;

;

;

;

of corpus spongiosum, 1087

;

olfac-

tory, 748, 766, 777

Bulbar portion of spinal accessory nerve,
809
Bulbi vestibuli, 1 1 1
Bulbo-cavernosus muscle, 463
Bulbous portion of urethra, 1081

Bulbs of the fornix, 749
Burdack's column, 720
Burns's space, 406
Bursae mucosae, 306 synoviae, 306
;

Burste of shoulder, 341
of knee, 367
Bursal synovial membranes, 306
Bursa omentalis, 955 pharyngea, 942
;

;

;

;

;

;

;

;

;

quetral, 167 turbinate, superior, 165
middle, 165; inferior, 180; tympanic,
;

;

ulna, 238; unciform, 252
vertebrae, cervertebra prominens, 125
vical, 121
dorsal, 125
lumbar, 127
vomer, 181
Wormian, 167
Bone, articular lamella of, 305
;

;

;

Bowman,
of,

glands

877

of,

;

sarcous elements

;

38

Bowman's

capsule, 1063

;

;

;

;

;

;

;

raent of, 93
convolutions of,
Brain, 723 base of, 747
737 dura mater of, 723 interior of, 75 1
lobes of, 738 membranes of, dissection of,
723 subdivision into parts, 726 upper
surface of, 736 weight of, 727
Branchial arches, 93
;

;

;

;

;

;

;

;

Breasts, 11 12

scriptorius,

774

arteries, internal,

663

;

external,

Calcaneo-astragaloid ligaments, 376
Calcaneo-cuboid ligaments, 377
Calcaneo-navicular ligaments, 378

Calcaneum,

2 87
Calcar femorale, 276 avis, 753
Calcarine fissure, 743
Calices of kidnej', 1069
Calloso-marginal fissure, 742
Camper's ligament. See Triangular liga;

ment of Urethra
Canals or Canal, accessory palatme, 179;
alimentary, 921; anterior dental, 170;
palatine, 172; for Arnold's nerve, 157;
auditory, 904; carotid, 155, 156; central
for chorda tympani,
of modiolus, 913
153, 906; of cochlea, 916; crural, 1134;
dental posterior, 171; ethmoidal, 150;
Haversian, of bone, 27 of Huguier, 153 ;
inferior
dental,
incisive,
184 ;
193
infra-orbital, 170; inguinal, 11 20; for
;

;

Jacobson's (tympanic) nerve, 156; lachrymal, 899; naso-palatine, i8r of Nuck,
of Petit, 894; palatine
1 1 12;
1097,
posterior, 170; anterior, 172; pterygo-palaof Schlemm, 882
tine, 160; sacral, 135
spermatic, 1120; of spinal cord, 717 spiral
of coclilea, 913; of Stilling, 893; of modiolus, 913; semicircular, 912; for tensor
tympani, 157, 907; temporo-malar, 175
of Wirsung,
vertebral, 139; Vidian, 161
1006
Canaliculi of bone, 29
Canalis centralis modioli, 913; membranacea, 916 reuniens, 915 spiralis modioli.
913
Cancellous tissue of bone, 25
Canine eminence, 170; fossa, 169; teeth,
;

;

;

;

;

;

;

Bregma, 189

Brim

Calamus

Calcanean
663

;

Brachia of optic lobes, 762
Brachial arterj', 604; branches of, 608 peculiarities of, 605 surgical anatomy of, 607
surface marking of, 607
lymphatic
glands, 702 plexus, 820 surgical anatomy of, 831 veins, 682
Brachialis anticus muscle, 479
Brachio-cephahc artery. See Innominate
Brachio-radialis muscle.
See Supinator
longus
Brain, General anatomy of, 44 develop;

Caecum, 982

of pelvis,

267

Broad ligaments

formation
of uterus, 1105
961
Bronchi, right and left, 1042 septum of,
1042 in lung, 1052
Bronchial arteries, 619, 1054; lymphatic
glands, 710; septum, 1042; vems, 686,
1054 tubes, see Bronchi
;

of,

;

;

;

Brunner's glands, 979
Bubonocele, 11 24
Buccal arteries, 570; cavity, 921 development of, 109 glands, 922 lymphatic
of
glands, 699
nerve of facial, 800
inferior maxillary, 791
veins, 669
Buccinator muscle, 399
Bulb, artery of, 639 of corpus cavernosum,
;

;

;

;

;

;

;

924
Canthi of eyelids, 896
Capillaries, 54; structure of, 54
Caiiitellum of humerus, 235
Capsular ligament of hip, 357 ; of knee,
365; of shoulder, 339; of thumb, 354;

of vertebrae, 313

Capsule, external, of brain, 754 internal, of
of Glisson, 998 of lens, 893
brain, 754
of Tenon,
in foetus, 99; of kidnev, 1061
;

;

;

;

;

879
Capsules, suprarenal, 1071

Caput cornu of cord, 716, 720; gallinaginis,
1080

1

;;
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Cardiac lymphatics, 710; muscular tissue,
40; nerves, 858; from pneumogastric,
super808 plexus of nerves, deep, 861
ficial, 862, veins, 695
Cardinal veins, foetal, 107
Carotid artery, common, 554; branches of
(occasional), 557; peculiarities of, 557;
surface marksurgical anatomy of, 557
ing of, 557; external, 559; branches of,
560; surgical anatomy of, 559; surface
marking of, 559 internal, 574 branches
of, 577; peculiarities of, 576; surgical
anatomy, 577; tubercle, 122
Carotid branch of Vidian, 788
Carotid canal, 155, 156; ganglion, 856;
groove, 159; plexus, 856; triangle, infetriangle, superior, 572
rior, 572
posterior, 612
Carpal arch, anterior, 611
Carpal arteries, from radial, 611; from
ligaments, 352
ulnar, 616
Carpo-metacarpal articulations, 354
Carpus, 246 development of, 258; articusurface form of, 257
lations of, 352
surgical anatomy of, 258
Cartilage, General Anatomy of, 21; celarticular, 22;
costal, 23;
lular, 21
fibrous, 23; hyaline, 21; intercellular
reticular, 24
temsubstance of, 22
porary, 23
arytenoid, 1034; of auricle, 902
of bronchi, 1052
cricoid, 1033; cuneiform,
costal, 23, 218
ensiform,
of ear, 902, 904
1034
213; of epiglottis, 1034
of Jacobson, 876
of larynx, 1032
of the nose, 874
of the pinna, 902
semilunar of knee,
of Santorini, 1034
366 of septum of nose, 874
of trachea,
thyroid, 1032
tarsal, 897
1042 of Wrisberg, 1034
xiphoid, 213
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Cartilage, articular, 22 cellular, 2T costal,
23; hyaline, 21; permanent, 21; tem;

;

white fibro-, 23
yellow
23
elastic, 24
lacunae, 22
Cartilage cells, 22
Cartilagines minores, 874
Cartilage triticea, 1035
Canmcula lachrymalis, 899
Carunculse myrtiformes, iioi
Cauda equina, 844
Cava inferior, 691 peculiarities, 692 supeporary,

;

;

;

;

;

684
groove,
Cavernous body, artery of, 639
plexus, 858;
159; nerves of penis, 865
surgical anasinus, 676 nerves in, 795
tomy of, 677
glenoid, 228
of pelCavity, cotyloid, 265
sigmoid, greater, 238
lesser,
vis, 268
240 of the great omentum, 962
rior,

;

;

;

;

;

;

;

;

;

division of, direct,
indirect, 10; nucleus of,
reproduction of, 10; structure of, 8

Cell, definition of, 7

division

;

of,

r i

;

8;

;

;

Cellular tissue, lymphoid, 19
retiform, 19

;

;

;

mucoid, 18

;

;

;

;

Centrum

of vertebrae, 121
Cephalic vein, 68 1
median, 68
Cerato-hyal of hyoid bone, 210
Cerebellar arteries, anterior, inferior, 593
superior, 593; cohnnn, 719; veins, 674
Cerebelli incisura, anterior, 769 posterior,
;

;

;

768

Cerebellum, 768
;

;

peduncles

769
771;

;

dentatum

corpus

;

771, 774; hemispheres
of, 772
lobes of, 769

median lobe

;

772

of,

of,

768; laminae

of,

of,

structure

;

of,

under surface of, 770; upper
surface of, 769; the valley of,
770;
ventricle of, 774
weight of, 768
Cerebral arteries,
anterior,
581
583
middle, 581 posterior, 593 convolutions,
lymphatics, 701
topography, 744;
7j7
;

;

;

;

;

;

;

veins,

674

ventricles,

;

752,

757,

759,

774

Cerebro-spinal

Axis, 712;
fluid, 726;
nerves, 45
Cerebro-spinal system, 40
Cerebrum, 726, 735
base of, 747 com;

;

missures of, 760 commissural fibres of,
convolutions of, 7^7
crura of,
764
750; fibres of, 763; fissures of, 738;
general arrangement of its parts, 750
grey matter of, 44, 765
hemispheres
of, 735
interior of, 751
labia of, 751
lobes of, 747; peduncles of, 751; structure of, 763
sulci, 736
under surface,
upper surface, 736
ventricles of,
747
752,757, 759, 774
Ceruminous glands, 905
;

;

;

;

;

;

;

;

;

;

;

Cervical artery, ascending, 594; superficial,
596 princeps, 565 profunda, 598
Cervical fascia, 405
Cervical ganglion inferior, 859
middle,
859 superior, 856
Cervical lymphatic glands,
deep, 702
saperficial, 701
surgical anatomy of,
;

;

;

;

;

702
Cervical nerves, 814; anterior divisions
816 posterior divisions of, 814 roots
;

;

of,
of,

814
818; deep branches of,
819; posterior, 816 superficial branches
of, 818

Cervical plexus,

;

Cervical rib, 125
Cervical veins, deep, 672
Cervical vertebrae, 121
surgical
;

anatomy

of,_3i9
Cervicalis ascendens muscle, 435
Cervico-facial nerve, 800
Cervix cornu of cord, 720; uteri, 1104

Chalice

Cell wall, II
ethmoidal, 164 fat, 20
Cells of bone, 29
goblet or chalice, 14 mastoid, 1 54 prickle.
;

Cement of teeth, 928 formation of, 932
Central canal of cord, 717 lobe of cerebrum, 742 ganglionic vessels of brain,
584; tendon of diaphragm, 444
Central ganglionic system of arteries, 584
Centres of ossification, 35
Centrifugal nerve fibres, 47
Centripetal nerve fibres, 47
Centrum ovale majus, 751 minus, 751

cells, 13

Chambers

of the eye, 892
Chassaignac's tubercle, 122
Check ligaments, 319
Cheek, muscles of, 396
Cheeks, structure of, 922
Chest, muscles of front of, 468

;

side,

472

;

8

;

;

INDEX
of, 219; surgical anatomy
220
Chiasma, or optic commissure, 778
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surface form

Cohnheim, areas

of,

Colica

Cliolesterine, 3

muscle,
sternal
414;
xiphoid ligament, 328
Chorda dorsalis, 80, 88
Chorda tympani nerve, 798, 911
Chordae tendinese, of right ventricle, 1021
of left, 1024; vocales, 1037; Willisii, 675
Chorion, 85
posterior
Choroid arteries, anterior, 582
594; coat of eye, 883; plexus of lateral
ventricle, 755
of fourth ventricle, 776
Cliondro-glossus
ligaments, 326

;

;

;

;

;

of third ventricle, 759; veins of brain, 674

Choroidal fissure 98
Chromatin, 8
Chromocytes, 2

627;

;

cingulum, 923

Circle of Willis, 583, 594
Circular sinus, 677
Circulation of blood in adult, 1018

Collateral circulation.
See Surgical Anatomy of each artery collateral intercostal artery, 620
fibres of cerebrum,
;

;

764

;

fissure,

743

Collecting tubes of kidney, 1064
CoUes, fascia of, 461
CoUiculus nervi optici, 887
Colon, 984
Colostrum corpuscles, 11 13

Columella

coclilese,

913

Columns

of abdominal ring, 1 1 1 7
of spinal
cord, 716; of vagina, 1103
Columnae earner of left ventricle, 1024 of
right ventricle, 1022
papillares, 1022,
;

in foetus,

;

;

;

;

;

Circumflexus palati muscle, 421
Circumvallate papillse of tongue, 869

;

;

;

;

Communicating artery
581

;

posterior, 582;

of brain, anterior,
pedis,

from dorsalis

660; from ulnar, 616
Compact tissue of bone, 25, 119
Complexus muscle, 436
Compressor narium minor, 396

396
in
;

;

Concentric corpuscles of thymus, 1058
Conception, where effected, 74
Concha, 902

Claustrum, 754, 766
Clava of funicuhis gracilis, 730
Clavicle, 222
development of, 224 fracture of, 503
peculiarities in sexes, 224
surface form of, 224
surgical anatomy
of, 224
Cleft palate, 422
Clinoid processes, anterior, 161
middle,
;

;

;

;

;

;

posterior, 158

Conducting tracts of cord, 7 1
Conductor sonorus, 776
Condjdes of bones. 8ee Bones
Condyloid articulations, 308
143;

fossae,

external, 235

process,
internal, 235

;

foramina,,
185; ridge,
veins, pos-

;

143;

;

676
cones of
Cone-granules of retina, 890
retina, 890
Congenital fissures in cranium, 167 hernia,,
terior, 672,

;

;

100 fraenum of, 1 100 lymphatics
of, 707; muscles of, 466, 11 01; prepuce
of, 1 100
Clivus, 159; of cerebellum, 770
Cloaca, III, 115
Coccvgeal artery, 639 gland, 630 nerve,
844
Coccygeus muscle, 460
Coccyx, 136; development of, 137
Cochlea, 913; aqueduct of, 156; arteries
of, 918
central axis of, 913
cupola of,
;

;

;

;

;

;

infundibulum of, 913
lamina
914 nerves of, 919 scalae of,
916; spiral canal of, 913 veins of, 918
Cochlear artery, 918; nerve, 802, 919
Cochleariform process, 157, 907
Coeliac axis, 622 plexus, 864
;

;

;

;

;

;

nasi,

;

urethrae, 465

female, 467

;

spiralis of,

;

Conarium, 762

Cisterna magna, 725 pontis, 725
Cistern of Pecquet, 698
Clarke's vesicular column, 721
Claustral formation of cortex, 766

1

phrenici

Connuissura brevis of cerebellum, 770
Commissural fibres of brain, 764
Commissure of Gudden, 778
Commissure, optic, 778
Commissures of brain, anterior, 760 middle
or soft, 760 posterior, 760
of spinal
cord, grey, 717
white, 716
Common ligaments of vertebrae, 311
Communicans hypoglossi nerve, 819
peronei, 852
poplitei, 850

sacculi laryngis, 1039

.831

;

;

artery, 596

;

;

;

Columna nasi, 874
Columnar epithelium, 13
Comes nervi ischiadici artery, 640

;

1029
Circulus tonsillaris, 790
Circumduction, 310
Circumferential fibro-cartilage, 24
Circumflex artery of arm, anterior, 604
posterior, 604; of thigh, external, 651
superinternal, 65 1
iliac artery, 644
iliac vein, 690
superficial,
ficial, 649
688 ; nerve, 823 siurgical anatomy of,

Clitoris,

media, 627;

627

1024

;

913

38

;

;

158

sinistra,

of,

artery,

;

Chyle, 7
Chyli receptaculum, 698
Cilia, or eyelashes, 897
Ciliary arteries, 580, 886; ganglion, 784;
short,
muscle, 887
nerves, long, 784
786 processes of eye, 884
Ciliaris muscle, 390; ciliated epithelium,
13;

dextra

1

126

Conglobate glands, 58, 697
Coni vasculosi, 1094
Conjoined tendon of internal oblique and
transversalis, 452, 11 19

Conjunctiva, 898

Connecting
Connective

fibro- cartilages,

24

development of, 18
18; lymphatics of, 18; nerves

tissue, 15

;

;

vessels of,
fibrous,
of, 18; adenoid, 18; elastic, 16
lymphoid, 19; mucoid, or gelatinous,
15
yellow, 16
retiform, 19
18
Conoid ligament, 2i37 tubercle, 222
Constrictor inferior muscle, 418; ixiedius,
418; superior, 419; isthmi faucium, 42 1
in female, 467
urethrae, in male, 465
;

;

;

;

\

;

Contractile fibre

cells,

39

4E

;;
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arteriosus, 1020
Convolution of corpus callosum, 744
Convolutions of cerebrum, structure of, 737
topography of, 744
Convolutions, angular, 740 of corpus callofrontal, 738
cuneate, 744
sum, 744
marginal, 744; occipital, 741; occipitotemporal, 744 orbital, 738; parietal, 739;^
supraquadrate, 744
precuneus, 744
marginal, 740 temporo- sphenoidal, 741

Conus

;

;

;

;

;

;

;

;

;

;

uncinate, 744
;

;

;

;

process, fracture of, 503
Cord, spermatic, 1090 spinal, 714; umbilical, 88
;

Cordiform tendon of diaphragm, 444
Corium of mucous membrane, 69 of skin,
63 of tongue, 868
Cornea, 880
Corneal corpuscles, 881 spaces, 881
Cornicula laryngis, 1034
Cornu Ammonis, 756, 766; foi-mation of,
766
Cornua of the coccyx, 136; of hyoid bone,
210; of the sacrum, 133; of thyroid
;

;

;

cartilage, 1033
Corona glandis, 1086

Coronal suture, 188
;

ligaments of knee, 366
of liver, 995
plexus, anterior, 862
posterior, 862
sintis, 695
opening of, 1020 valve, 696,
;

;

;

;

;

1020
Coronoid depression, 235 process of jaw,
of ulna, 238
185
Corpora albicantia, 749; Arantii, 1022,1024;
mammillaria, 749
cavernosa penis,
1086 crura of, 1086; cavernosa clitoridis,
iioi; geniculata, 759,763; quadrigemina,
762 striata, 753 veins of, 674
Corpus callosum, 751, 764 convolution of,
744; genu of, 751; peduncles of, 751;
ventricle of, 751; dentatum of cerebellum, 774 of olivary bodj^ y2)3 fii-"-^briatum, 758
Highmorianum, 1093
spongiosum, 1087
Corpus cavernosum, artery of, 639 dentatum, 771, 774
;

;

;

;

;

;

;

;

!

;

;

;

Corpuscles, blood, 2 coloured, 2
white, 3
Corpuscles, development of, 102 of Herbst,
49 Malpighian, ofkidnej^ 1063 of Purkinje, yj^)
of spleen, loii
tactile, 49
of Vater, 48
Corrugator cutis ani, 459; supercilii muscle,
391
Cortes of cerebrum, 765 of cerebellum, 772
;

;

;

;

;

!

;

;

;

membrane
of,

of,

916; organ

of,

916;

916

Cortical arteries of brain, 584
Cortical columns, 1062; cortical arches, 1062
Cortical substance of brain, 765
of kidney,
1062
of suprarenal capsules, 1072
of
;

;

teeth,

;

928

Costal cartilages, 23, 218; connection with
ribs, 328
process, 122, 129
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

701

formation of, 11 19
Cremasteric artery, 643 fascia, 452
Crescents of Gianuzzi, 938
Crest, frontal, 149; of ilium, 262; lachrymal,

Cremaster muscle, 452

;

;

radiata, 45, 764

;

Coronary artery of stomach, 623
arteries of
Coronary arteries of lip, 564
heart, 549; peculiarities, 550; ligament

rods

Costo-chondral articulation, 328
costoclavicular ligament, 335
costo-coracoid
fascia, 470 costo-coracoid ligament, 470;
costo-transverse articulations, 324 costovertebral articiilations, 323
costo-vertebral ligaments, 323
chondro-xiphoid
ligaments, 328
Costo-transverse articulation, 323
Cotunnius, nerve of, 790
Cotyloid cavity, 265 ligament, 359 notch,
265
Coverings of direct inguinal hernia, 1127
of femoral hernia, 11 36; of oblique,
1123 of testis, 1092
Cowper's glands, 1085, 1142
Cranial bones, 141 articulations of, 186
Cranial fossae, 190
Cranial Nerves, 776 eighth pair, 801
eleventh, 809 fifth, 782 first, y77 fourth,
781; ninth, 802; second, 778; seventh,
796 sixth, 795 tenth, 803 third, 779
twelfth, 809
Cranial nerves, development of, 97
Cranial sutures, 186
development of, 90, 166
Ci'anium, 141
congenital fissures in, 167 lymphatics of,
;

coracoCoraco-acromial ligament, 338
coraco-clavicular
brachialis muscle, 478
coraco-humeral ligament,
ligament, 335
314
process, 229
Coracoid ligament, 339

Corti,

Costo-central articulation, 323

internal,
occipital, 141
nasal, 168
143; turbinated,of palate, 178; of superior
maxillary, 172
of os pubis, 264 of spine
of tibia, 282
of scapula, 227
Cribriform fascia, 510, 11 30; plate of eth-

174

;

;

;

;

;

;

moid, 164
Crico-arytenoideus lateralis muscle, 1038;
posticus muscle, 1038
Crico-thyroid artery, 561 membrane, 1035
muscle, 1038
Cricoid cartilage, 1033
Crista falciformis, 155; galli, 164, 191
vestibuli, 912
pubis, 264
Crochet of uncinate gyrus, 744
Cross pyramidal tract, 719, 729
Crown of a tooth, 923
ligaments
Crucial anastomosis, 640, 651
of knee, 365
Cruciform ligament, 316
of corpora cavernosa,
Crura cerebri, 750
of diaphragm,
1086; of clitoris, iioi
;

;

;

;

:

;

;

444 of fornix, 757
Crural arch, 450, 1131; deep, 457, 1134;
;

canal,

1

134; nerve, anterior, 841

anatomy

;

surgical

853; ring, 1134; sheath,
1133 septum, 1135
Crureus muscle, 514
Crus penis, 1085
Crusta petrosa of teeth, 928 of crus cerebri,
75o> 763
Crypts of Lieberkiihn, 979
Crystalline lens, 893
of,

;

;

Crystals, blood, 6

Cuboid bone, 293

Culmen of cerebelliim, 770
Cuneate lobe, 744; funiculus, 731
Cuneiform bone, hand, 250; foot, external,
carti296 internal, 294 middle, 295
;

lages, 1034

;

;

8

1

;;
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Cupola of

coclilea,
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Development

913

Cfirvatiires of the spine, 138
Cuspidate teeth, 924
Cutaneous branches of anterior tibial
nerve, 852; of cervical plexus, 818; of
circiunflex, 823
of dorsal nerve of penis,
of external
849 of dorsal nerves, 832
internal, 850; of inferior
popliteal, 851
haemorrhoidal nerve, 847 of iHo-hypoof ilio-inguinal, 839
of
gastric, 838
of lesser sciatic
intercostal nerves, 834
nerve, 847
of lumbar nerves, 836 of
median, 827 of niusculo-spiral, 830 of
of arm, musculouhiar nerve, 828
lesser
cutaneous, 826
internal, 826
internal, 826
of buttock and thigh, 847
of ischio-rectal
of inguinal region, 1129
region, 1138; from obturator, 841; of
internal, 842
thigh, external, 839
middle, 842 of patella, 843 of perineal
nerve, 849; of plantar nerve, 851
of
posterior tibial, 850
of radial, 831
of
sacral nerves, 844
of ulnar, 828
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

carpus, 258; clavicle, 224 coccyx
cranium, 90, 166
ear, 99
ethmoid, 166 eye, 97
;

;

face,

femur, 277
fibula, 286
frontal bone, 151

90

301

;

;

genital organs, 112

hand, 258
heart, 103
humerus, 235
hyoid bone, 210
inferior turbinated bone, 181
lachrymal bone, 175; lens, 98; lower
jaw, 185
lumbar vertebrae, 131
malar bone, 176 mammee, 100 metacarpus, 258 metatarsus, 300 muscles, loi
nasal bone, 169
nervous centres, 93
nose, 100
;

;

;

;

;

;

;

;

;

;

occipital bone, 145 os innominatum, 265
palate, 92; palate bone, 181; parietal
;

bone,

patella, 280
permanent
932; phalanges of hand, 259;
of foot, 300
radius, 244; ribs, 218
sacrum, 135; scapula, 230; seventh

147

;

;

teeth,

cervical,

162

;

foot,

;

;

Cuticula dentis, 931
Cutis vera, 63
Cuvier, ducts of, 106
Cylindrical epithelium, 13
valve of,
Cystic artery, 625
duct, 1002
1003 plexus of nerves, 864; veins, 695
;

137;

;

Cuticle of skin, 61

;

{continued)

skin, 100; sphenoid,
sternum, 213 superior

131;

spine, 88

;

;

;

maxillary bone, 173
300 temporary teeth, 929 temporal bone, 157 tibia, 284
ulna, 242
veins, 105
vertebrae, 129
vomer, 182

tarsus,

;

;

;

;

;

Wormian, 167
Development of organs, chronological

Dartos, 1089

Decidua, 86; serotina, 87; reflexa, 86; vera,
86
Deciduous teeth, 923
Decussation of optic nerves, 77?>; of pyramids, 729
Deep crural arch, 457, 1134; palmar arch,
610 perineal fascia, 464, 1 140
Deferent artery, 635
Deglutition, actions of, 422
Deltoid aponeurosis, 473
muscle, 473
tubercle, 222
Demilimes of Heidenhain, 938
;

;

Demours, membrane
Dens sapienti^e, 925

of,

;

Diameters of pelvis, 269
Diaphragm, 443
development
;

lymphatics

;

;

farrow, 929
germ, 929
1 70
lamina, 929
nerves, anterior, 788
inferior, 792
middle, 788 posterior, 787
pulp, 932
sacs, 930
tubuli, 927
vein,
;

;

;

;

;

;

;

;

;

;

;

mferior, 670

of,

1

10

710

of,

Diaphysis, 35
Diarthrosis, 2)^7
Digastric muscle, 411; fossa, 154; lobe of
cerebellum, 770 nerve, from facial, 798
Digestion, organs of, 921
Digital arteries from ulnar, 616; plantar
564; cavity of lateral ventricle, 752
;

fossa,

273

nerves from median, 828
from ulnar, 829; of
831

;

radial,

;

850

foot,

inferior, 570 posterior, 571
canal, anterior, 170; inferior, 184; pos-

table

T17

from

881

Dental artery,
terior,

of,

Dilatator naris anterior, 396 posterior, 396
Diploe, 120 veins of, 673
Direct inguinal hernia, 11 26; course of,
pyramidal
1 1 26;
coverings of, 11 27;
;

;

tract,

718

Disc, intermediate, 2i7 lateral, ^^7 median
transverse, 37
of Hensen, 38
development of, 102
Discs, blood, 2
Discus proligerus, 72,,
Dissection of abdominal muscles, 447
arm, 473 auricular region, 389 axilla,
\

;

;

Dentate fissure, 744
Dentinal sac, 930 sheath, 927 tubuli, 927
Dentine, 927 formation of, 931
Depressions for Pacchionian bodies, 147,
;

;

;

;

im

;

;

467

149

Depressor

alae nasi,

epiglottidis,

1039

396
;

;

anguli oris, 398

labii inferioris,

;

397

Derma, or true skin, 63
Dermic coat of hair follicle, 65

Development

of

atlas,

130;

ahmentary canal and
108
arteries, 104
bone, 30
;

its

;

;

Descemet, membrane of, 881
Descendens hypoglossi nerve, 8 1
Descending aorta, 617 colon, 9S4
muscle of abdomen, 448
Descent of testicle, 1097
;

back, 427
eye, 882
epicranial region, 387
femoral hernia, 1128; face, 390; foot,
forearm, 481
535
gluteal region, 5 1
left
hand, 492 heart, left auricle, 1022
ventricle, 1024; right auricle, 1018;
hernia, femoral,
right ventricle, 102 1
1128 inguinal, 1115
iliac region, 507
;

;

oblique

axis, 130;
appendages,

;

;

;

maxillary region, 397
infrainguinal hernia,
hyoid region, 409

inferior

;

;

1 1

15; ischio-rectal region, 1137

4 E
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or auricle of, 902
semicircular canals,
912; surgical anatomy of, 919; surface

of intermaxillary region, 398
526 lingual region, 413
neck, 404
orbit, 392
palatal region, 420 palm of hand, 492
palpebral region, 390; pancreas, 1005
perinseum, 11 37
pectoral region, 467
pharynx, 418 pterygoid muscles, 401

Dissection
leg,

;

;

form

of, 905
tj-mpanum, 905
911
Ear, development of, 99
Earthy constituents of bone, 30

;

;

;

radial region, 486
scalp, 387
sole of foot, 537

;

;

;

;

;

Diverticulum, Meckel's, 976
Division of cells, 10; direct, 11 indirect, 10
Dorsal artery of penis, 639
Dorsal nerves, 832 posterior divisions of,
832 anterior divisions of, 834 roots of,
832 peculiar, 835
Dorsal nerve of penis, 849
Dorsal vein of penis, 691
Dorsal vertebrtL', 125; pectiliar, 127
Dorsales poUicis arteries, 612
Dorsalis hallucis artery, 660 indicis, 612;
linguae, 561 pedis, 659 branches of, 660
;

;

;

;

;

;

;

;

660

of,

;

anatomy

surgical

;

660 surface marking
604
Dorsi-lumbar nerve, 837
Dorsi-spinal veins, 686

of,

;

Dorsum

of scapula, 225

660

of,

scapulae,

;

of,

ephippii or

;

sellae,

semilunar

1104;

961,

Ducts or Duct,

of Bartholin, 938 biliary,
of Cowper's glands, 1081 of Cuvier,
106; cystic, 1002; ejaculatory, 1096; of
Gartner, 114; galactophorous, 11 13; hepatic, looi, 1002; of kidney, 1069; lactilymphatic,
ferous, 1 1 13; of liver, looi
right, 699 nasal, 900 of pancreas, 1006
parotid, 936 Rivini, 937 seminal, 1094
Stensou's, 936 thoracic, 698 Wharton's,
;

;

;

;

;

;

;

;

;

;

;

;

937
Ductless glands: spleen, 1008; suprarenal
capsule, 1071
thyroid, 1055
thymus,
1057
Ductus arteriosus, 548, 1028 how obliterated in foetus, 1031
communis choledochus, 1003; endo-lymphaticus, 912;
pancreatictis accessorius, 1006
Eivini,
937 santorini, 1006 venosus, 106, 1030;
how obliterated, 1031
Duodenal glands, 979 loop, 95 1 mesentery,
952
Duodenum, 973
vessels and nerves of,
;

;

;

;

;

;

;

;

;

;

975

Dura mater

;

;

;

;

surgical

nerves

anatomy

of,

;

of,

346

of brain, 723
arteries of, 723
nerves of, 724 processes of, 724 veins
of, 723;
of cord, 712; peculiarities of,
712
Dyaster or daughter star, 10
;

;

;

;

and

345

Eleventh nerve, 809 surgical anatomy of,
809
Embryo, first rudiments of, 79 develop;

;

ment of, 88
Eminence of aqueductus

Fallopii,

907

canine, 170; frontal, 148; ilio-pectineal,
262; nasal, 149; parietal, 146
Eminences and depressions of bones, 1 20
Eminentia articularis, 152; coUateralis,

756

776

teres,

;

veins, 678
Enamel cells, 930 ; droplet, 931 epithelium,
930; of teeth, 928; formation of, 930;
organ, 930 rods, 928
;

Enarthrosis, 308
End-bulbs of Ivrause, 47
End-plates, motorial, of Kiilme, 50
Endocardium, 1025

Endolj'mph, 914
Endomysium, 36

Endoneurium, 45
Endothelium, 12
Ensiform appendix, 213
Entoderm, 79
Eosinophile cells, 4
Eparterial division of bronchus, 1042
Epencephalon, 94
Ependj'ma, 752
Epiblast, 76, 79
Epicondyles, 234

Epidermic coat of hair

follicle,
;

;

;

;

;

;

;

;

;

;

;

;

or glandular, 13;

;

;

;

Ear, 901
arteries of, 903, 910, 918; auditory canal, 904; cochlea, 913; internal,
or labyrinth, 911; membranous labyrinth, 914; muscles of auricle, 903; of
tympanum, 910 ossicula of, 908 pinna

65

Epidermis, structure of, 62
development
of, 100
Epididymis, 1094; development of, 114
Epigastric artery, deep, 643 peculiarities,
644 relation to femoral ring, 11 34 with
internal ring, 1121
superficial, 649;
region, 947
superior, 598
plexus, 862
vein, 690 superficial, 688
Epiglottic glands, 1040
Epiglottis, 1034
Epimysium, 36
Epineurium, 45
Epiphysial cartilage, 30, 34
Epiphysis, 35, 120
Epiphysis cerebri, 761
Epithelium, 12 ciliated, 13 columnar, 13
cylindrical, 13 pavement, 12 spheroidal
;

;

vessels

;

;

fold of, 455

looi

Ectoderm, 79
Efferent nerves, 47
Egg-tubes, 113
Eighth nerve, 801
surgical anatomy of,
802
Ejaculator seminis muscle, 463
Ejaculatory ducts, 1096
Elastic lamina of cornea, 882
cartilage, 24
Elbow, bend of, 605 joint, 343 anastomoses around, 608 surface form of, 346

Emissary

158

Douglas, pouch

vestibule,

;

;

spinal cord and memsupra-hyoid region, 411
branes, 712
thigh, fi.-ont of,
temporal muscle, 400
510 back of, 524 inner side of, 515

peculiarities

;

stratified,

14; transi-

See Various Organs
Epoophoron, 11 1 114
of penis,
Erectile tissue, its structure, 1087
1087 of clitoris, i loi
tional, 15.

,

;

;

;;
;;

;;

INDEX
Erector

iioi;

466,

clitoriclis,

spinse,

penis,

464

Falciform process of fascia lata, 512 ligament of liver, 995 ligament of sacrosciatic articulation, 332
Fallopian tubes, 1 108 development of, 1 1 1
fimbriated extremity of, 1108; lymphatics of, 708 nerves of, 1 112
structure of.
1108 vessels of, iii2
False ligaments of bladder, 1077
pelvis,
267 ribs, 215
Falx cerebelli, 724 cerebri, 724
Fangs of teeth, 923
Fascise, general description of, 385
Fascia, anal, 1 146 of arm, 473
of cranial
region, 388
cervical, deep, 405
superficial, 404
of Colles, 461
costo-coracoid, 470;
cremasteric, 452 cribriform, 11 30
deep, 386; dentata, 756; dorsal of foot,
536
fibro-areolar, its structure, 385
plantar,
of foot, 535
of forearm, 481
of hand, 492
iliac, 507; infundibuliform, 1121
intercolumnar, 450, 1117 intercostal, 441
intermuscular, of arm, 478
of foot,
536; ischio-rectal, 1146
lata, 510, 1 130;
falciform process of,
1 131;
iliac portion, 512, 1131; pubic
portion, 512, 1131; of leg, 526; deep
transverse, 530 liimboriun, 432
of mamma, 468; masseteric, 400
of neck, 403
obturator, 1146
palmar, 494 parotid, 400, 406 pelvic,
1 145
perineal, deep, 1140; superficial,
1
pharyngeal, 406; plantar, 535;
1 39;
prevertebral, 406 propria of spermatic
cord, 1090; of femoral hernia, 1128
recto-vesical, 1146
of Scarpa, 448; spermatic, 450, 11 18;
superficial, 386
of inguinal region,
1 1 15; of ischio-rectal region, 1138; of
thigh, 509
temporal, 400 of thigh, deep, 510; superficial, 510; of thorax, 441, 468
transtriangular, 451
versalis, 1121
;

434

Eruption of

1157

;

teeth, 933

tlie

Erythroblasts, 2

;

;

Ethmo-sphenoiclal

sntiu-e, 191

Ethmoid bone,

articulations of, 166
163
cribriform plate of, 1 64 development of,
166; lateral masses of, 164; perpendi
cular plate of, 164; os planum of, 165
imciform process of, 165
Ethmoidal artery, 578 canal anterior, 1 50
posterior, 150; cells, 164; notch, 149;
process of inferior turbinated, 181 spine,
158
Ethmo-frontal suture, 191
;

;

;

;

Eustachian tube, 157, 908; siu-gical anatomy of, 920 valve, 1020; in fcetal heart,
;

1028
Expiration, muscles

of,

447
brevis digitorum
muscle, 536 carpi radialis brevior, 487
longior, 487 carpi ulnaris, 489 communis digitorum (hand), 488
indicis, 491
longus digitorum (foot), 527; minimi
digiti, 488
ossis metacarpi poUicis, 489
proprius hallucis,
brevis pollicis, 491
527 longus pollicis, 491
Extensor primi internodii pollicis.
See
Extensor longus pollicis
Extensor secundi internodii pollicis. See

Extensor

438

coccj'gis,

;

;

;

;

;

;

;

;

;

;

Extensor brevis poUicis
External abdominal ring, 449,
lar ligament, 535;

1 1 17
annucapsule, 754; mguiorbital foramina, 161
;

nal hernia, 1123
pterygoid plate, 162; spermatic fascia,
sphincter ani, 459
450, 1118
External and inferior frontal artery, 582
Extrinsic muscles of tongue, 415
Eye, 879 appendages of, 896 chambers
of, 892
ciliary muscle, 887
processes
of, 884
humoiu-s of, 892 aqueous, 892
crystalline lens,
vitreous,
892
893
membrana pupUlaris, 887 choroid, 883
conjunctiva, 898
cornea, 880
hyaloid
membrane, 892 iris, 885 Jacob's, 890;
retina, 887
sclerotic, 880 pupil of, 885
tunics of, 880 uvea of, 885
A-essels of
globe of, 894 elastic lamina of cornea,
882 surgical anatomy of, 895
Eye, development of, 97
Eyeball, muscles of, 392 nerves of, 895
vessels of, 894
Eyebrows, 896
Eyelashes, 897
Eyelids, 896
cartilages or plates of, 897
developinent of, 99
Meibomian glands
of, 897
muscles of, 390 tarsal ligament
of, 897
Eye-teeth, 924
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

visceral layer of pelvic, 1 146
See Eminentia teres
Fasciculi teretes.
Fasciculus, of Tlirck, 718; unciformis, 748
Fat, 20 fat cells, 20
;

Fauces, isthmus

of,

;

;

;

;

of, 668
Facial artery, 562
surgical anatoray of,
transverse,
peculiarities of, 564
565
567; bones, 167; nerve, 796; surgical
surgical
anatomy of, 801
vein, 669
;

;

;

;

anatomy

of,

669

;

934

ovum, 74
Organs of Generation

Fecundation

Female

vestibuli,

i

of

loi

;

bulbi
carunculae myrtiformes,
:

iioi; clitoris, 11 00; development of,
113, 116; fossa navicularis, iioo; glands

hymen, iioi labia
of Barthohn, iioi
majora, 1099; minora, 11 00; nymphse,
vagina, 11 02; vesti1 1 00; uterus, 1103
;

;

;

644

common, 646
of, 562
bones of, 141, 167;
development of, 90 muscles of, 386
lymphatics of, 699 nerves of, 796 veins

;

;

bule, IIOI
Femoral artery,

Face, arteries

;

;

;

branches

deep, 650

;

of,

649

superficial,

of, 647
surgical ana surface marking of, 647
size
or crural canal, 1 134 variation
of, according to position of hmb, 1135
hernia, complete, 1136; coverings of,
•I 1 36
descent of, 1 1 36 dissection of,
II 28; incomplete, 11 36; seat of stricsurgical anatomy of, 11 28
ture, 1136
region, muscles of anterior, 509 internal.

646

;

tomy

peculiarities
of,

647

;

;

m

;

;

;

;

;

;

;

;
;;
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Femoeal

(continued)
515; posterior, 524; ring, 11 34; position of surrounding parts, 1 1 34
sheath, 1133; spur, 276
relation of femoral ring, 11 34
vein, 689
Femur, 271 articulations of, 277 attachment of muscles to, 278 development
fracture of, above condyles, 544
of, 277
head of, 272
below trochanters, 544
neck of, 272 trochanters of, 273 condyles of, 276 structure of, 276
neck,
surface form of, 278
fracture of, 543
surgical anatomy of, 278
Fenestra ovalis, 907 rotunda, 907, 913
Fenestrated membrane of Henle, 17, 52
Ferrein, pyramids of, 1064
;

;

;

;

;

;

;

;

;

;

;

;

;

Fertilisation of ovum, 74
Fibre-cells, contractile, 39
Fibres of muscle, 36
of Miiller, 890

;

;

nerves, 39, 50
Fibrin, i, 5

of

;

Fibrinogen, i, 5
Fibrin ferment,

of

Eemak, 43

i

torum, 537 brevis minimi digiti, (hand)
499; (foot), 540; brevis polhcis, 496
brevis hallucis, 539; carpi radialis, 482
ulnaris, 482
digitorum sublimis, 483
digitorum profundus, 484 longus digitorum, 532 longus pollicis, 485 longus
hallucis, 531
ossis metacarpi pollicis,
495
Floating ribs, 215
Flocculus, 770
Flood's ligaments, 340
;

;

;

;

;

;

Fluids of the body,

i

m, 1029; Eustachian
valve in, 1028 foramen ovale in, 103,
1028 liver of, distribution of its vessels,
1029; ovaries in, 113; vascular system
in, peculiarities, 1028
Fold of Douglas, 452, 455
Folds, aryteno-epiglottidean, 1036; genital,
116; recto-uterine, 11 04; recto-vesical,
1077; vesico-uterine, 1104
Folitun cacmninis, 770
Follicle of hair, 65
of intestine, 979
Follicles, sebaceous, 66
Fontana, spaces of, 882
Fontanelles, 144, 166
Foot, arteries of, 659, 663 bones of, 287

Foetus,

circulation
;

;

;

Fibro-cartilage, 23
interarticular, 23 connecting, circumferential, and stratiform,
24; yellow, 24
Fibro-cartilages, acromio-clavicular, 337 ;
intercoccygean, 333 intervertebral, 312 ;
of knee, 366; of lower jaw, 321
pubic,
333 radio-ulnar, 349 sacro-coccygean,
333 sterno-clavicular, 335
;

;

;

;

;

;

;

Fibrous cartilage, 23 connective tissue, 1 5
nervous matter, 41 rings of heart, 1025
;

;

;

;

tissue white, 15; yellow, 16
Fibro-serous membranes, 68
Fibula, 285
articulations of, 286
attachment of muscles to, 287 development
;

;

;

of, 286
fracture of, with dislocation of
the foot, 545
surface form of, 287
Fibular region, muscles of, 533
Fifth nerve, 782 surface marking of, 794
;

;

;

surgical anatomy
brain, 757

of,

794

ventricle

;

of

;

;

;

;

;

;

;

;

;

transverse, of liver, 996
of cerebrum,
756 umbilical, 996 for vena cava, 996
Fissures, congenital, in cranium, 167
calcarine, 743
collateral, 743
callosomarginal, 742 dentate, 744
;

;

;

;

;

intra-parietal, 739
parallel, 741
parieto-occipital, 738,
j)recentral, 738
;

Ptolando, 738
Sylvius, 738, 745
Flat bones, 1 19
Flexor accessorius muscle, 538

743

;

dorsum, muscles
of, 536; fascia of, 536; ligaments of,
376; sole of, muscles of, 536; fascia of,
nerves of, 850
surface form of,
535
surgical anatomy, 302
veins of,
302
689
Foramen csecum of frontal bone, 149, 191
of medulla oblongata, 728 of tongue, 868;
300

of,

;

;

;

;

;

;

;

carotid, 156; condyloid, 143, 144; dental
184; ethmoidal, 191; incisive,

inferior,

193;

jugi-Jar,

infra-orbital,

193;

170;

intervertebral, 139; lacerum anterius,
161, 192; medium, 192; posterius, 193;
of Majendie, 725, 775; magnum, 142;
mastoid, 153; mental, 183; of Monro,
obturator, 265 oiDtic, 161, 192;
755, 761
ovale of heart, 103, 1028
of sphenoid,
160, 192; palatine anterior, 172, 193;
posterior, 178, 193; parietal, 146; ptery;

Filiform papillae of tongue, 869
Fillet of the gyrus foniicatus, 764
fiUet,
inferior or lateral, 762
superior or
mesial, 763
Fihuxi terminale of cord, 714
Fimbriae of Fallopian tube, 1108
First nerve, yyy
surgical anatomy of, 778
Fissure, auricular, 157; horizontal of cerebellum, 796 of ductus venosus, 996 for
gall-bladder, 996; Glaserian, 152, 906;
of liver, 996 longitudinal of liver, 996
longitudinal of cerebrum, 735, 748; of
lung, 1049; of medulla oblongata, 728
portal,
pterygo-maxillary, 198
996
spheno-maxillary, 198
sphenoidal, 161
of spinal cord, 715; Sylvian, 738, 748
;

;

development

;

;

quadratumof diaphragm,
rotundum, 160, 192 sacro-sciatic,
263, 332; of Scarpa, 173, 193; of Som-

go-palatine, 160:

445

;

;

merring, 887; spheno-palatine, 180, 199;
spinosum, 160, 192
of Stenson, 173,
193; sternal, 211; stylo -mastoid, 157;
supra-orbital, 149; thyroid, 265 Vesalii,
of Winslow, 958
160, 192
Foramina, sacral, 132, 133; of diaphragm,
external orbital, 161
of Key and
445
Ketzius, 726, 775; malar, 175; olfactory, 164; Thebesii, 696, 1020
Forearm, arteries of, 609 bones of, 237
lymphatics of, 703
fascia of, 481
muscles of, 481 nerves of, 827 veins of,
;

;

;

;

;

;

;

;

;

;

;

680
Fore-gut, development
Form of bones, 1 19

of,

108

Formatio reticularis of medulla, 733
Formation of the cornu Ammonis, 766
conjunctivae,
Fornix, 757 bulbs of, 749
898 crura of, 757
of antihelix, 902
Fossa acetabuli, 265
canine, 169; condyloid, 143; cochlearis,
912; cystis fellese, 996; digastric, 154;
;

;

;

;

;

brevis digi-

;

;

;

INDEX
273 glenoid, 228 of helix, 902
262 infra- and supra-spinotis, 225
incisive,
183; innoniinata, 902;
169,
iscliio-rectal, 1137; jugiUar, 156; lachrymal. 150; myrtiform, 169; navicularis
of urethra, 1081 of vulva, iioo; occipital,
ovalis,
olfactory of foetus, 100
143
1020; palatine anterior, 172; pituitary,
158 pterygoid of sphenoid, 162 of lower
scaphoidea,
scaphoid, 162
jaw, 185
902; sigmoidea, 154; spheno -maxillary,
198; of skull, anterior, 190; middle, 191;
subscapular, 225
subposterior, 192
submaxillary, 1 84
temlingual, 1 84
poral, 197; triangularis, 902; trochanvesicalis, 994; zygomatic, 197
teric, 273
Fossa inguinalis lateralis, 11 23; mesialis,
1 123; supra vesicalis, 1123
of skull, 190
Fossie, nasal, 201, 875
Fourchette, iioo
digital,

iliac,

;

;

;

fissiure for,

;

of,

;

;

;

;

;

;

;

;

;

;

;

Fourth nerve, 781
781

Fovea

;

siu-gical

;

ventricle, 774
inferior of fourth

anatomy

of,

;

;

;

;

;

;

;

of tibia, 545

shaft
humerus, anatomical neck, 237
non-union of, 237
surgical
of, 504
;

;

;

neck, 504

neck of femur, 543
olecranon process, 505
patella, 545
Pott's, 545

;

valve

Ganglion oe Ganglia, General Anatomy
of iVndersch, 802
Arnold's,
of Bochdalek, 788, 790
cardiac, 862; carotid, 856; cephalic, 784;
of,

793

50

;

;

;

cervical,

inferior,

superior, 856

859

ciliary,

;

middle, 859
784 on cu"cum;

;

flex nerve,

823
diaphragmatic, 864
on facial nerve, 797 of fifth nerve, 784
Gasserian, 782
of glosso-pharyngeal,
805 geniculate, 797
impar, 854, 861
inferius, 805
intercarotid, 859
on posterior interosseous
;

;

;

;

;

;

nerve, 831
jugular, 805
lenticular,

784

Meckel's, 788

lingual, 859

;

lumbar, 860

;

mesenteric, 865

;

ophthalmic, 784 otic, 793
petrous, 803; pharyngeal, 859; ofpneumogastric, 806
of portio dura, 797
of
Eibes, 858; of root of vagus, 805
sacral, 861
semilunar, of abdomen, 862
of fifth nerve, 784
spheno-palatine,
of spinal nerves, 813
spirale,
788
919; submaxillary, 794; suprarenal,
864; of sympathetic nerve, 854
temporal, 859 thoracic, 860
thyroid,
859 of trunk of vagus, 805
of A-'alentin, 788
of "Wrisberg, 862
Ganglion of the cerebeUum, 774
;

;

;

;

;

;

;

;

;

;

Ganglion corpuscles, 51
Ganglionic branch of nasal nerve, 784
Ganglionic nerves, 45
Gartner, duct of, 114
Gases of the blood, 6
Gasserian ganglion, 782 depression for, 155
artery,
Gastric arteries (vasa breviaj, 625
623 follicles, 970 impression of liver,
plexus,
nerves from vagus, 808
994
;

;

radius, 505 ; lower end of, 506 neck of,
shaft of, 505, and ulna, 506
505
tibia, shaft of, 545
uhia, shaft of, 505
Fraena of ileo-caecal valve, 984
Fraenulum of Aaeussens' valve, 772
Frsenum clitoridis, 11 00; labii superioris et
;

;

linguse, 867
praepiitii,
922
1086
Frontal artery, 580; bone, 148; articulations of, 151; attachment of muscles to,
151; development of, 151; structiu'e of,
151; crest, 149; eminence, 148; lobe,
738; nerve, 783; process of malar, 175
sinuses, 149; suture, 148, 151
vein, 668
Frontalis muscle, 389
Fronto-nasal process, 92
Fronto-sphenoidal sutiure, 188
inferioris,

;

;

;

;

of uterus,

103

1

;

;

;

;

864 vein, 694
Gastrocnemius muscle, 528
;

Gastro-colic,

omentum, 965

plexus, 864
Gastro-epiploica dextra artery, 624; sinistra,

Gastro-duodenal artery, 624

of nerve, 45

Funiculus cuneatus, 729; gracilis, 730; of
Kolando, 729 teres, 776
FiU'row, auriculo -ventricular, 1018 genital,
116; interventricular, 1018
Furrowed band of cerebellum, 770
;

;

625
Gastro- epiploic plexus, 864 veins, 693
Gastro-hepatic omentum. 964
Gastro-phrenic ligament, 968
Gastro-splenic omentum, 965
Gelatinous connective tissue, 18
Gemellus inferior muscle, 522; superior,
522
Geneeative Oegans, development of, 112;
female, 1099; male, 1083
Genial tubercles, 183
Geniculate bodies, 759, 763 ganglion, 797
Genio-hyo-glossus muscle, 413
Genio-hyoid muscle, 412
Genital cord, in; corpuscles, 48 folds,
116; farrow, 116; ridge, 112; tubercle, 116
Genito-crural nerve, 839
Genu of corpus callosiim, 751
Gerlach's nerve network, 721
Germinal area, 76 disc, 76 epithelium,
112 matter, 8 vesicle, 73 spot, 73
Giant cells, 26
Gianuzzi, crescents of, 938
Gimbernat's ligament, 450, 1132
;

;

;

;

Galactophorous ducts, 11 13
Galen, veins of, 695, 759
Gall-bladder, 1 002
development
;

;

;

Fiuigiform papillae of tongue, 869

Funicuh

;

;

ventricle,

776
hemispherica, 912
centralis retina, 887
superior of fom-th ventricle, 776 semielliptica, 912
Feactuee of acromion process, 503
acromial end of,
centre of clavicle, 503
coronoid
503 coracoid process, 503
process of ulna, 246
femur above condyles, 544 below trochanters, 544; fibula, with dislocation

Fundus

996 structm-e of, 1002
1002; surface form, 1003

;

;

;

"59

of,

no

;

;

;

9

8

1

;

INDEX

ii6o

mo

pelvic, 221
Girdle, shoulder, 221
Glabella of frontal bone, 149, 199
Gladiolus, 211
;

Great omentum, 965

;

siu'gical

tubular, 7
1008; spleen,

1071

supararenal,
roid, 1055

;

1008;

thymus, 1057

thy-

;

per's, 1085,

;

;

;

;

1

Gums, 922

;

Gustatory nerve, 792
Gyri, or convolutions

Liischka, 630
2

Meibomian, 897 molar,

;

;

mucilaginous of Havers, 306
odoriferae, 1086
oesophageal, 944
palatal, 934,
of Pacchioni, 675, 724
939 parotid, 935 Peyer's, 980 pharyngeal, 942
pineal, 761
pituitary,
749; prostate, 1083
solitary,
salivary, 935
sebaceous, 66
sublingual, 937
submaxillary,
979
937 sudoriferous, 66; suprarenal, 1071
thymus, 1057; thyroid, 1055; tracheal,
1043; of Tyson, 1086
922

128

;

922 lachrymal, 899 of larynx,
of
1040; lingual, 870; of Littre, 1081
1

1

;

970

mammary, 11

;

of,

01
Growth of bone, 34
Gubernaculum dentis, 932 testis, 1097
Gulf of internal jugular vein, 671
lar,

of Havers, 306
labial,

;

;

;

duodenal, 979
epiglottic, 1040
gastric,

849

853

Groove, auriculo- ventricular, 1018; bicipital,
233; cavernous, 159; infra -orbital, 170;
lachrymal, 172 mylo-hyoid, 184; nasal,
168; occipital, 154; optic, 158; subclavian, 218
Grooves in the radius, 244 interventricu-

of biliary ducts, 1003;
buccal, 922
coccygeal, 630 Cow-

142

1

sciatic nerve,

;

of,

;

;

Brmmer's, 979
ceruminous, 905

anatomy

anatomy

gical

;

;

cells,

;

Glands, Lymphatic, 58
Gland or Glands, Secreting, 70 accesssory of j)arotid, 936 arytenoid, 1040
of Bartholin, iioi

;

;

compound

Glands, Ductless,

struc-

Greater wings of sphenoid, 1 60
Grey matter of cerebelhmi, 772 of cerebrum, 765 of medulla oblongata, 733;
of spinal cord, 720
Grey nervous substance, 41
Groin, 1128; cutaneous vessels and nerves
of, 1128
superficial fascia of, 1128 sur-

;

;

;

;

;

Glands, development of, 100
tubular, 71
Glands, simple secreting, 71
convoluted tubular, 71 i-acemose or saccular, 7 1

mi;

losa of, I II I
ovicapsule of,
ture of,
Gracilis muscle, 515Granular formation of cortex, 766
18
layer of dentine, 928

Gingival branches of dental nerves, 787
Ginglymus, 308
Giraldes, organ of, 114

;

of brain,

Gyri, annectant, 740, 741

736

operti,

;

742

Gyrus

fornicatus, 744
Gyrus, or lingual lobule, 744

;

;

;

;

;

;

;

;

;

;

;

uterine, 1 106
of vulva, IIOI

Glandute

Hsematoidin

Hsemin

crystals, 6

crystals, 6

Haemoglobin, 3 crystals, 6
Haemorrhoidal artery, inferior, 638 middle,
636 superior, 627 nerve, inferior, 847
plexus of nerves, 865 venous plexus, 690;
surgical anatomy of, 690
Hair cells, of internal ear, 917
Hairs, 64 structure of, 65 root-sheath,
follicles, 65
shaft, 66
65
Ham, region of the, 652
;

;

;

;

;

;

;

odoriferae, 1086

;

Pacchioni, 675,

723, 724
Glandular epithelium, 13
Glans penis, 1085; clitoridis, 11 01
Glasserian fissure, 152, 906
Gleno-humeral ligament, 340
Glenoid cavity, 228; fossa, 152; ligament
of shoulder, 340
of Cruveilhier, 356, 382
of phalanges, 356
Gliding movement, 310
Glisson's capsule, 965, 998
Globules, blood, 2
development of, 102
Globus major of epididj^mis, 1004 minor,
1004
_

_

;

;

;

;

Glosso- epiglottic ligaments, 867, 1035
Glosso-x^haryngeal nerve, 802

rima of, 1036
Gluteal aponeurosis, 5 1
Gluteal artery, 64 1 inferior, 640 lymphatic
glands, 704 nerve, inferior, 847 superior,
846 region, lymphatics of, 706 muscles
of, 518; ridge, 274
veins, 690
Gluteus masimus muscle, 518; medius,
519; minimus, 5 20
Goblet cells, 13
Glottis,

;

;

;

;

;

;

;

Golgi, organs of, 50
GoU's tract, 720
Gomphosis, 307
Graafian vesicles, mo;

;

;

;

Hamstring tendons, surgical anatomy of, 525

Hamular

process of sphenoid, 162; of huof lachrymal, 175

merus, 234 wo/e

Hand,

;

610; bones of, 246;
492 ligaments of, 352 muscles
of, 492
nerves of, from median, 827
from radial, 831; from ulnar, 829; surface form of, 257, 502
veins of, 680
fascia

arteries
of,

of,

;

;

;

;

Hard

palate,

934
Harmonia, 307
Hasner, valve of, 900
Havers, glands of, 306
Haversian canals of bone, 27

;

sy steins of

bone, 27

muscles of, 387
of, 699
veins of, 667 of scapula, 228 of ulna, 242
Head, kidney, iii
Heart, 1017; development of, 103
annular fibres of auricles, 1026; artei-ies
of, 549, 1027
circular fibres of, 1026; component parts
of, 1018
endocardium, 1025
of the venfibres of the auricles, 1026
fibrous rings of, 1025
tricles, 1026
foetal relics in, 1019
infundibulum of, 1020

Head, lymphatics

;

;

;

;

;

;

membrana

granu-

;

4

;,

;

INDEX
Heart

{continued)
1022 ventricle, 1024; looped
Ijaiiphatics of,
fibres of auricles, 1026
710, 1027
muscular fibres of, 1026 structure of, 40
nerves of, 808, 861, 1027
position of, 1018
ventricle^ 1020
I'iglat auricle, 1018
septum, ventriculorum, 1024 size and
spiral fibres of, 1026;
weight, 1018
subdivision into
structure of, 1025
cavities, 1018; surface marking of,
vortex of, 1026
veins of, 1027
1027
Heidenliain, demilunes of, 938
Helicine arteries, 1087
minor, 903
Helicis, major muscle, 903
left aiiricle,

;

;

;

;

;

;

;

;

ment
561
411

;

210; branch of lingual artery,
of, infra, 409; supra,

of,

region, muscles

Hyparterial branch of bronchus, 1042
Hj^poblast, 76, 79
Hypochondriac regions, 947
Hypogastric arteries in foetus, 104, 634,
1028; how obliterated, 1031; plexus, 865
inferior, 865
region, 948
Hypoglossal nerve, 809 surgical anatomy,
of, 812
Hypophysis cerebri, 749 ofpituitary body, 95
;

;

;

;

;

;

Helicotrema of cochlea, 913
muscles of, 903
Helix, 902
fossa of, 902
process of, 902
Henle, looped tubes of, 1064
Henle's layer of hair follicle, 65
Hepatic artery, 623, 1000 cells, 999 duct,
1002 plexus, 864; veins, 693, 998, 1000
Herbst, corpuscles of, 49
Hernia, congenital, 1 1 26 direct inguinal,
;

;

;

;

;

;

;

26 femoral, coverings of, 1 1 36 descent,
of, 1 136; dissection of, 1128; encysted,
1 1 26; of funicular process, 11 26; infaninguinal, 1 1 1 5
dissection of,
tile, 1 1 26
1 1 15;
oblique inguinal, 11 23; scrotal,
1 124
Hesselbach's triangle, 1123, 1126
Hiatus FaUopii, 155
1 1

1161

;

;

;

;

Highmore, antrum

of,

Hilton's muscle, 1039
Hilum of kidney, 1061

171
of spleen, 1008

;

Hind-gut, development

of, 109; hind-kidney,
III
Hinge-joint, 308
Hip-joint, 357; muscles of, 518; in relation with, 360
surface form of, 361 ;
surgical anatomy of, 361
;

Hippocampus major, 756

minor, 753
Horizontal plate of ethmoid, 164; of palate,
177
Horner's muscle, 392
Houston's valves of rectum, 989
Howship's lacunae, 26
Huguier, canal of, 153, 906
Humerus, 231 anatomical neck, fracture
of, 237
articulations of, 236
attachment of muscles to, 236 development of
235 head of, 231 neck of, 231 nutrient
artery of, 608
shaft, fracture of, 504
surgical neck, fracture of, 504
tuberosities of, greater, 231; lesser,
232;
surface form of, 236 surgical anatomy,
237
Humours of the eye, 892
Hunter's canal, 645
Huxley's layer of hair follicle, 65
;

;

;

;

;

;

;

;

;

;

;

Hyaline cartilage, 21 cell, 4
Hyaloid membrane of eye, 892
Hydatid of Morgagni, 1 1
;

Hymen,

iioi
Hyo-epiglottic ligament, 1034
Hyo-glossal membrane, 867, 871

Hyo-glossus muscle, 413
Hyoid arch (foetal), 93 artery of superior
attachment of
thyroid, 560
bone, 209
muscles to, 210; cornua of 210; develop;

;

;

,

Ileo-csecal fossa, 983
Ileo-colic artery,

626

valve, 983

;

fossa,

;

983

Ileum, 975

common, 631 peculiarities,
surgical anatomy of, 632
surface
63
marking of, 632 external, 642 surgical
anatomy of, 642
sm^face marking of,

Iliac arteries,
1

;

;

;

;

;

;

642

internal, 633
peculiarity in the
foetus,
at
birth, 634
surgical
634
;

;

;

anatomy

;

507 portion of
fascia lata, 512
fossa, 262 furrow, 270
lymphatic glands, 706 region, muscles
of, 507; veins, cominon, 691
peculiariof,

634

;

fascia,

;

;

;

;

;

;

ties

691;

of,

690;

external,

internal,

690
Iliacus muscle. 508
Ilio-costalis muscle, 435

Ilio-femoral ligament, 358
Ilio-hypogastric nerve, 838
Ilio-inguinal nerve, 839

Ilio-lumbar
vein, 691

artery,

640

ligament,

;

330

Ilio-pectineal eminence, 264
Ilio-tibial band, 511, 512
Ilio-trochanteric ligament, 358
Ilium, 259 crest of, 262 dorsum of, 260
spines of, 262 ; venter of, 262
duodenalis, 994
Impressio colica, 994
;

;

;

renalis,

;

;

994

Incisive foramina, 193
Incisor teeth, 923

fossa, 169, 183

;

cerebelli posIncista-a intertragica, 902
terior or marsupialis, 769 ; anterior or
Sansemilunaris, 769 ; Eivini, 906, 909
;

;

904
Incremental lines of dentine, 928
Incus, 909 development of, 99 ligament
suspensory, 910
of, 909
torini,

;

;

;

Infantile hernia, 1 1 26
Inferior dental artery, 570

dental canal,
184; maxillary bone, 183; changes produced by age in, 1 86 meatus of nose,
204; occipital fossa, 143; profunda artery,
608; turbinated bones, 180; articulations
development of, 181 ethmoidal
of, 181
lachrymal process of,
process of, 181
vena
maxillary process of, 181
181
cava, 691
Inferior posterior lobe of cerebellum, 770
Infracostal muscles, 442
Infraglenoid tubercle, 228
Infraixiaxillary nerves from facial, 800
foracanal, 170
Infra-orbital artery, 571
men, 170 groove, 170 plexus of nerves,
786 branches of facial, 799
Infraspinatus muscle, 476
Infraspinous fascia, 475 fossa, 225
;

;

;

;

;

;

;

;

;

;

;

;

;

5

1

1

;;

;

INDEX

Il62

Intertrochanteric line, anterior, 273

Infra-sternal depression, 219
Infratrochlear nerve, 784

274
Intertubular stroma

Infundibula of kidney, 1069
Infundibiiliforni fascia, 457, 1121
of ethmoid,
Inf-undibulum of brain, 749
166; of cochlea, 913 of heart, 1020
Ingrassias, processes of, 161
Inguinal canal, 11 20; glands, deep, 704;
superficial, 704, 11 16; hernia, 11 15; redissection of, 1 1 1
gion, 948
Inlet of pelvis, 268
peculiarities of,
Innominate artery, 553
553 surgical anatomy of, 554 bone, 259
attachment of
articulations of, 266
;

;

;

;

;

;

;

;

muscles to, 266 development
peculiarities of, 684
veins, 683
Inorganic constituents of bone, 30
;

of,

265

;

;

Insertion of muscles, 385
Inspiration, muscles of, 446
Interarticular fibro-cartilage, 23 of acromioclavicular joint, 337; of javs^, 321; of
knee, 366; of radio-ulnar joint, 349; of
sterno- clavicular joint, 335
ligament of
;

;

ribs,

324

Intercarotid ganglion, 859
Intercellular substance of
biliary passages, 1 00

fascia, 450,

1 1

of kidney, 1068
Intervertebral notches, 121
foramen, 139;
substance, 312
Intestine, development of, 108
lymphatics
of, 709
large, coats of, 988
small, 973
coats of, 976
surface marking, 990 sur;

;

;

;

22

;

;

gical

;

anatomy

of,

990

Intracartilaginous ossification, 30
Intralobular veins, 1000

Intramembranius

ossification,

34

Intraparietal fissure, 739
Intrinsic muscles of tongue, 415
Intumescentia ganglioformis, 797

Investing mass of Eathke, 91
Involuntary muscle, 39
Iris, 885
Irregular bones, 1 20
Ischiatic Ij'mphatic glands, 704
Ischio-capsular ligament, 358
Ischio-rectal fascia, 11 46; fossa, 1137; position of vessels and nerves in, 1 137 region,
surgical anatomy of, 1137
Ischium, 262 body of, 262 ramus of, 263
spine of, 263
tuberosity of, 263
Island of Eeil, 742
Isthmus of the fauces, 934 of thyroid gland,
1055
Iter a tertio ad quartuioi ventriculum, 761
chordae anterius, 798
posterius, 798
Ivorj^ of tooth, 927
;

;

cartilage,

;

;

;

Interchondral ligaments, 328
Interclavicular ligament, 335

Intereolumnar

pos-

;

terior,

;

1

7

fibres,

;

450

Intercondyloid notch, 275
Intercostal arteries, 619
anterior, 596
superior, 598 fasciae, 441 lymphatics, 710;
lymphatic glands, 709; muscles, 441;
nerves, 834 spaces, 215; veins, superior,
684
Intercosto-humeral nerves, 827, 835
Interglobular spaces, 928
Interlobular arteries of kidnej^, 1066
;

;

;

;

;

;

;

Interlobular biliary plexus, looi
Intermaxillary suture, 199

Intermediate cell mass, 1 1
Intermediate disc of muscular

canal

;

for,

156

;

organ of, 876 cartilage of, 876
Jaw, lower, 183 condyle of, 185 changes
produced in, by age, 186; development of,
185; articulations of, 186; ligaments of,
320; attachment of muscles to, 186; ob;

;

;

of, 184; pterygoid fossa of, 185;
184; sigmoid notch of, 185 symphysis of, 183; upper, see Maxillary Bone

lique line

rami

fibre, 37

Intermembranous ossification, 34
Internal abdominal ring, 1 121 annular liga;

ment, 535 capsule, 754 carotid artery,
574; cutaneous nerve, 826; inguinal
hernia, 11 23; mammary artery, 596;
maxillary artery, 568; branches of, 569;
mammary vein, 684 oblique muscle, 45 1
;

;

Jacob's membrane, 890
Jacobson's nerve, 803, 911

;

occipital crest, 143; pterygoid plate, 162

;

sphincter, 459

of,

;

Jejunum, 975
Jelly of AYharton, 88
Joint.
See Articulations

Jugular foramen, 193 fossa, 156, 195 ganglion, 803
process, 143
vein, anterior,
external, 670
surgical anatomy of,
671
671 posterior external, 671 internal, 67 1
surgical anatomy of, 672
sinus or gulf
surface, 157
of, 671
;

;

;

;

;

;

;

;

;

Internasal sutiire, 199
Internodia, or phalanges, 256
Internodal segment of nerves, 43
Interossei muscles, dorsal of hand, 499
of
foot, 541
palmar, 500 plantar, 541
Interosseous artery of forearm, 614; recurrent, 615
of foot, 660
Interosseous fibro-cartilages, 307
Interosseous membrane of forearm, 348
of
;

;

;

;

;

leg,

372
Interosseous nerve, anterior, 827

posterior,

;

;

ife

Karyokinesis, 10
Karyomitosis, 10
Kerkring, valves of, 976
Kidney, 1060; calices of, 1062; cortical substance of, 1062; development of, no;
infundiducts of, 1069; hilum of, 1061
bula of, 1062 lymphatics of, 708, 1068
Malpighian bodies of, 1063
mammillse
of,
1062
medullary substance, 1062
nerves of, 1068 papillae of, 1062 pelvis
of,
1062; pyramids of Ferrein, 1064;
renal artery, 628, 1066
sinus of, 1061
surgical
surface marking of,
1068
anatomy of, 1069 tubuli uriniferi, 1063
veins of, 693, 1067 weiglit and dimensions
of, 1060
;

;

831
Interosseous veins of forearna, 682
Interpeduncular space of brain, 749
Interspinales muscles, 438
Interspinous ligaments, 314
Intertransversales muscles, 438 laterales,
438 mediales, 438
Intertransverse ligaments, 314
;

;

;

;

;

;

;

;

;

;

;

;

;

;

1

;;

;
;
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Knee-joint, 363

;

surface form

anatomy of, 370
Krause's membrane, yj

of,

370

;

sur-

gical

1163

sinus of brain, 676 horn of sjsinal cord,
721 tract of medulla oblongata, 729, 731
Lateralis nasi artery, 564
Latissimus dorsi muscle, 429
Lecithin, 3
;

;

end bulbs of, 47
Kuline, his views on the terminations of
motor nerves, 50
Kilschner, on structiu'e of heart's valves,
1021
;

Leg, arteries of, 652
bones of, 279
fascia of, 525
deep transverse, 530
ligaments of, 371
lymphatics of, 704
muscles of, 525 back of, 528; front of, 525
nerves of, 850
veins of, 687
Lens, 893 changes produced in, by age, 894
development of, 98 suspensory ligament
of, 894
Lenticular ganglion, 784; glands of stomach,
971
Lesser lachrymal bone, 175; omentum, 964;
sciatic nerve, 847; wings of sphenoid, 160
Levator anguli oris, 397
anguli scapulae,
430; ani, 459; glandulae thyroideae, 1056;
labii
mferioris, 397
labii
superioris
alteque nasi, 396 labii superioris, 396
menti, 397
palati, 420, palpebras, 392
;

Labia cerebri, 751 pudendi majora, 1099;
minora, 1 100; hnnphatics of, 707
Labial artery, 564
glands, 922
veins,
superior, 669
inferior, 669
Labio-dental strand, 929
Labium tympanicum, 916; vestibulare, 916
Labyrinth, 914; arteries of, 918; fibroserous membrane of, 918
Lachrymal apparatus, 899; artery, 578;
;

;

;

;

bone, 174; articulations of, 175
attachof muscles to, 175; development of,
canals, 899
caruneula, 899 crest,
175
174; fossa, 150; gland, 899; groove, 172;
nerve, 783; notch, 170; papilla, 899;
process of inferior turbinated bone, 181
puncta, 899; sac, 900; tubercle, 172
Lacteals, 697, 709, 978
Lactiferous ducts, 1113
Lacuna magna, 108
Lacunae of bone, 28; Howship's, 26
Lacus lachrymalis, 896, 899
Lambda, 189
Lambdoid suture, 188
Lamella, horizontal, of ethmoid, 164 perpendicular of ethmoid, 164
of bone, articular. 305
Lamellae of bone, 28
;

ment
;

;

;

;

;

Lamina

cinerea, 748; cribrosa, 155; cribrosa of sclerotic, 880; fusca, 880; spiralis
ossea of cochlea, 913
suprachoroidea,
;

883

vitrea,

;

884

of cornea, elastic, 882
of the vertebrae, 121
cerebellum, 76S
Laminae dorsales, 80, 88
Laminated tubercle of cerebellum, 771
Laneisi, nerves of, 751
;

;

Large

100

(fcetal hairs),

intestine,

982

;

;

coat,

989

;

;

;

;

;

;

;

recurrent, 807, superior, 807, from sympathetic, 858: pouch, 1037; veins, 671;
nerves, siu'gical anatomy of, 808

Laryngo-traeheotomy, 1044

;

;

prostatae,

;

460

Leucocytes, 3 development of, 99
Levatores costarum, 443
Lieberklihn, crypts of, 979
Lieno-renal ligament, 1008
Ligament, structure of, 305 acromio-clavicular, superior, 336
mferior, 336
alar of knee, 367
of anlde, anterior,
annular of radius,
yjji', lateral, 373
348 of wrist, anterior, 351 posterior,
external, 535
inof ankle, 534
351
ternal, 535, of stapes, 909; anterior of
arytenoknee, 363
arcuate, 444
astragalo-navicular,
epiglottic,
1034
378; atlanto-axial, anterior, 3 1 5 posterior, 316
true, 1076
of bladder, false, 1077
broad, of liver, 995
calcaneo-astragaloid, external, 376; pos-'
terior, 377 interosseous, 377; calcaneocuboid, internal, Jill long) 377! short,
y]T, superior, 377 calcaneo-navicular,
capsular
superior, 378
inferior, 378
carpo-meta{see Individual Joints)
;

;

;

;

;

;

;

;

;

;

;

;

;

1039;

of,
;

lymphatics of, 1040
mucous membrane of, 1040; muscles of,
1038 nerves of, 1040; rima glottidis, 1036
superior aperture of, 1036; surface form
1035

;

;

;

anatomy of, 1044; veins

of,

1044; sui'gical

of,

1040; ventricle

1037; vocal cords
1037; true, 1037
of,

Lateral disc of muscular

fibre,

'i,']

;

liga-

of liver, 995
masses of ethmoid,
164; patellar ligaments, 364; recess of
fourth ventricle, 774; region of skull, 196;
;

;

;

;

;

;

interosseous, 355
carpal, dorsal, 355
of carpus, 352 central of
;

palmar, 355

!

;

;

cord, 714; check, 319; comvertebral anterior, 311; posterior,
coraco-acromial,
conoid, 337
312
coracocoraco-clavicular, 337
338
corocoracoid, 339
humeral, 340

spmal

mon

;

;

;

;

nary

arteries of, 1040; cartilages of, 1032 cavity
of, 1036; glands of, 1040; interior of, 1036;

ments

;

;

;

Laryngotomy, 1045
Larynx, 1032; actions of muscles

of, false,

;

;

;

;

of,

;

\

areolar

caecum, 982 colon, 984 ileo-csecal valve,
983 mucous coat, 989 muscular coat,
988 rectum, 987 serous coat, 988
Laryngeal artery, inferior, 594 superior,
560 nerve, external, 807 internal, 807

ligaments

;

;

Lamina

Lanugo

;

;

costo- clavicular,
995
chondro-sternal, anterior, 326
335
costo-transverse, 325
posterior, 327
cotycosto-vertebral, or stellate, 323
crico- arytenoid, 1036 cricoloid, 359
crucial of knee, 365
thyroid, 1035
cruciform, 316
deltoid, 373 dorsal {see Individual Joints)
external
anterior, 343
of elbow, 343
of

liver,

;

;

;

;

;

;

;

;

;

;

;

;

lateral,
terior,

345

;

;

internal lateral, 344

;

pos-

344

of pelvis, 332
falciform of liver, 995
gastro-phrenic, 968; Gimbernat's, 450;
glenoid, 340; glosso-epi1 1 18,
1 132;
glottidean, S67, 1035
;

2

1

;;

;
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Ligament (continued)

Ligament {continued}
of Hesselbach, 455
hyo-epiglottic, 1034
of hip, 357
ilio-femoral, 358, ilio-lumbar, 330; ilio;

trochanteric, 358 of incus, 909 interarticular of ribs, 324; interclavicular,
interosseous
335 interchondral, 328
interspinous,
(see Individual Joints)
314; intertransverse, 314; interverischio-capsular, 358
tebral, 312
;

;

;

;

;

;

of jaw, 320
of knee,

1035 lateral (see Individual
Joints) longitudinal of liver, 995 long
plantar, 2>77 lumbo-iliac, 330 lumbo-

of larynx,

;

;

;

;

\

330

metacarpal, 356
metacarpo-phalangeal,
356; metatarsal, 381; naetatarso-phalangeal, 382
mucosuni of knee, 367
of malleus, 909
;

;

nuclaae,

Winslow, 364 of vs^rist, anterior, 351 ;
lateral external, 351 ; lateral internal,
posterior, 351
351
;

;

of ZiNN, 393

Ligamenta

alaria,

pensoria of

367

subflava, 313; sus-

;

manuna, 468

Ligamentous action of muscles, 310
Ligamentum arcuatum externum, 444 internimi, 444; denticulatum, 714; latum
;

puhnouis, 1046 mucosum, 367 nuchas,
429; oculi, 879; pateUse, 363; pectinatum
iridis, 882,
posticum Winslovs^ii,
885
364; spirale, 916; suspensorium, 319;
;

363

sacral,

of

;

429

;

;

teres,

359
See each Artery.

Ligatiu'e of arteries.
Ligula, 775

Limbs, development of, 100
Lirabus laminae spiralis, 916; luteus, 887
Linea alba, 456; aspera, 274; ilio-pectinea,
quadrata, 274
splendens, 714
264
suprema, 142
Linese semilunares, 456
transverse of
abdomen, 456
Lines of Schreger, 928
Lingual artery, 561 surgical anatomy of,
bone, 209
ganglion, 859
lobule,
562
nerve, 792
veins,
strand, 929
744
672
Lingualis muscle, inferior, 417; superior,
416; transverse, 416 vertical, 416
Lingula, 770, 772 of inferior maxilla, 184
;

;

oblique, 348; oblique sacro-iliac, 331;
occipito-atlantal, anteobturator, 521
rior, 317
lateral, 31 8
posterior, 318
occipito-axial,
odontoid, 319 ;
318
orbicular, 348
of ossicula, 909 ; of
ovary, 1 1 1
palpebral or tarsal, 897 of patella, 363
of pelvis, 330
of the phalanges, hand,
foot, 383
phreno-colic, 966
of
357
the pinna, 903 ; plantar, 2>77 posterior
of knee, or posticum Winslowii, 364
Poupart's, 450, 1 1 18, 1 131 ; pterygoniaxillary, 399
pubic, anterior, 333
posterior, 333 superior, ^^^ subpubic,
333'^ pubo-femoral, 358; pubo-prostatic,
;

;

;

;

;

;

;

;

;

;

;

;

',

;

;

;

;

1077
radio-carpal, 350; radio-ulnar joint, inferior, 349 middle, 348
superior, 347
recto-uterine, 1104; rhomboid, 335;
round, of uterus, 1112
of liver, 996
of radiiTS and ulna, 347
of hip,
;

;

;

;

;

;

357

;

;

;

;

;

;

;

;

;

;

;

;

of sphenoid, 159
Lips, 921
arteries

of, 564
Liquor, amnii, 85; Cotunnii, 918 Scarpae,
sanguinis, 5
915
Lithotomy, parts concerned in operation of,
1 1 43
avoided in operation, 1 1 44 divided,
1144
Littre, glands of, 1081
Liver, 993 changes of position in, 1003
;

;

;

;

;

;

;

development

no;

distribution of
vessels to, in foetus, 1029; ducts of, looi
fibrous coat of, 998
fissures of, 996
hepatic artery, 623, 1000; hepatic cells, 999;
hepatic duct, 1002 hepatic veins, 693,
1,000; ligaments of, 995; lateral, 995;
coronary, 995
round, 996 longitudinal,
995 lobes of, 997 lobules of, 998 lymphatics of, 708 nerves of, 864
portal
vein, 695
situation, size, and weight,
993 structure of, 998 its surfaces and
borders, 993
surface marking of, 1003
vessels of, 999
surgical anatomy, 1004
Liver ridge, 952
Lobe, central, 742
cuneate, 744 frontal,
of,

;

sacro-coccygeal, anterior, 332
posterior,
332; sacro-iliac, anterior, 331 oblique,
posterior,
saci-o-sciatic,
331
331
greater, 331; lesser, 332; sacro-uterine,
1 105; sacro-vertebral, 329
of scapula,
scapulo-clavicular,
of
338
336
shoulder, 339
spring, 378
stellate,
sterno-clavicular, anterior, 334
323
posterior, 335
of sternum, 328
stylomaxillary, 321
subpubic, 333; supraspinatus, 314; suspensory of incus,
910; of lens, 894; of liver, 995; of
malleus, 909
of mamma, 468
of
penis, 1085
of spleen, 1008
sutural,
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

307

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

ormarginal, 744 occipital, 741
bital, 738
parietal, 739
quadrate, 744
temporo-sphenoidal, 741
uncinate, 744
Lobes of cerebrum, 7'^7
of cerebellum,
of
of liver, 997
of lung, 1 049
768
nose, 874; of prostate, 1084; of testis, 1093;
of thyroid, 1055
of
of thymus, 1057
kidney, 1061
Lobule of the ear, 902
Lobules of liver, 998 of lung, 105 1 of kidney, 1 06
Lobuli testes, 1093
Lobus centralis, 770 Spigelii, 997
Lobus caudatus, 997 clivi, 770 culminis,
770 quadratus, 997

738

;

;

;

;

tarsal of eyelids, 391, 897
tarso -metatarsal, 380
of tarsus, 376
teres of hip, 359
thj'ro-arytenoid, inferior, 1037; superior, 1037; of thumb,
354; tibio-tarsal, 373 thyro-epiglottic,
;

;

;

;

1034; thyro-hyoid, 1035; tibio-fibula,
371; transverse of atlas, 316; of hip,
of knee, 366;
of scapula, 339
360
transverse humeral, 340; trapezoid,
337; triangular of urethra, 1140; of
;

tympanic bones, 909
of uterus, 11 04
of vertebrae, 311

;

;

;

;

;

;

;

;

;

;

;

vesico-uterine, 1104

;

;

;

;

;;

INDEX
Locus

Cisruleus, 776; niger,

Lymphatics (continued)
into deep and superficial, 697

750

Long bones, 1 19
Long saphenous nerve, 842

tions

Longissinaus dorsi muscle, 435
Longitudinal fissure, of brain, 735, 748 of
ligament of liver, 995 sinus
liver, 996
inferior, 676
of brain, superior, 675
Longus colli muscle, 424
Looped tubes of Henle, 1064
Lower extren^iity, ai'teries of, 644 bones of,
259; fascia of, 506; lymphatics of, 704;
ligaments of, 357
muscles of, 506
nerves of, 837
veins of, 687
surface
form of muscles of, 542
Lower, tubercle of, 1020
Lumbar arteries, 629 fascia, 432 ganglia,
anterior
860 glands, 707 nerves, 836
divisions of, 837
posterior divisions of,
plexus of nerves,
836 ; roots of, 836
regions,
837 surgical anatomy of, 852
vein, ascending, 692
veins, 692
948
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

development of, 131
Lumbo-iliac ligament, 330
Lumbo-sacral ligament, 330 nerve, 837
Lumbricales muscles, hand, 499 foot, 539
Lungs, 1049; air-cells of, 1052; bronchial,
arteries, 1054; veins, 1054; development,
vertebrae, 127

;

;

;

;

no

capillaries of, 1052 in fcetas, 1031
lobes and fissures of, 1049
lobules of,
;

;

;

;

lymphatics of, 710, 1054 nerves
pulmonary artery, 1052; veins,
of, 1054
1052; root of, 1050; structiu'B of, 105 1;
surface marking of,
surgical
1054;
105

1

;

;

;

anatomy

weight, colour,

1055;

of,

etc.,

1049
Liuiula of

lip, 92
Lunulse of nails, 64
Luschka's gland, 630

Lymph,

1165

58

of,

valves

;

of,

;

termina-

57

Descriptive Anatomy :
abdomen, 707 arm, 703
bladder, 708
broad ligaments,
cone, 27
cer708: cardiac, 710; cerebral, 701
vical, superficial, and deep, 702
chest,
710 of clitoris, 707 of cranium, 701
;

;

;

;

;

;

;

;

diaphragm, 710
700 deep, 700 Fallopian tubes, 708
gluteal region, 707
head, superficial, 699; heart, 710
intercostal, 710; internal
mammary,
710; intestines, 709
kidneys, 708
labia, 707
lacteals, 709
large intestine,
709 leg, 705 liver, 708 lower extremity, 705 lung, 710; lymphatic duct,
699
meningeal, 701 mouth, 700
neck, 699 nose, 700 nymphae, 707
oesophagus, 711
ovaries, 708
pancreas, 709 pelvis, 707
penis, 707
perinaeum, 707
pharynx, 702
pia
mater, 701 prostate, 708
rectum, 708
small intestine, 709
scrotum, 707
spleen, 709
stomach, 709
testicle, 708
thoracic duct, 698
thorax,
709; thymic, 711; thyroid, 711
upper extremity, 702 superficial, 703
deep, 704 uterus, 708
vagina, 708
Lymphocj'te, 4
Lymphoid connective tissue, 19 of tongue,
face, superficial,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

871

Lyra

6

of tonsil, 935
of fornix, 758
;

Lymph

path or sinus, 60
Lymphatic duct, right, 699
Lymphatic Glands, General

Anatomy

Macula

of,

Descriptive Anatomy
anterior mediastinal, 710
auricular posterior, 699
axillary, 702
brachial, 702; bronchial, 710; buccal,
:

;

;

699
cervical, deep, 702
superficial, 701
in front of elbow, 702

704
;

;

;

;

ischiatic,
of

large

;

704
;

of

lower extre-

lumbar, 707

;

of neck, 701
occipital,

parotid,

699
699

Majendie, foramen of, 713
Malar bone, 175 articulations of, 177 attachment of muscles to, 177; development of, 176; foramina, 175; frontal
process of, 175 maxillary process of, 176
zygomatic proorbital process of, 175
cess of, 176; canals, 175; nerves, from
process of superior maxillary,
facial, 799
;

Male urethra, 1080
Malleolar arteries, external and internal, 659
Malleolus, external, 286 internal, 283
Malleus, 908; development of, 99; suspensory ligament of, 909
Malpighi, pyramids of, 1062
Malpighian bodies of kidney, 1063 tufts,
1063; capsules, 1063; bodies of spleen,

706

popliteal,

;

lOI
of

spleen, 709

small intestines, 709 of
submaxof stomacli, 709
;

;

;

I

of thorax, 709
tibial anterior, 704
ulnar, 702
of upper extremity, 702
;

;

zygomatic, 699
Lymphatics, General
58

nerves
1

112

;

lobules of, 11 13;
of, 1112
14; nipple or mammilla of,
vessels of, 1114

areola

;

of, 11

Mammae, development

illary, 701

of,

;

172

Mamma,
;

;

;

;

of pelvis,

;

704
radial, 702
sacral, 707

origin

Magnum

;

intestine, 709

mity, 704

73;

;

of head, 699
inguiiliac, external, 706
internal, 707
nal, deep, 704
superficial, 704
intercostal, 709
internal mammary, 709
;

germinativa,

912;

;

;

gluteal,

cribrosa,

lutea, 887
of carpus, 252

;

plexus

Anatomy
of,

58

;

of,
57
subdivision

Mammary

of,

100

glands,
596
lymphatic glands, 716; veins, internal, 684
artery,

internal,

;

II 12;

Mammilla of breast, 11 12;
Mammillary processes, 129

of

kidney, 1062

;

;

INDEX

ii66
Mandibular arch, 93

nerve, 800
211 of malleus, 90S

;

Manubrium of sternum,

;

Marginal lobe, 744

Marrow

of bone, 25
Marshall, vestigial fold of, 684
Masseter muscle, 400
Masseteric arteries, 570; fascia, 400

nerve,

arach-

;

;

thyro-hyoid, 1035;

Schneiderian,

875

Membranes of Spinal Cord, 712

opening
Mastoid antrum, 1 54
907
cells,
154; foramen, 153; portion of
temporal bone, 153, 197; process, 154;
vein, 670
Matrix of nail, 64
Maxillary arch, foetal, 92 artery, internal,
568; bone, inferior, 183; superior, 169;
development of, i T^) nerve, inferior, 790
process of inferior tursuperior, 786
binated, 181 malar bone, 176; processes
;

;

;

5

;

;

;

(foetal), 92; sinus, 171; tuberosity,
vein, internal, 670

170;

Meatus

auditorius externus, 155,
904;
internus, 155; of nose, inferior, 204, 876
superior, 203, 876
middle, 203, 876
female, iioi
urinarius, male, 1081
Meatuses of the nose, 203, 876
;

;

;

Meckel's cartilage, 93 diverticulum, 976
ganglion, 788
Median artery of forearm, 615; of spinal
nerve, 827
surgical anatomy
cord, 592
vein, 681
of, S3 1
Median disc of Hensen, 38
Mediastinal arteries, from internal mammary, 596; posterior, from aorta, 619;
lymphatic glands, 710
Mediastinum, anterior, 1049; middle, 1049;
posterior, 1049; superior, 1048; testis,
1093
Medio-tarsal joint, 375, 379
Medulla Oblongata, 728; pja-amids of,
728 arcuate fibres of, 730 back of, 730
formatio reticularis of,
fissures of, 728
funiculus cmieatus of, 729, 731;
']'^^;
funiculus of Rolando of, 729 funicukis
grey matter of, 733;
gracilis of, 731
lateral column, 729
tract, ']'^ r
olivary
body of, 729 pyramids of, 728 restiform
bodies of, 729 raphe of, 732
structure
of, 730
Medulla spinalis, 714
Medullary artery of bone, 26
canal of
bone, 25, 119; membrane of bone, 25;
plates, 80
sheath of nerve fibres, 43
spaces of bone, 32
portion of kidney,
1062
of
suprarenal capsules,
1072
velum inferior of cerebellum, 771, 775
velum superior, 772, 775
Medullary canal of bone, formation of, 34
Medullary canal of spir^p, development of,
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

of foetus, 84
Membranous labja-inth,

723

urethra, 1081

Meningeal
geal, 567

577
569

;

;

portion of
914
semicircular canals, 915

;

;

artery, from ascending pharynanterior, from internal carotid,

;

middle, from internal maxillary,

from

occipital, 565

posterior,

;

;

;

;

;

;

;

;

;

;

;

;

:

Mesogastrium, 951, 954
Mesonephros, in

Mesorchium, 113

Meso -rectum, 966
Meso-sternum, 211
Mesovarium, 113
Metacarpal artery, 612 articulations, 356
Metacarpo-phalangeal articulations, 356
Metacarpus, 253 common characters of,
253 development of, 259 peculiar bones
of, 254
Metanephros, in
Metatarsal artery, 660
;

;

;

;

Metatarsal articulations, 381
bones, 297
Metatarso-phalangeal articulations, 382
Metatarsus, 297 development of, 300
Metasternum, 213
Metencephalon, 94
;

;

Middle and internal frontal artery, 581
Middle clinoid processes, 15S; ear, or tym-

panum, 905

;

fossa of skull, 191

of nasal fossae, 203,

S76

;

;

319
Mid-carpal joint, 353
ixient,

in

teeth, 926
Mitral valve, 1024

Mixed bones, 120
Modiolus of cochlea, 913
Mohl, glands. of, 897
Molar glands, 922 teeth, 925
Monaster or mother star, 10
;

;

meatus

odontoid

Milk

basilaris,
916; granulosa of
Graafian vesicle, nil; limitans of retina
888, 890 ;' nictitans, 899
pupilaris, S87
sacciformis, 349, 355; tectoria, 916
tympani, 908 tympani secundaria, 907,
913

from

small, from internal
592
maxillary, 570 lymphatics, 701
veins,
670, 723
Meninges. See Membranes
Menisci, 23
Mental foramen, 1S3, 199; process, 183,
199; tubercles, 183
Mesencephalon, 94
Mesenteric artery, inferior, 627
superior,
glands, 708 plexus of nerves, in625
ferior, 865
superior, 864
vein, inferior,
693 superior, 693
Mesenteries, 965
Mesoblast, 76, 79
Mesoblastic somites, 81
Meso-ctecum, 965
Meso-cardium, anterius, 952 posterius, 952
Meso-colon, ascending, 965
descending,
965 transverse, 966
Mesoderm, 79
vertebral,

Mid-kidney,

Membrana

of brain,

;

;

Mid-frontal process (fcetal), 92
Mid-gut, development of, 109

42

Medulli-spinal veins, 687
Meibomian glands, 897
Meissner's plexus, 982

;

;

;

;

916;

of,

fibres,

882

cerebral, 725
choroid,
883; of Corti, 916; costo-coracoid, 470;
crico-thyroid, 1035
of Descemet, 881
fenestrated, 52; hyaloid, 892^ Jacob's,
890 of Kolhker, 917 ; limiting, 888, S90
pituitary, 875 pupillary, 887 of Eeissner,
;

;

;

;

80, 93
Medullated nerve

noid, spinal, 713

;

veins, 669
791
Masto-occipital suture, 188
Masto-parietal suture, 188

;

Membrane of aqueous chamber,

liga-

8

;;;
;;

INDEX
Mons

Muscles or Muscle (continued)

Veneris, 1099

Morgagni, hydatid
Motor nerves, 49

Motor

114

of,

sinus

;

419

of,

de^jressor alse

nasi,

396

epiglottidis,

;

1039; labii inferioris, 397

oculi nerve, 779

;

anatomy

surgical

781
Motorial end plates, 50
mucous membrane of, 921
Mouth, 921
muscles of, 398 surface form of, 940
Movement admitted in joints, 30S
Mucilaginous glands, 306
;

digastric, 411; dilatator
anterior, 396
posterior, 396

of

external ear, 389

466

penis, 464
sphincter, 459

;

;

;

;

orum, 536

erector

;

clitoridis,

external
extensor brevis digit--'
spinse,

434

;

carpi radialis brevior, 487;
ulnaris, 489
coccygis,

;

longior, 487

;

;

;

digitorum communis, 488 indicis,
longus digitorum, 527
minimi
491
digiti, 488
ossis metacarpi pollicis,
brevis pollicis, 491
proprius
489
hallucis, 527
longus pollicis, 491
of face, 386
femoral region, anterior,
509; internal, 515; posterior, 524;
fibula region, 533
flexor accessorius,
brevis minimi digiti, of hand,
538
499 of foot, 540 hallucis, 539 digitorum,
pollicis,
carpi
496
537
radialis, 482
ulnaris, 482
digitorum
sublimis, 483
longus digitorum, 532;
pollicis, 485
hallucis, 531
ossis metacarpi pollicis, 495
profundus digitorum, 484
gastrocnemius, 528; gemellus superior,
522 inferior, 522
genio-hyo-glossus,
413; genio-hyoid, 412; gluteus maximus, 518; medius, 519; minimus, 520 ;

;

of

438

1

membrane,

;

naris,

;

;

Mucoid cellular tissue,
Mucous glands of tongue. 870

diaphragm,

;

443;

of,

69

;

;

;

;

;

Mliller, duct of,

1 1 1

890

fibres of,

;

;

Multicuspidati teeth, 925
Multifidus spinse muscle, 437
Munxo, foramen of, 761

;

',

;

bipenniform, 384
blood-vessels of, 39
chemical composition of, 40 derivation
;

;

of names,

385

fasciculi of, 36

form

development

;

fibrils of,

;

2>7

loi

of,

;

fibres of,

'>

384 fusiform, 384 inserinvoluntary, 39 lymphatics
of, 39
meaning of the terms origin
and insertion,' 385 mode of connection
of, with bone, cartilage, skin, etc., 385
nerves of, 39, 49
of organic life, 39
origin of, 385
penniform, 384 quadrilateral, 384
rhomboidal, 384
sarcous
elements of, 38 sheath of, 36 size of,
striped, 36
structure of, 36
ten385
dons of, 385 triangular, 384 unstriped,
39, voluntary, 36
Muscle-plates, loi
Muscles or Mvscle, Descriptive Anato?ny:
36

;

tion

of,

385

of,

;

;

;

;

'

'

;

'

;

;

;

;

;

;

;

;

;

;

abdomen, 447

abductor minimi digiti,
498; (foot) 538; indicis, 500;
poUicis, 495
hallucis, 537; accelerator
urinas, 463
accessorii orbicularis oris,
398 accessorius pedis, 538; accessorius
ad ilio-costalem, 435 adductor brevis,
;

(lTa.nd)

;

;

;

;

5i7,longus, 516, magnus, 517; obliquus
496 transversus pollicis, 497
obliqiTus hallucis, 539
transversus

pollicis,

;

;

;

hallucis, 540 ; anconeus, 489
antitragicus, 903 ; aryteno-epiglottideus, in;

1039 superior, 1039 arytenoideus, 1038
arytenoideus rectus (footnote), 1039
attollens aurem, 390
attrahens aurem, 390
azygos uvulae,
421
biceps (arm), 478
(thigh), 524; biventer
ferior,

;

;

;

;

;

;

cervicis, 436
brachialis anticus, 479
buccinator, 399
cervicalis
ascendens,
chondro435
;

;

glossus,

ciliary

eye,

887
circumflexus palati, 421
coccygeus,
complesus, 436
compressor
460
narium minor, 396 nasi, 396 sacculi
laryngis, 1039; urethr8e,465 in female,
constrictor
isthmi
faucium,
467
415; pharyngis inferior, 418 medius,
418; superior, 419; coraco- brachialis,
corrugator supercilii, 391
cutis
478
ani, 459
of cranial
region, 387
cremaster, ,452
crico-arytenoideus
lateralis, 1038
posticus, 1038
cricothyroid, 1038
crureus, 514
deltoid, 473
depressor anguli oris, 398

414

;

of

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

gracilis,

;

;

;

;

Muscle, General Anatomy of,2,S of animal
life, 35
arrangement of fibres of, 36

of

1167

5

15

hand, 492 of head and face, 386
helicis, major, 903
minor, 903 Hilton's, 1039; Horner's, 392 hyo-glossus,
..413
;

;

;

;

;

iliac region,

507; iliacus, 508; ilio-costalis,

infracostal, 442 ; infraspinatus,
476 ; intercostal, 441 ; internal sphincter, 459 ; interossei of foot, 540 ; of
hand, 499
interspinales, 438
inter-

435

;

;

;

transversales, 438
labial, 396
of larynx, 1038
latissimus
dorsi, 429
of leg, 525
levator anguli
;

;

;

;

ani, 459
anguli scapulae,
oris, 397
430; glandulfe thyroidese, 1056; labii
inferioris, 397
labii superioris alaeque
labii superioris, 396
menti,
nasi, 396
397 palati, 420 palpebrs, 392 prolevatores costarimi, 443
statse, 460
lingualis, 410; longissimus dorsi, 435
longus colli, 424 lumbricales (hand),
;

;

;

;

;

;

;

;

;

;

;

;

499

(foot),

539
400 multifidus spinse, 437
musculus accessorius ad ilio-costalem,
435 mylo-hyoid, 412
of neck, 403
naso-labialis, 398
abdominis externus,
obliquus auris, 903
capitis superior,
internus, 45 1
448
439; inferior, 439 oculi, inferior, 394;
superior, 393; obtm-ator externus, 522;
internus, 521; occipito-frontalis, 388;
opponens minimi
omo-hyoid, 410
orbicularis
pollicis, 495
digiti, 499
palpebrarum, 390
oris, 398
;

.

masseter,

;

;

;

;

;

;

;

;

;

;

;

;

of palate, 420; palato-glossus, 421 palatopharyngeus, 421 palmaris brevis, 497
pectineus, 516 pectoralis
longus, 482
major, 468 minor, 470 of perinaeum,
female,
peroneus
male, 461
465
brevis, 533; longus, 533; tertius 528;
of pharynx,
418; plantaris, 530;
;

;

;

;

;

;

;

;

;

8

;;;;

1

;;
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Muscles or Muscle {continued)
platysma mj^oides, 404

incisivus

popliteus, 531
radii teres,
quaclratus, 485
;

pronator
482 psoas magnns, 508 parvus, 508
pterygoid, internal, 402 external, 401
pyramidalis abdominis, 455 nasi, 395
pyriformis, 520
quadratus femoris, 522 lumborum, 458
menti, 397 quadriceps extensor cruris,
513
capitis anticus
rectus abdominis, 453
major, 423; minor, 423; posticiis major,
438; minor, 438; femoris, 513; oculi,
;

;

;

;

;

;

;

;

;

externus, superior, inferior, and inlateralis, 424
retrahens
ternus, 393
;

;

rhomboideus major, 431

;

risorius,

;

399

;

rotatores

;

superior,

;

398

Mylo-hyoid

artery,
570;
muscle, 412; nerve, 792
Myrtiform fossa, 169

groove,
;

184;

ridge, 184

Nails, 64
Nares, anterior, 204, 875
posterior, 204,
septum of, 203, 875
875, 941
Nasal angle, 168 arter_y, of internal maxillary, 571
transverse, 580; of ophthalmic,
bones, 167;
580; of septvmi, 564, 571
development of, 169; articulations of,
169; cartilages, 874; crest, 168; duct,
900; eminence, 149; fossae, 201, 875;
arteries of, 877
mucous membrane of,
surgical anatomy
875 nerves of, 878
of, 878
veins of, 877 groove, 168 nerve,
nerves from Meckel's ganglion,
784
790; notch, 149; process, 172; spine,
149; anterior, 173, 199; posterior, 178;
venous arch, 668
Nasion, 199
Nasi, dorsahs, artery, 580
Nasmyth's membrane, 931
Naso-labialis muscle, 398
Naso-maxillary suture, 199
Naso-palatine nerve, 790
Nates of brain, 762
Navicular bone, 294 articulations of, 294
attachment of muscles to, 294 tuberosity
of, 294
Neck, glands of, 701 lymphatics of, 702
;

;

;

;

;

;

salpingo-pliaryngeus,
sartorius, 512; scalemis anticus,
421
424 niedius, 424; posticus, 425 semimembranosus, 525 serratus posticus,
superior, 43 1 inferior, 432 semi-spinasemi-tendinocolli, 437
lis dorsi, 437
sus, 524; serratus niagnus, 472; sole

sacro-lunibalis,435

;

;

;

;

;

;

;

;

;

of foot, 536; first layer, 537; second
fourth
third layer, 539
layer, 538
layer, 540; soleus, 529; sphincter,
internal, 459 ; vaginae,
external, 459
:

;

;

465;

399

;

;

aurem, 390
minor, 430
spiniB, 437

inferior,

suspensorius duodeni, 975
Myelo-plaques, 26

spinalis

dorsi,

436;

colli,

436;

capitis, 434
colli, 434
splenius, 432
sterno-cleido-mastoid,
stapedius, 910
407 sterno-hyoid, 409 sterno-thyroid,
409; stylo-glossus, 414; stylo-hyoid,
;

;

;

;

;

;

substylo - pharyngeus, 419;
subclavius.
anconeus, 489
471
subcrureus, 515; subscapularis, 474
longus, 486
supinator brevis, 489
supraspinatus, 475
supraspinales, 438
tarsi,
tempoi'al, 400; tensor palati, 421
392 tympani, 910; vaginte femoris, 512;
minor, 476 thyroteres major, 477
arytenoideus, 1039 thyro-epiglottideus,
1039; thyro-hyoid, 410; tibialis anticus,
527; posticus, 532; of tongue, 413;
tragicus, 903
trachelo-mastoid, 435
transversalis abdominis, 453 colli, 435
transversus auriculae, 903 perin8ei,'462
profundus, 1145; trape(female) 465
triangularis sterni, 442
zius, 427
extensor
triceps extensor cubiti, 480
cruris, 514; femoralis, 514; of tympanum, 910; of ureters, 1078
internus and
vastus
externus, 514;
crureus, 514
zygomaticus major, 397, minor, 397
Muscles of inspiration and expiration, 446
of expression, 403
of pelvic outlet,
459
Muscular columns, 38
Muscular fibres of heart, 40
Muscularis mucosae, 70
Musculi papillares, left ventricle, 1024
pectinati in left auricle,
right,
1022
1023, in right, 1020
Musculo-cutaneous nerve of arm, 823, froim
peroneal, 852
Musculo-spiral groove, 233
nerve, 830
surgical anatomy of, 832
Musculo-phrenic artery, 598
Musculus accessorius ad ilio-costalem, 435,

412;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

muscles

of,

403

;

triangle

;

anterior, 572,

of,

posterior, 573
veins of, 670
Nelaton's line, 278
Nerve-corpuscles, 41
Nerve-epithelium cells, 49
;

^

Nerves, General Anatomy of, 45 cerebrospinal, 45
development of, 96
endoneurium of, 45
epineurium of, 45 ;
fmaiculi of, 45 origin of, 47 perineurium
;

;

;

;

;

of,

45

plexus

;

mination
roots

of,

sheath

;

of,

vessels of, 46
47
sympathetic, 46

of,

812

;

46

of,
;

;

45
;

ter-

;

spinal

Descrijjtive Anatomy
of: abducens, 795 accessory obturator,.
anterior crural, 841
auditory,
841
801 aui-icular, posterior, 798 of vagus,
806 auricularis magnus, 818 of auriof second cervical,
culo -temporal, 791

Nerves or Nerve,

;

;

;

;

;

;

;

;

816; of small

occipital, 8

820

of brachial plexus,
facial,

1

buccal, 791

;

;

of

800

inferior,
cardiac, middle,
859
859
superior, 858; plexus, deep, 861 ; super
;

pneumogastric, 808
of
862
cervical an
cavernous, of penis, 865
terior, 816 posterior, 814; superficial
ficial,

;

;

;

818; cervico-facial, 800; chorda

tym

pani, 798, 91 1 ciliary, long, 784; short
786 circumflex, 823 coccygeal, 844
communicans hypo
cochlear, 802
peronei, 852 of Cotunnius
glossi, 819
790; cranial, 778 crural anterior, 84
;

;

;

;

;

;

;

cutaneous {see that heading)
deep palmar, 829 deep temporal, 791
dental anterior, 792 anterior superior,
middle superior, 788 posterior
788
;

;

;

;

;

;

INDEX
Nerves or Nerve
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Nerves or Nerve

{continued)

superior, 787; inferior, 792 descendens
digastric from facial,
hypoglossi, 811
798; digital (foot), 850, 852; dorsal
(hand), 831; dorsal of penis, 849;
dorsal spinal, 832 peculiar, 835 dorsi-

;

;

lumbar, 835

;

facial,
tal,

796
783

782

fifth,

;

;

eleventh pair, 809; of

;

;

781

foiu^th,

fron-

;

.

;

;

nary, from vagus, 808
radial, 830
recurrent laryngeal, 807
recurrent to tentorium, 783
renal
splanchnic, 860 respiratory, external,
822 internal, 819
sacral, 843
plexus, 845
saphenous long
or internal, 842 short or external, 850
sciatic, great, 849
small, 847
short
ciliary, 786
sixth, 795
small cavernous, 865 spinal, 812 spinal accessory,
809 splanchnic, great, 860; small, 860;
smallest, 860
stylo-hyoid of facial,
798; siTbclavian, 822; suboccipital, 816;
posterior branch of, 814; subscapular,
823; superficialis colli, 818; superior
cardiac, 858; maxillary, 786; supraacromial, 819; supraclavicular, 819
supra-orbital, 784 suprascapular, 822
suprasternal, 819; supratrochlear, 783
supramaxillary of facial, 800; sym;

;

ganghonic branch of nasal, 784 gastric
branches of vagus, 808 genito- crural,
gluteal,
839 glosso-pharyngeal, 802
inferior, 847
superior, 846
great pe;

;

;

;

;

;

;

;

860; gus-

;

;

;

tatory, 792
haemorrhoidal, inferior, 847; of heart {see
Cardiac)
hepatic, 864
hypoglossal,

;

;

;

;

;

;

;

;

;

trosal, 788; great splanchnic,

;

809

;

ilio-hypogastric, 838; ilio-inguinal, 839;
incisive, 793
inferior maxillary, 790
infrainframaxillary of facial, 800
orbital of facial, 799
infratrochlear,
intercosto-huintercostal, 834
784
meral, 835 interosseous, anterior, 827,
posterior, 83 1 ; ischiadic, great, 849
small, 847
;

;

;

;

;

;

;

;

Jacobson's, 803
of labyrinth, 918 labial, 788 lachrymal,
large cavernous,
783 of Lancisi, 751
865 larjmgeal, external, 807 internal,
recurrent, 807
superior, 807
807
lesser splanchnic, 860 lingual of fifth,
long
792 of glosso-pharyngeal, 803
ciliary, 784
long thoracic, 822 long
;

;

;

;

;

;

;

;

;

;

;

;

;

;

saphenous, 842
sacral, 837

;

lumbar, 836

lumbo-

;

facial,

854
;

;

;

;

;

;

;

790 superior, 786 median,
mental, 793 middle cardiac, 859
motor of eye, common, 779 external,
795 ixiusculo- cutaneous of arm, 823
leg, 852; musculo-spiral, 830; mylohyoid, 792
nasal, ophthalmic, 784
from Meckel's
ganglion, 790 from Vidian, 789 nasopalatine, 790 ninth, 802
obturator, 839
occioesophageal, 808
pital, great, 815; small, 818; of third
cervical, 816
of facial, 798
olfactory,
777 ophthalmic, 782 optic, 778 orbital
nerves, their relation, 795
in cavernous sinus, 795 in orbit, 796 in sphenoidal fissiu-e, 796 orbital of superior
maxillary, 786
external,
palatine, anterior or large, 789
790 posterior or small, 790 palmar,
cutaneous, of median, 827 ulnar, 829;
papalpebral, 788 par vagum, 803
thetic, 781
perforans Casserii, 823
perineal, 849 superficial, 849 pero;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

neal, 851 25etrosal, superficial, external
deep,
or large, 788 deep, large, 789
small, 711; small, superficial, 711;
pharyngeal of pneumogastric, 807 of
glosso-pharyngeal, 803 of s^^mpathetic,
858; of Meckel's ganglion, 790; of
;

;

;

;

;

external laryngeal, 807
plantar, cutaneous, 850

;

;

phrenic, 819
external, 851

;

or motor-oculi, 779
thoracic
posterior, 822
anterior, 823
thyrohyoid, 812; tibial, anterior, 852; posthird,

;

;

850

terior,

;

;

of tongue, 872

tonsillar,

;

trifacial or trigeminus,

782 trochlear, 781 twelfth, 809 tympanic, of
glosso-pharyngeal, 803, 911
of facial,
798
uterine, 866
ulnar, 828
vaginal, 865 vagus, 803 vestibular, 802,
918; Vidian, 789
of Wrisberg, 826
Nervi-nervorum, 46
Nervous substance, chemical analysis, 44;

803

of
of orbital nerve, 787
799; masseteric, 791 maxillary

inferior,

j)athetic,

temporal, deep, 791
of facial, 799
of
auriculo-temporal, 791 temporo-facial,
799 temporo-malar, 786 tenth, 803

;

;

malar branch

827

;

;

of dura mater, 724

eighth pair, 801
eyeball, 778

et moUem, 797
portio mollis, 801
posterior auricular, 798
pterygoid,
pterygo-palatine, 790; puden791
dal, inferior, 847
pudic, 847
pulmo;

;

;

{continued)

internal, 850; pneumogastric, 803 popliteal external, 851;
internal, 849;
portio dura, 796 ; portio inter duram

;

;

;

;

;

;

;

grey, 41 white, 41
of retina, 888
;

;

vesicular, 41

;

Nervous System, General Anatomy

layer,
of,

40

;

ganglia, 50
fibrous nervous matter, 41
grey or cineritious substance, 41 sympa;

;

;

thetic,

46; chemical composition

of,

44

;

gelatinous fibres, 41, 43; vesicular nervous
matter, 41 white or meduUary substance,
41
Nervus cardiacus magnus, 859; mmor,859;
superficialis
petrosus profundus, 789
;

;

cordis, 858

Neumann,

dentinal sheath of, 927
crest, 96; canal, 80
Neurilemma, 42 {footnote), 42 of cord,

Neural arch, 120;

;

;

714
Neuroblasts, 97
of cord, 718
Neuroglia, 41
Nidus hirundinis of cerebellum, 77 1
Ninth nerve, 802
Nipple, 1 1 12
Nodes of Ranvier, 43
Nodule of cerebellum, 770
;

;

Non-meduUated nerve -fibres, 43

;

Nose, 873

;

arteries

of,

877

;

bones

of,

4F

167

;

;;

"
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cartilage of septum
of, 877
875; development of, 100; fossae of,
mucous meixibrane of, 875
201, 875
muscles of, 395 nerves of, 878 surgical
anatomy of, 878 veins of, 877
Notch, cotyloid, 265; ethmoidal, 149, 164;
intercondyloid, 275; nasal, 149; sacrosigmoid,
sciatic, greater, 263 lesser, 263
spheno-palatine, 180; supra- orbital,
185
149 suprascapular, 228
Notochord, 80, 88
NucK, canal of, 1097, 11 12
Nuclear membrane, 8
Nucleated sheath of Schwann, 42
Nuclei pontis, 735
Nucleus amygdalae, 755; caudatus, 754;
lenticularis, 754
cartilages

nuclei, accessory,
733
superior, 735
peduncle, 731

731

;

of,

;

Omenta, 964
Omental tuberosity of liver, 994

;

Omentum,
964

;

774

;

707

;

;

;

;

;

;

;

;

;

;

Occipital artery, 565
bone, 141
articulations of, 145
attachment of muscles to,
;

;

;

development

of, 145; crests, 141,
protuberances, 141, 143; fossae,
lymphatic glands, 699
143 lobe, 741
groove, 154; sinus, 676; triangle, 574;

143;
;

;

;

670
Occipitalis major nerve, 815
Occipitalis muscle, 389
vein,

;

minor, 818
;

muscle, 388
of,

565
Ocular cleft, 98 cup, 97
secondary, 98
97
Odontoblasts, 926, 931
Odontoid ligaments, 319
process of axis, 124
;

;

vesicle, primitive,

;

;

tubercle for, 143

;

OEsophageal arteries, 619; branches of vagus nerve, 808 glands, 944 opening of
in diaphragm, 445
plexus, 808
(Esophagus, 942; lymphatics of, 711;
structure of, 943
surgical anatomy of,
944
Olecranon process, 238 fossa, 235 fracture
;

;

;

;

;

of, 505
Olfactory bulb,
foramina, 164
;

ligature

622

axillary,

;

303

;

abdominal

603

;

internal,

577

common, 632

brachial, 607
external, 559;

femoral,

;

aorta,
;

common, 557;

carotid,

1088

of penis,

of,

647

iliac,

;

external, 642
internal,
632; innominate, 554; lingual, 562;
radial, 611; subclavian,
popliteal, 655
thyroid, inferior, 595
tibial,
589
anterior, 658
posterior, 661
ulnar,
;

;

;

;

;

;

;

614
catheterism of Eustachian tube, 942
cholecystotomy, 1004; for cleft palate,
422 colotomy, 993
;

division of
orbital,

801

nerves, facial,

795
853

lingual,

;

infra-

sciatic,
795
accessory, 809

;

;

spinal
supra-orbital, 794
excision of, ankle, 376
elbow, 347 hip,
knee, 371
of shoulder, 343
363
extirpation of thyroid, 1057 of spleen,
great,

;

;

;

;

;

;

;

;

1013
gastrostomy, 972 gastrotomy, 972
hamstring tendons, division of, 525
laryngotomy, 1045 lithotomy, 1143
nephrotomy and nephrectomy, 1069
oesophagotomy, 944
proparacentesis of pericardium, loi 7
puncture of the
statectomy, 1085
bladder, 1080
removal of the clavicle, 225 lower jaw,
209; upper jaw, 208; tongue, 417,
testis, 1095
873 scapula, 231
for strabismus, 395
tapping chest, 221; for torticollis, 409;
tracheotomy, 1045
venesection, 681
Operculum of the insula, 748
Ophthalmic artery, 577; ganglion, 784;
nerve, 782 vein, 677 inferior, 677
Opponens minimi digiti muscle, in hand,
499 in foot, 540 pollicis muscle, 495
Optic commissure, ']']% foramen, 161, 191
nerve, 778
lobes, 762
groove, 161, 191
intercerebral
inter-retinal fibres of, 778
surgical anatomy of, 779
fibres of, 778
thalamus, 759; tract, 778
recess, 759
Ora serrata, 887
Oral cavity, 921
Orbicular bone, 909 ligament, 348
;

;

;

;

Occiput, arteries

TT]

foot,

arteries,

;

Occipito-atlantal articulation, 317 occipitoaxial articulation, 318; occipito-frontalis

m

—

:

of,

;

145;

;

1019

240
Obliquus auris muscle, 903 externus abdominis, 448 internus, 45 1 inferior captis,
439 superior, 439 inferior oculi, 394
superior, 393
Obturator artery, 636 peculiarities of, 637
relation of, to femoral ring, 1134; externus muscle, 522 internus, 521 fascia,
1 146
foramen, 265 ligament, or membrane, 521 nerve, 839 surgical anatomy
accessorjr, 841
of, 853
veins, 690
;

;

Operations
amputations of

;

;

;

;

;

;

foetal, 102
duct, 82; veins, 103; vessels, 82
Opening of aorta in left ventricle, 1024
aortic in diaphragm, 445
caval in diaphragm, 445 of coronary sinus, 1020; of
inferior cava, 1019; left auriculo -ventricular, 1024; oesophageal in diaphragm,
of pulmonary artery, 102 1
veins,
445
1023; right auriculo-ventricular, 1021
saphenous, 512, 1131
of superior cava,
;

;

;

;

;

Obelion, 189
Oblique inguinal hernia, 1 123 coverings of,
1 1 23; ligament, 348; line of the clavicle,
222
of the fibula, 285
of lower jaw,
of radius, 243
ridge of ulna,
183

;

;

;

fastigii,

;

Nutrient artery of bone, 26
Nymphse, iioo; lymphatics

;

;

964
Omo-hyoid muscle, 410
Omphalo-mesenteric arteries,

;

;

gastro-colic, 965
gastro-hepatic,
gastro-splenic, 965
great, 965

;

lesser,

;

Nucleus of a cell, 8
Nucleus emboliformis, 774
globosus, 774

procesis,

;

158

;

;

nucleus,

;

;

;

;

;

surgical

;

:

;

;

;

;

;

;

;

;

;

;

;

748,
;

'j']']

;

cells,

877

;

fossae (foetal), 100; nerve,

anatomy

of,

778

;

sulcus,

Olivary bodies of medulla oblongata, 729,

;

;

;

;

;

INDEX
Orbicularis

ciliaris, 390
latus, 390
oris
muscle, 398 palpebrarum, 390
Orbit, 199; arteries of, 577; muscles of,
392 relation of nerves in, 796
fascia, 395
foramina,
Orbital artery, 571
161; lobe, 738; nerve, 786; process of
malar, 175; of palate, 179; sulcus, 738
Organs of Grolgi, 50; of Giraldes, 114; of
Jacobson, 876; of Eosenmiiller, 114
Organic constituent of bone, t,o
Orifice, oesophageal of stomach, 967 pyloric
of stomach, 967
Origin of muscles, 385
Oscalcis, 287; development of, 300; hyoides,
development
innominatum, 259
209
magnum of carpus, 252 orbicuof, 265
unguis, 174
lare, 909; planum, 165
Os uteri, 1 104
Ossa triquetra, 167
Ossicula auditus, 908 ligaments of, 909
of bone, 30; of
Ossification, period of, 35
defects in, 140;
spine, progress in, 131
intracartilaginous, 30 intramembraiious,
34 subperiosteal, 34
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Osteoblasts, 25, 31
Osteoclasts, 26, ;^^

canal, anterior, 172; posterior, 170, 178;
accessory, 179
fossa, anterior,
172
nerves, 790
process of superior maxil;

;

;

larj^, 172; veins, inferior, 669
Palato-glossus muscle, 415, 421
pharyngeus, 421
Palmar arch, deep, 610; superficial, 616;
surface marking of, 617 cutaneous nerve,
;

;

827, 828

;

fascia, 49l^r interossei arteries,

613; nerve, deep, of ulnar, 929; superficial, 829
veins, 680
Palmaris brevis
muscle, 497
longus
muscle, 482
Palpebrae., 896
Palpebral arteries, 580; external, 578; carti;

;

lages or plates, 897 fissures, 896 fissure,
surface form of, 900; folds of conjunctiva,
898; ligaments, 897; muscles, 390; veins,
;

inferior,

669

;

suj^erior,

;

Pampiniform plexus of

669
veins,

692,

1091,

1112
Pancreas, 1005; development of, no; structure of, 1006 tymphatics of, 709 vessels
and nerves of, 1007 surface marking of,
surgical anatomy, 1007
1007
Pancreatic arteries, 625 duct, 1006; plexus
of nerves, 864
veins, 693
Pancreatica magna artery, 625
Pancreatico-duodenal artery, 624 inferior,
626 vein, 693 plexus of nerves, 864
Papilla lachrymalis, 899 sphalis, 916
;

;

;

;

;

Osteo-dentine, 928
Osteology, 119

;

Ostium abdominale of Fallopian tube,
internum or uterinum, 1 106
Otic ganglion, 793

1171

;

vesicle,

Otoliths, 915
Outlet of pelvis, 268
Ovarian arteries, 629
864 veins, 692

1

108

;

;

99

;

;

Papillae of tooth,

869
kidney, 1062
;

;

930 conicse vel filiformes,
fungiformes (mediae), 869
of

plexus of nerves,

;

;

;

maximae (circumvallate),

;

869 of skin, 63 of tongue, 868
Papillary layer of skin, 63
;

Ovary, 1109; development of, 113; Graafian
vesicles of,
ligament of, 1 1 1 2
lymphatics of, 708 nerves of, 1 1 1 2 ovi-

mo;

;

;

;

capsule of, 1 1 1 1
shape, position, and
dimensions, 1 109; stroma of,
tunica
vessels of, 1112
albuginea of,
Ovicapsule of Graafian vesicle,
Oviducts, 1 108
Ovisacs of ovary,
Ovula of Naboth, 1107
Ovum, 7,72; early changes in, 74 discharge
fertidiscus proligerus of, 73
of, 1 1 1 1
lisation of, 74
germinal spot of, 73
germinal vesicle of, y^
vitelline membrane of, 72 yolk of, 72 zona pellucida
;

mo;

mo;

mi

mo

;

;

;

;

;

;

!

;

;

Par vagum, 803
Paraglobulin,

i,

5

Parallel fissure, 741 ; striae of Eetzius, 928
Paramastoid process, 143
Parietal bones, 145
articulations of, 148
;

attachment

;

muscles to, 148; development of, 147 eminence, 146 foramen,
146; cells of gastric glands, 971; lobe,
739 veins, 106
of
;

;

;

Parieto-occipital fissure, 738, 743
Parieto-sphenoid artery, 582
Parotid duct, 936 fascia, 400, 406
;

;

gland,

accessory portion of, 936
nerves
935
of, 937; vessels of, 937 lyraphatic glands,
;

;

;

;

699 veins, 669
Parovarium, iii, 114,
Patella, 279
articulations of, 280
attachment of muscles to, 280 development,
fracture of, 545 surface form of,
of, 280
280 surgical anatomy of, 280
Pecquet, reservoir of, 698
Pectineus muscle, 516
Pectiniforme septum, 1086
Pectoral region, dissection of, 467
Pectoralis major, 4,68, minor, 470

horivertical plate of, 178
zontal plate of, 177; orbital process of,

Peculiar dorsal vertebrae, 127
Pedicles of a vertebra, 121
Peduncles of cerebellum, 774
of cerebrum, 750; of corpus callosum, 751
of pineal gland, 762

of,

73

;

Oxyntic cells, 971
Oxyntic glands, cardiac, 970

mi

;

pyloric,

970

;

;

;

;

;

Pacchionian depressions, 147; glands, 675,
723, 724
Pacinian corpuscles, 48
Pad of corpus caUosum, 751
Palatal glands, 934
Palate, arches of, 934 development of, 92
soft, 934; bone, 177; articuhard, 934
lations of, 1 80
attachment of muscles
development of, 1 80 turbinated
to, 1 80
;

;

;

;

;

178

crest

of,

179

sphenoidal process of, 179 muscles
process of superior maxillary,

of,

;

935

;

;

;

;

172
Palatine aponeurosis, 421
ing, 563

;

artery, ascenddescending or posterior, 571
;

;

;

;

;

Peduncular

fibres of cerebrum, 763
of
cerebellum, 771 '
Pelvic fascia, 1145; parietal or obturator
layer, 1 1 46
visceral layer,
46 girdle,
221
plexus, 865
;

;

n

;

;

4 F

2

>

,
;
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articuPelvis, 267, 1073 ; arteries of, 633
boundaries
lations of, 330 axes of, 269
;

;

brim of, 267 cavity of, 268
267
inlet of,
false, 267
diameters of, 269
268; ligaments of, 330; lymphatics of
of,

;

;

;

;

;

.

TO']

male and female, differences

;

;

;

;

;

;

;

;

;

;

corpus
corpora cavernosa, 1086
spongiosum, 1087 development of, 116
dorsal artery of, 639 dorsal vein of, 691
suspensory ligament,
nerve of, 849
1085 lymphatics of, 707, 1088 muscles
nerves of, 1088
prepuce of,
of, 464
1086; root of, 1085; surgical anatomy
of, 1088
Penniform muscle, 384
Perforans Casserii nerve, 823
Perforated space, anterior, 748 posterior,
749
Perforating arteries, of hand, 613; from
mammary artery, 597 from plantar,
564 from profunda, 652
Pericardiac arteries, 596, 618
Pericardium, relations of, 1014; diverticula
structure of, 1015 fibrous layer
of, 1015
of, 1015; serous layer of, 1016; nerves
vestigial fold
of, 1017; vessels of, 1017
of, 684, 1017
Perichondrium, 22, 31
Perilymph, 914
Perimj'Sium, external, 36 internal, 36
Perinseum, in the male, 1 1 39 in the female, 1 144; abnormal course of arteries
in, 1 144; deep boundaries of, 1139; development of, 115; lymphatics of, 707
muscles of, 465
surgical anatomy of,
X137
Perineal artery, superficial, 638
transverse, 638;
fascia,
deep, 464, X140;
superficial, 461
nerve, 849; superficial,
849
Permeurium, 45
Periosteum, 25 internal, 25
of teeth, 923
Peripheral termination of nerves, 47
Peritoneum, lesser cavitj" of, 958, 962
greater cavity of, 958 ligaments of, 964
mesenteries of, 965
omenta of, 964 re1085

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

flections traced,

958

cartilage, 21
teeth, 923
Peroneal artery, 662 peculiarities of, 662
anterior, 663
nerve, 851 tubercle, 291
veins, 689
Peroneus brevis muscle, 533 longus, 533;
tertius, 528
Perpendicular plate of ethmoid, 1 64 line
of ulna, 240
Pes accessorius, 753 anserinus, 797 hippocampi, 756
Petit, canal of, 894
triangle of, 449
Petro-mastoid portion of temporal bone,
;

;

;

;

i

;

development

357;

articulations

259; foot, 300;
development

of,

300, 383

of,

;

300
Pharyngeal aponeurosis, 941 arches, 93
artery, ascending, 566
clefts, 93
fascia,
406 ganglion, 859 glands, 942 nerve,
from external laryngeal, 807 from glossopharyngeal, 803
from Meckel's ganglion, 790
from sympathetic, 858 from
vagus, 807 plexus of nerves, 807, 858
spine, 143
vein, 672
tonsil, 942
Pharyngeo-glossus muscle, 415
Pharynx, 941 aponeurosis of, 941
arteries of, 566 development of, 109 mucous
membrane of, 942 muscles of, 418 surgical anatomy of, 942
of,

;

;

;

;

;

;

;

;

;

;

;

:

;

;

;

;

;

;

;

;

;

Phleboliths, 691

Phrenic arteries, 629; nerve, 819; plexus
of nerves, 863
veins, 693
Phreno-colic ligament, 966
Pia mater, of brain, 726; of cord, 713;.
testis, 1093
Pigment, 21 of iris, 886; of skin, 63
Pigmentary layer of retina, 890
;

;

external abdominal ring, 450,,
of diaphragm, 444
of fauces, 934
peduncles of, 762 ;
Pineal gland, 761
recess, 759
Pinna of ear, 902 ligaixients of, 903 muscles of, 903
nerves of, 904 vessels of,,
Pillars
1 1 1

of

7

;

;

;

;

;

;

;

903
Pisiform bone, 250
Piso-metacarpal ligament, 352
Piso-uncinate ligament, 352
Pit of the stomach, 219
development of, 94 ;
Pituitary body, 749
fossa, 158; membrane, 875
Pivot-joint, 308
Placenta, 87
circulation, 103
Placental sinus, 88
artery, external, 663
Plantar arch, 663
fascia, 535
ligaments,
internal, 663
nerve, exIT] cutaneous nerve, 850
ternal, 851; internal, 850 veins, external^
689 interna], 689
Plantaris muscle, 530
;

;

;

;

;

;

;

;

;

;

Perivascular lymphatics, 58, 675

Permanent

;

;

of,

position of, 267
outlet of, 268
270
position of viscera at oiitlet of, 1142;
surface form
of kidney, 1062
true, 267
surgical anatomy of, 271
of, 270
about puberty, 270
Pelvis in foetus, 270
after puberty, 270
arteries of, 1087
body of,
Penis, 1085

Vidian, 788; small, superficial, 911;
deep, large, 789
deep, small, 911
long,
911; process, 159; sinus inferior, 677;
superior, 677
Petrous ganglion, 803 portion of temporal
bone, 155
Peyer's glands, 980
Phalanges of cochlea, 918
Phalanges, hand, 256
articulations of,
;

;

;

Plates, tarsal, 897

;

;

;

157
Petro-occipital suture, 188
Petro-sphenoidal suture, 188
Petrosal nerve, superficial or large,

5

Plasma

;

;

Plasma,

;

cells, 18

Platysma myoides, 404
1046; cavity of, 1046; costalis,.
pulmonalis, 1046; reflections of,,
traced, 1046 vessels and nerves of, 1047;
surgical anatomy of, 1047

Pleura,

1046;

;

Pleuro-peritoneal cavity, 81
Plexus of Nerves, 46 aortic, 865 brasuperchial, 820
cardiac, deep, 861
;

;

:

;

external, 859
862 carotid, 856
posterior
cervical, 818
cavernous, 858
816 coeliac, 864; colic, left, 865 middle,
864 right, 864 coronary, anterior, 862
diaphrag]3osterior, 862
cystic, 864
ficial,

;

;

;

;

;

;

;

;

;

from

;

;

;

15

5

1

1

;
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Plexus of Nerves {continued)
matic, 863 epigastric or solar, 862 facial,
859 gasoric, 864 gastro-duodenal, 864
left,
gastro-epiploic,
great
864
864
laaeniorrhoidal, superior,
cardiac,
861
865 inferior, 865 hepatic, 864 hypoileo-colic
gastric, 865
inferior.
865
;

;

;

;

;

;

;

;

;

;

;

;

;

Inxabar, 837
infra -orbital, 786
864
superior, 864
mesenteric, inferior, 865
oesophageal, 808
ovarian, 864 ophthal
mic, 858 pancreatic, 864 pancreatico
duodenal, 864 patellae, 843 pharyngeal
prostatic, 865
803, 859 phrenic, 863
pulmonary, anterior, 808 posterior, 808
sacral, 845
pyloric, 864
renal, 864
spermatic, 864
sigmoid, 865
solar, 862
splenic, 864
superficial cardiac, 862
suprarenal, 864
tonsillar, 803
tympanic, 910; uterine, 866; vaginal, 865;
vertebral, 860
vesical, 865
Plexus of cornea, intra- epithelial, 882 subepithelial, 882
Plexus magnus profundus, 86 i
Plexus of Veins. See Veins
Plica-epigastrica, 11 23; hypogastrica, 1123;
urachi, 1 123
Plica semilunaris, 899
Pneumogastric lobule of cerebellum, 770
Pneumogastric nerve, 803
Polar globules of Eobin, 73
Pomiim Adami, 1032
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Pons
Pons

;

;

;

internal, 149
basilar, 143
ciliarj',

884

clinoid, anterior, 161
middle, 158; posterior, 158; cochleariform, 157, 907;
condyloid of lower jaw, 185; coracoid,
;

229; coronoid of lower jaw, 185
of
nlna, 238
costal. 129
ethmoidal of inferior turbinated, 181
frontal of malar, 175
hamular of lachrymal, 175 of sphenoid,
162 of helix, 902
;

;

;

;

of Ingrassias, 161
jugular, 143

lachrymal

of inferior turbinated bone, 1 8
malar, 172; mastoid, 154; mammillary,
1
29 maxillary of inferior turbinated,
181
of malar bone, 176; mental, 183
;

;

nasal, 172
;

;

;

;

;

sphenoidal of palate, 1 79
spinous of
tibia, 281
of ilium, 262
of sphenoid,
161
styloid of temporal, 157
of ulna,
242 of radius, 244
unciform, 253 of ethmoid, 165
vaginal of sphenoid, 1 60 of temporal, 1 5 7
vermiform of cerebelhmi, inferior, 770
superior, 769
zygomatic, 176
Processes of Ingrassias, 161
ad pontem,
Processus ad meduUam, 772
772 brevis of malleus, 909 cochleari;

;

;

;

;

;

;

vein, 695

;

;

;

Portio dura or seventh nerve, 796 mollis,
or auditory nerve, 801
inter duram et
;

;

797

Porus opticus

of sclerotic, 880, 887
Posterior [See under each separate head)
Posterior and internal frontal artery, 581
Posterior choroid artery, 594
Posterior glenoid i^rocess, 152
Posterior vertebral veins of Eathke, 107
Posterior vesicular column, 722
Postero-lateral ganglionic arteries, 594
median ganglionic arteries, 594
Post-central sulcus, 739
Post-glenoid process, 152
Post-oral arches (fcetal), 92
Post-patellar bursa, 5 1
Pott's fracture, 545

Pouch of Douglas, 1104
Pouches, laryngeal, 1037
Poupart's ligament, 450,
Prsecentral fissure, 738
Precuneus lobe

;

;

;

998, 1000

moUem,

;

;

;

;

;

cerebral vesicles,

palatine of superior maxillary, 172
postglenoid, 152
pterygoid of palate bone,
178; of sphenoid, 162

;

275 vem, 689
Popliteus muscle, 531
Pores of the skin, 67
Portal canals, 998
fissure, 996

;

90
Primitive jugular veins, 107 trace, 76, 79;
aorta, 104
sheath of nerve-fibre, 42
ocular vesicle, 97
otic
or auditory
vesicle, 99
fibrillae of Schultze, 43
Princeps cervicis artery, 565 pollicis artery, 612
Processes or Process, acromion, 228
alveolar, 172; angular, external, 149;

;

;

;

Prevertebral fascia, 406
Prickle cells, 14
Primary areola of bone, 31

odontoid of axis, 124 olecranon, 238
olivary, 158; orbital of malar, 175
of
palate, 179

hepatis, 996
Varolii, 734 ; 'Tarmi, 749
Popliteal artery, 652; branches of, 655
peculiarities of, 654; surgical anatomy
of, 655
surface marking of, 655
lymphatic glands, 704; nerve, external, 851
surgical anatomy of, 854; internal, 849;
notch, 281 space, 652 siu'face of femur,
;

"73

of brain,

;

;

;

formis, 157, 907; e cerebello ad testes,
caudatus, 902 gracilis of malleus,
771
;

909
Profunda

;

cervicis

artery,

598

femoris

;

650 vein, 672 inferior artery
arm, 608 superior, 608
artery,

;

;

of

;

Prohepaticus, 952

Promontory

tympanum, 907

of

of sacrum,

;

132

Pronator quadratus muscle, 485 radii teres
muscle, 482 ridge, 240
Pronephros, 1 1
Pronucleus, female, 74 male, 74
Prosencephalon, 94
Prostate gland, 1083 lobes of, 1084 levator umscle of, 460, 1 084 lymphatics of,
708 surgical anatomy of, 1085 vessels
and nerves of, 1084
;

;

;

11 18, 1131

;

;

;

744

Pre-oral arches (foetal), 92
Prepatellar bursa, 5 1
Prepuce, 1086; of clitoris, 11 00
Presternal notch, 2 1
Presternum, 211

;

;

Prostatic plexus of nerves, 865 of veins,
sinus,
portion of urethra, 1080
690
;

;

1080
Protoplasm, 8

;

;;;

;
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Protovertebrae, 8i
;

;

;

;

399
Pterygo-palatine artery, 571; canal, 160;
nerve, 790
Pterygoid arteries, 570; muscles, 401 fossa
of sphenoid, 162; of lower jaw, 185;
plexus of veins,
notch, 162
nerve, 791
670; process of palate bone, 178; processes of sphenoid, 162; ridge, 160;
tubercle, 162
Pubic arch, 268 articulations of, 333 portion of fascia lata, 512
crest of, 264
Pubis, OS, 264 angle of, 264
spine of, 264 symphysis of, 264, 333
Pubo-femoral ligament, 358
Pubo-prostatic ligaments, 1084
Pudendum, 1099
Pudic artery in male, 637 peculiarities of,
in female, 639
accessory, 638
638
deep external, 650 superficial external,
vein, external, 688
nerve, 847
649
internal, 690
Pulmonary artery, 547, 1052 opening of,
in right ventricle, 1021 capillaries, 1052;
nerves from vagus, 808; sinuses, 1022;
veins, 666, 667, 1054
openings of, in left
auricle, 1023
Pulp-cavity of tooth, 926 of spleen, loio;
of teeth, development of, 932
Pulvinar of optic thalamus, 759
Puncta vasculosa, 751 lachrj-malia, 899
Pupil of ej'e, 885
membrane of, 887
Purkinje, axis-cylinder of, 42
vesicle of,
;

;

;

;

;

;

;

;

;

;

;

;

;

'

;

;

;

;

;

;

;

;

;

;

corpuscles of,
73
Pyloric artery, 624
970 plexus, 864
Pylorus, 967
;

;

'j'jj)

inferior,

624

;

glands,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

gical

anatomy

;

990
Rectus abdominis, 453
capitis anticus
major, 423 minor, 423 posticus major,
438; minor, 4381 lateralis, 424 femoris
muscle, 513; surgical anatomy of, 515;
oculi, internus, superior, inferior, and
externus, 393
Recurrent artery, interosseous, 615 radial,
611 tibial, anterior, 659 posterior, 659;
ulnar, anterior, 614;
posterior, 614;
laryngeal nerve, 807 nerves to tentorium,
of,

;

;

;

;

;

;

;

Pyramid

in vestibule, 912; of cerebellum,
of thyroid gland, 1056; of tj^m-

TTo;

Radio-carpal articulation, 350 surface form
of, 352
surgical anatomy of, 352
Radio-ulnar articulations, inferior, 349
middle, 348 superior, 347 region, anterior, muscles of, 481
posterior, muscles
of, 488
Radius, 243 articulations of, 245 development of, 244 fracture of, 505 grooves in
lower end of, 244 muscles attached to,
oblique line of, 243 sigmoid cavity
245
of, 244
surface form of, 245
tuberosity
of, 243
and ulna, fracture of, 506
surgical anatomy of, 245
Rami of the lower jaw, 184
Ramus of ischium, 263 of os pubis, 265
ascending of os pubis, 264 descending,
265
Ranine artery, 561 vein, 669, 672
Ranvier, nodes of, 43
Raphe of corpus callosum, 751 of medulla,
732 of palate, 934 of perinaeum, 1 139
of scrotiim, 1089; of tongue, 868
Rathke, investing mass of, 91
Rathke, posterior vertebral vems of, 107
Receiving tubes of kidney, 1064
Rece]3taculi arterise, 577
Receptaculum chyli, 698
Recess, optic, 759 pineal, 759
Recessus labyrinthi, 99
Reciprocal reception, articulations by, 308
Recto-uterine ligaments, 1104
Recto-vesical fascia, 1146; fold, peritoneal,
1077
Rectum, 987; development of, 109; relations of, male, 987; female, 987, 1102;
folds of, 989
lymphatics of, 708 sur;

Protovertebral column, 88 somites, 88
Protuberance, occipital, external, 141 internal, 143
Pseudostomata of sweat glands, 68
Psoas magnus muscle, 508 surgical anatomy of, 509 parvus, 508
Pterion ossicle, 167
Pterygo-maxillary fissure, 198; ligament,

panum, 907

;

;

781

Pyramidal

cell or nerve corpuscle, 766
Pyramidalis muscle, 455 nasi, 395
Pj-ramids of medulla, 728, 730 decussation
of, 729
of Ferrein, 1064
of Malpighi,
1062 of the spine, 137
Pyriformis muscle, 520
;

;

;

;

;

Region, abdominal, muscles of, 447 acroauricular, 389
mial, muscles of, 473
back, muscles of, 426
cervical superficial, muscles of, 404
;

;

cranial, 387
epigastric, 947

femoral, muscles

of, anterior, 509; inposterior, 524; fibular, 533
sole of, 536
foot, dorsum of, 536
groin, 1128
gluteal, muscles of, 518
humeral, anteof hand, muscles of, 492
rior, 477; posterior, 480; hypochondriac,
947 hj'pogastric, 948
infra-hyoid, 409
iliac, muscles of, 507

ternal, 515

Quadrate lobe, 74
Quadratus femoris muscle, 522 lumborum,
458 menti, 397
Quadratus lumborum, fascia covering, 458
Quadriceps extensor cruris muscle, 513
Quadrigeminal bodies, 762
;

;

;

;

;

;

;

;

;

1128; intermaxillary, muscles
398; ischio-rectal, 11 37

inguinal,
of,

Eacemose glands,

laryngo-tracheal,

71

Radial artery, 609 branches of, 61 1 peculiarities of, 610; surgical anatomy of,
611 surface marking of, 611 lymphatic
glands, 702; nerve, 830; recurrent artery,
611
region, muscles of, 486
vein, 681
Eadialis indicis artery, 613
;

;

;

;

;

;

surgical

1044 lingual, muscles
948
maxiUary, muscles of,
superior, 396
nasal, muscles of, 395
orbital, muscles of, 392
;

of,

anatomy

of,

413 lumbar,
;

inferior,

397

;

;

INDEX
muscles of, 420 palmar, 492
perinteum,
388;
1139;
pharjmgeal, muscles of, 418; pojjliteal,
652; pterygo-maxillary, muscles of, 401
radio-ulnar, anradial, muscles of, 495
posterior, 488
terior, 481
scapular, muscles of, anterior. 474 posScarpa's txiangle, 644
terior, 475
suprahyoid, muscles of, 411
temporo-masillary, muscles of, 400 tholateral, 472;
anterior, 468
racic, 468
palatal,

;

;

palpebral,

;

;

;

;

;

;

tibio -fibular,

;

anterior,

525

;

posterior,

528
umbilical, 948
ulnar, 497
vertebral, muscles of, anterior, 423
;

;

late-

424
Eegions of abdomen, 947
Eeil, island of, 742
ral,

Kemak,

fibres of, 43
vessels, 1063, 1066; artery,
1066; inferior, 628; efferent vessels, 1063,
1067 plexus, 864 veins, 693, 1067
;

Eeservoir of Pecquet, 698
Eespieation, organs of, 1032; muscles

Eosenmiiller, organ

of, 1

of teeth, 923

;

1 1 1 1

;

899
Eostrum of sphenoid bone, 160

;

gland

4,

1

;

accessory

of,

of corpus
callosum, 751
Eotation, 310
Eotatores spinas muscles, 437
Eound ligaments of uterus, 11 12; relations
of, to femoral ring, 1 134
of liver, 996
Eugae of stomach, 970 of vagina, 1 103
Eupture of urethra, course taken by urine
in, 1 139
Eust-coloured layer of cerebellar cortex,
;

;

Sac, lachrymal, 900
Saccular secretorj^ glands, 71
Saccule of vestibule, 914
Sacculus laryngis, 1037

Sacra-media
of,

446
Eespiratory nerves of Bell, external, 822
internal, 819; organs, development of

no

artei-y,

630

Sacral arteries, lateral, 641
canal, 135
cornua, 133; foramina, 133; ganglia, 861
groove, 134; lymphatic glands, 707
nerves, 843
anterior divisions of, 844
posterior divisions, 844
roots of, 843
plexus, 845
vein, lateral, 691
middle,
691 peculiarities of, 691
Sacro-coccygeal ligaments, 332
;

;

;

Eestiform bodies of medulla oblongata
729
Eete miicosiim of skin, 61 Malpighii, 62
testis, 1094
Eeticular cartilage 24 layer of skin, 63
lamina of Kolliker, 917
Eetiform connective tissue, 19
arteria centralis of, 581, 892
Eetina, 887
limbus luteus
fovea centralis of, 891
membrana limitans interna
of, 887
888 externa, 890 layers of, 888 struc
ture of, 888
Eetinacula of ileo-CEecal valve, 984
Eetrahens aurem muscle, 390
Eetro-pharyngeal space, 406
Ehomboid impression, 223 ligament, 335
;

;

;

;

;

;

;

;

;

;

Ehomboidal sinus, 93
Ehomboideus major, 431

;

minor, 430

Eibes, ganglion of, 854
Eibs, 214; angle of, 216; articulations

of,

323; attachment of muscles to, 218; defloatA^elopment of, 90, 218; false, 215
ing, 215 head of, 215 ligaments of, 323
neck of, 216; peculiar, 217; true, 215;
tuberosity of, 216
mylo-hyEidge, internal occipital, 143
oidean, 1 84 pterygoid, 1 60 superciliary,
148; temporal, 146, 151, 197
Eima glottidis, 1036
Eing, abdominal, external, 449, 1117; internal, 1 1 21; femoral or crnral, 1134;
fibrous, of heart, 1025
Eing muscle, 887
Eisorius muscle, 399
incisura of, 906, 909
Eivini, ducts of, 937
Eobin, polar globules of, 73
Eods of Corti, 916 of retina, 890
Eod-granules of retina, 890
fissure of,
Eolando, tubercle of, 729, 731
topography of, 745
funiculus of,
738
729
Eoof nuclei of Stilling, 774
Eoot of lung, 1050
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Sacro-iliac articulation, 330

Sacro-lumbalis muscle, 435
Sacro-sciatic foramen, greater,

263, 332
ligaments, 331
notch,
greater, 263
lesser, 263
Sacro-uterine ligaments, 1105
Sacro-vertebral angle, 1 32 ligament, 329
Sacrum, 132; ala of, 134; articulations of,
136; attachment of muscles to, 136;
development of, 135 peculiarities of, 135
structure of, 135
Sacs, dentinal, 930
Saddle joint, 308
Sagittal suture, 186
Salivary glands, 935
structure of, 938
Salpingo-pharyngeus, 421
lesser, 263,

332

;

;

;

;

;

;

;

;

;

'

Eoot shea,th of hair, 65
Eoots of spinal nerves, 812
ofzygomatic process, 152

773

Eenal afferent
;

1175

Salter, incremental lines of,

928

Santorini, cartilages of, 1034
Saphena veins, surgical anatomy of, 689
Saphenous nerve, long or internal, 842
short, 850; opening, 512, 1131; vein,
external or short, 689 internal or long,
surgical anatomy of, 689
688, 1128
Sarcode, 8

;

;

;

Sarcolemma, 36
Sarcoplasm, 37
Sarcostyles, 37
Sarcous elements of muscle, 38
Sartorius muscle, 412
Scala tympani of cochlea, 914, 916 vestimedia, 916
buli of cochlea, 914, 916
Scalse of cochlea, 916
posScalenus anticus, 424 medius, 424
ticus, 425
Scalp, skin of, 388
Scaphoid bone (hand) 246, (foot) 394 fossa
;

;

;

;

;

of sphenoid, 162

Scapula, 225

ment

of

;

articulations

muscles

230; dorsum

of.

to,

230

225

;

;

230 attachdevelopment of,

of,

;

glenoid cavity

of,

1

9

1

;

1 ;;

INDEX

II76

head of, 228 ligaments of, 338
228
mnscles of, 474 spine oU 226 venter of,
surface form of, 230; surgical ana225
;

;

;

;

;

;

tomy

of,

;

;

;

of,

448

foramina

;

193
Scarpa's triangle, 644
Schachowa, spiral tubes
Schindylesis, 307
Schlemm, canal of, 882

of,

173,

of,

1064
of,

340

;

;

;

;

;

;

;

Sella tm-cica, 158, 191
Semicircular canals, 912

;

;

;

;

Semimembranosus muscle, 525
1095
Semispinalis muscle, 437
Semitendinosus muscle, 524
Senac, on structure of heart's valves, 1021
Senses, organs of the, 867
Septum auricularum, 1023; crurale, 1135;
lucidum, 755; of nose, 203; artery of,
564; cartilage of, 875; pectiniforme,
1086; of Pons Varolii, 735; scroti, 1089;
subarachnoid, 713; of tongue, 868; ventriculorum, 1024
Septum between bronchi, 1042
Serous glands of tongue, 87

;

;

;

;

;

;

;

;

;

;

;

;

159
Sinuses of Valsalva, aortic, 549, 1024; piolmonary, 1022
Sinus circularis iridis, 882
of inSinus of external jugular vein, 671
ternal, 671
Sinus of kidnej', 1 06
Sinus of Morgagni, 4 1
Sinus pocularis, 112, 1080
Sinus prostaticus, 114, 1080
Sinus venosus, 106
surgical anatomy of, 796
Sixth nerve, 795
Skeleton, 119; number of its pieces, 119
appendages
Skin, General Anatomy of, 61
corium of, 63
of, 64
arteries of, 63
cuticle of, 61
derma, or true skin, 63
development of, 100 epidermis of, 61
muscular fibres
hairs, 64
furrows of, 61
of, 66
nails, 64
nerves of, 64 papillary
sebalayer of, 63 rete mucosum of, 61
ceous glands of, 66 sudoriferous or sweat
glands of, 66 tactile corpuscles of, 49
vessels of, 63
Skull, 141, 189; anterior region, 199; base
;

;

;

;

;

;

;

;

;

;

;

;

;

;

external surface, 193, internal surface
fossa of, anterior, 1 90, middle, 1 9
posterior, 192; lateral region of, 196
tables of, 119; surface marking of, 204
vertex of, 189; surgical anatomy of, 206
vitreous table of, 120
Slender lobe of cerebellum, 770
Small intestine, areolar coat of, 976 mucous coat of, 976 muscular coat of, 976
serous coat of, 976 simple follicles, 979
villi of, 977
valvulae conniventes, 976
of,

90

;

;

;

;

;

;

;

Small

intestine,

973

;

duodenum,

973

;

ileum, 975 jejunum, 975
Socia parotidis, 936
aponeurosis of, 934
Soft palate, 934
muscles of,
arches or pillars of, 934
420 structure of, 934
Solar plexus, 862
Sole of foot, muscles of, first layer, 537,
second la,yer, 538, third layer, 539, fourth
;

;

;

;

;

posticus

inferior,

;

i, 5

layer, 540
Soleus inuscle, 529

i

Sesamoid bones, 304 cartilages, 874
Seventh nerve, 796; surgical anatomy
;

of,

801
Shaft of a bone, its structure, 1 19
Sheath of arteries, 53 of muscles, 36 of
nerves, 43; femoral or crural, 1133; of
rectus muscle, 455
Shin, 282
;

arterj^, 627
cavity, greater of
uhia, 238
lesser, of ulna, 240
of radius,
244 flexure of colon, 986 meso-colon,
966; notch of lower jaw, 185
Sinuses, cranial, 149, 667, 675
cavernous,
676 circular, 677 lateral, 676 longitudinal, inferior, 676
superior, 675
occipital, 676
petrosal, inferior, 677
supestraight, 676
transverse, 678
rior, 677
Smuses of heart, of right auricle, 1019, of
left, 1023; of coronary vein, 695, 1020
Sinuses of nose, 149; ethmoidal, 166 frontal,
149; maxillary, 171; sphenoidal,

1

1093; tubes, 1093; vesicles,

globulin,

Sigmoid

;

;

Serum

;

.341.

;

Semilunar bone, 249 cai'tilages of knee,
366; fold of Douglas, 452, 455; fascia,
ganglion of fifth nerve, 782
of
479
abdomen, 862 valves, aortic, 1024 pulmonic, 1022

Serum,

;

;

ligament

221;

girdle,

473;

;

;

Serous membranes, 68
Serratus magnus, 472
432 superior, 431

of,

surface form of, 342
surgical
of, 342
vessels and nerves of,
;

;

Schneiderian membrane, 875
Schreger, lines of, 928
Schultze, cells of, yjy, 877 primitiA-e fibrillae
of, 43
Schwann, white substance of, 42
nerve, greater, 849
Sciatic artery, 639
surgical anatomy of, 853; nerve, lesser,
847 veins, 690
Sclerotic, 880
Scrobiculus cordis, 219
Scrotal hernia, 1 1 24
Scrotum, 1089; dartosof, 1089; development
of, 116; lymphatics of, 707; nerves of,
1090 septum of, 1089 siirgical anatomy
of, 1091
vessels of, 1090
Sebaceous glands, 66
Second nerve, 778 surgical anatomy of,
779
Secondary areolae of bone, 32
ocular
vesicle, 98
Secreting glands, 70

cells,

339

;

;

Seminal

joint,

anatomy

231

notch,
artery, posterior,
596
region, muscles of, anterior,
great, 228
474 posterior, 475
Scapulo-clavicular articulation, 336
Scarf skin, 61

Scapular

Scarpa, fascia

Short bones, 1 19
Shoulder, muscles

;

Solitary glands, 979
Somatopleure, 81
Soixmierring, yellow spot of, 887
Space, anterior perforated, 748

;

axillary,

215; popliteal, 652;
posterior perforated, 749
Spaces of Fontana, 882
598;

intercostal,

1

:

INDEX
Spermatic Artery, 629, 1090

canal, 11 20;

;

1090; course of,
nerves of,
1090; lymphatics of, 1091
relation to femoral ring, 1134; re1091
lations of, in inguinal canal, 1 090, 1 1 2 1
fascia, external, 450,
veins of, 1091
of veins,
1 1 18; plexus of nerves,
1091
surgical anatomy
692; veins, 692, 1091
of, 692
Spermatoblasts, 1093
Spermatogenic cells, 1093
Spermatogonia, 1093
Spermatozoa, 1093
Spheno -maxillary fissure, 197 fossa, 198
Spheno-palatine artery, 571 foramen, 180
ganglion, 788; nerves, 787; notch, 180
Spheno-parietal sutm-e, 188
Sphenoid bone, 158; ai'ticulations of, 163;
attachment of muscles to, 163 body of,
158, development of, 162, greater wings
of,
160, lesser wings of, 161, pterygoid
processes of, 162, rostrum of, 160 spinous
processes of, 161
vaginal processes of,
160
Sphenoidal epithelium, 13
Sphenoidal fissiu-e, 161; nerves in, 796;
process of palate, 179; sinuses, 159;
spongy, or turbmated bones, 162
Sphincter muscle of bladder, 1078 of rectum, external, 459, internal, 459; of
vagina, 465
Spina bifida, 140
Spinal accessory nerve, 809 surgical anatomy of, 809
Spinal arteries, anterior, 592 lateral, 592
posterior, 592
median, 592 canal, 139
Spinal Cord, 714; development of, 88;
arachnoid of, 713; arrangement of grey
and white matter in, 716, central canal
cord, 1090; arteries

of,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

717, central ligament of, 714, columns
716, dura mater of, 712, fissures of,
715, foetal peculiarity of, 715, grey commissure of, 717, minute structure of, 718,
ligamentum denticulatum of, 714, membranes of, 712, neuroglia of, 718, pia
mater of, 713, sections of, 716, surgical
anatomy of membranes of, 714, white
of,

of,

commissure

matter

white

716,

of,

of,

716

1177

Spiral canal of cochlea, 913

line of femur,

;

273

Spirem or skein, 10
Splanchnic nerve, greater, 860, lesser, 860,
smallest or renal, 860
Splanchnoplem-e, 81
Spleen, 1008 capillaries of, ion develop;

ment

;

no;

of,

tibro-elastic coat of, 1009;

lymphatics

of,
709, 1013; Malpighian
bodies of, ion
nerves of, 1013 proper
substance of, loio
relations of, 1008
serous coat of, 1009 size and weight,
artery of,
1009
loio
structure of,
1009; surface marking of, 1013; trabeculae of, 10 10; veins of, 1012
surgical
anatomy of, 1013
Splenic artery, 625
distribution of, loio
plexus, 864; corpuscles, ion;
pulp,
;

;

;

;

;

;

;

;

;

loio

;

vein, 693
Splenium of corpus callosum, 751
;

Splenius muscle, 432
Spongy portion of urethra, 1081 tissue of
bone, 119
Spring hgament, 378
Squamo-sphenoidal suture, 188; parietal
suture, 1 88
zygomatic portion of temporal bone, 157
Squamous portion of temporal bone, 1 5
Stapedius muscle, 910
;

;

annular
909
development of, 99

Stapes,

ligament

;

Stellate ligament,

909

of,

323 plexus of kidney,
1067
Stenson, foramina of, 173, 193
Stenson's duct, 936
Sternal end of clavicle, fracture of, 503
foramen, 211; furrow, 219 ligaments, 328
Sterno-clavicular articulation, 334
surface form of, 336
sui"gical anatomy of,
336
Sterno-hyoid muscle, 409
Sterno-mastoid muscle, 407 artery, 560
Sterno-pericardiac ligaments, 1015
Sterno-thyroid muscle, 409
Sternum, 211 articulations of, 214 attachment of muscles to, 214 development of,
ligaments of, 328
90, 213
Stilling, canal of, 893
Stomach, 967 alteration in position of,
968 alveoli of, 970; areolar coat of, 969
curvatures of,
cardiac glands of, 971
967; development of, 108; fundus of,
967 gastric follicles of, 970 ligaments
mucous
lymphatics of, 709
of,
968
;

;

;

;

;

;

;

;

;

;

;

Spinal foramen, 121, 139
Spinal nerves, 812
arrangement into
groups, 812
divisions of, anterior, 813,
posterior, 813; development of, 96
dis;

;

;

tribution of 8 1 3

origin of, in cord,^ 812;
ganglia of, 813 origin of roots, anterior,
points of emergence
812, posterior, 812
,

;

;

;

of,

;

814

;

;

;

;

:

;

;

;

;

;

;

;

membrane

muscular coat of,
969
969 orifices of, 967 pyloric glands of,
970 pyloric end of, 967 pylorus, 968
serous coat of, 968 splenic end of, 967
sursurfaces of, 967
structiu'e of, 968
surgical anatomy
face marking of, 972
of, 972; vessels and nerves of, 971
Stomodoeum, 93, 94
Straight sinus, 676
of,

;

;

;

;

;

;

161, of tibia, 281, of vertebrae, 121

;

;

;

Spinal veins, 686, longitudinal anterior, 686,
posterior, 687
Spinalis colli muscle, 436
dorsi, 436
Spindle, achromatic, 10 poles of, 10
Spine, 120; General Descriijtion of, 139;
articulations of, 311
development of, 88
ossification of, 1 29 surface form of, 1 39
surgical anatomy of, 139
Spines of bones, ethmoidal, 158 of ischium,
263 nasal, 149 anterior, 173 posterior,
178 pharyngeal, 143 of os pubis, 264;
scapula, 226
Spinous process of ilium, 262, of sphenoid,
;

;

;

;

;

;

;

;

Straight tubes of kidney, 1064
Stratified epithelium, 14
Stratiform fibro-cartilage, 24

corneum, 62
767
lucidum, 62 opticum, 767, 778 gelatinosum, 766 glomerulosum, 766
Striae longitudinales, 751; laterales, 751
Striae medullaris vel acustic*, 776

Stratum cinereum,
;

;

;

;

5
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Striped muscle, 36
Stroma of ovarj', 1 1 10
Stylo-glosstis muscle, 414
Stylo-hyoid ligament, 412;

nerve from facial, 798
Stylo-mastoid arterj-, 566
vein, 670

;

;

;

muscle, 412

foramen,

;

development of, 173
changes in, produced by age, 1 74 nerve, 786
Siiperior mediastinum, 1048
meatus, 203,
medullary vehmi, 772
profunda
876
artery, 608; turbinated crest, 172; of
palate, 178
vena cava, 684
;

157

;

Superior thyroid artery, 560

Stylo-maxillary ligament, 321, 406
Stylo-pharyngeus muscle, 419
Styloid process of temporal bone, 157; of
fibula, 285
of radius, 244; of ulna, 242
;

Subanconeous nauscle, 480
Subarachnoid space of brain, 725
713;
713

tissue,

Su^caecal fossa, 983

Subclavian arteries, 585 branches of, 591
first part of, left, 586
right, 585
peculiarities of, 588; second portion of, 587
third, 587; surgical anatomy of, 589;
surface form of, 589 groove, 223 nerve,
822 triangle, 574; vein, 682
Subclavius muscle, 471
Subcostal angle, 211 artery, 619 muscles,
442
Subcrureus muscle, 5 1
Subcutaneous malse nerve, 799
Subdural space, 713, 725
Sublingual artery, 561 fossa, 184; gland,
937 vessels and nerves of, 838
Sublobular veins, 998
Submaxillary artery, 564 fossa, 184; ganglion, 794
gland, 937 nerves of, 937
vessels of, 937
lymphatic gland, 701
triangle, 573
vein, 669
Submental artery, 564 vein, 669
Suboccipital nerve, 816 posterior branch
of, 814; triangle, 439, 592
Subpeduncular lobe of cerebellum, 770
Subpleural mediastinal plexus, 596
Subpubic ligament, 333
Subscapular fascia, 474 angle, 225 artery,
604; fossa, 225 nerves, 823
Subscapularis muscle, 474
Substantia cinerea gelatinosa, 720; ferruginea, 776
gelatinosa centralis, 717
Sudoriferous glands, 66
Sulci of cerebrum, 736
Sulcus, frontal, inferior, 738 superior, 738
intraparietal,
occipital,
inferior
739
middle, 741
superior, 741
741
for
olfactory
tract,
orbital,
738
738
parallel, 741;" post-central, 739;
pre
central, 738
of Reil, anterior, 742
external, 742
posterior, 742
temporo
"
sphenoidal, middle, 741
superior, 741
tri-radiate,
sulcus longitudinalis
738
medianus, 776
Sulcus spiralis, 916
Supercilia, 896
;

;

;

;

;

;

;

;

;

;

surgical ana561
Supinator brevis muscle, 489 longus, 486
Supra-acromial nerves, 819 artery, 595
Supraclavicular nerves, 8ig
Suprasternal nerves, 819 artery, 595
Supraglenoid tubercle, 228
Suprahj'oid aponeurosis, 209, 411
Supramarginal convolution, 740

tomy

;

;

;

;

Supramastoid crest, 152
Supramaxillary nerves from

;

;

;

;

;

;

;

;

Surface Form or Marking,

;

;

;

;

;

;

;

;

;

Superciliary ridge, 148
Superficial palmar
arch, 616
cervical
artery, 596
circumflex iliac artery, 649
epigastric, 649; external
pudic, 649;
perineal artery, 638
transverse liga;

;

ment

of fingers, 495
temporal artery,
567 surgical anatomy of, 567
Superficialis colli nerve, 818
volse artery,
;

;

;

611
Superior maxillary bone, 169; articulations
of, 174; attachment of muscles to,
174;

abdominal

;

;

;

602
of brachial artery, 607
of branches of internal iliac artery,
641
of carpus, 257
of cerebral convolutions,
744 of clavicle, 224
of common carotid artery, 557; of common iliac artery, 632 of cranium,
of bladder, 1079

;

;

;

;

;

204
of dorsalis pedis artery,

of

elbow,

346
meatus, 905
artery, 559

;

;

660

external auditory
external carotid

of
of

of external iliac artery, 642
of femoral artery, 647; of femur, 278;
of fibula, 287
of fifth cranial nerve,
794 of foot, 302
of
of heart, 1027
of hip-joint, 361
humerus, 236 of hyoid bone, 210
of intestines, 990
of kidney, 1068; of knee-joint, 370; of
knuckles, 357
of larynx, 1044; of liver, 1003; of lungs,
;

;

;

;

;

1054
of

mouth, 940 of muscles of abdomen,
of back,
of head and face, 403
;

457
440
426

;

;

of

aorta, 621
of acromio-clavicular joint,
of anterior
of ankle-joint, 376
338
tibial artery, 658; of axillary artery,

;

;

;

;

;

;

;

;

;

;

;

Suprascapular artery, 595 hgament, 339
nerve, 822 notch, 228
Supraspinales muscles, 438
Supraspinatus muscle, 475
Supraspinous ligaments, 314 fascia, 475
fossa, 225
Supratrochlear foramen, 234 nerve, 783
Sural arteries, 655 veins, 689

;

;

800

;

;

;

facial,

Supra-orbital arch, 149
artery, 578
foramen, 149, 199; nerve, 784; notch, 149
Suprarenal arteries, 628; capsules, 1071
development of, 112; nerves of, 1073;
A'essels of, 1073
plexus, 864; veins, 693

;

;

;

of,

;

of cord,

;

septum, 713;

726;

fluid,

;

of

;

;

of neck,
of upper extremity, 501
palmar arches, 617; of palpebral
;

of loM^er extremity, 542

fissure,

of

;

;

900

pancreas,
pelvis,

1007

of

;

patella,

280

;

of

270

664 of popliteal artery,
of posterior tibial artery, 661
of radial artery, 611; of radio-ulnar
of
inferior, 350
joint, superior, 348
radius, 245
of plantar arch,

655

;

;

;

;

1

;

INDEX
Surface Form or Marking (continued)
230 of shoulder-joint, 342
204 of spleen, 1013 of spine,

of scapula,
of skull,

;

;

of lungs, 1055
of

of sterno-clavieular joint, 336; of sterno-

mastoid, 409 of stomach, 972
of subclavian artery, 589
of tarsus and foot. 302
temporo-maxillarj' joint, 322
of
of
thorax, 219; of tibia, 284
of ulnar, 242
of ulnar artery, 614
of vertebral column, 1 39
of wrist and hand, 257; of vi'rist-joint,
352
:

;

;

Surgical Anatomy, of abdominal aorta,
621
of acroof abducent nerve, 796
:

;

mio-clavicular joint, 338 of adductor
longus muscle, 518; of ankle-joint,
376 of anterior tibial artery, 658 of
arch of aorta, 551
of artery of the
;

;

;

;

ascending pharyngeal
of auditory nerve, 802
of
of
axilla, 600
of axillary artery, 602
axillary glands, 703
of axillary vein,
682, of azygos veins, 685
of base of bladder, 11 43; of brachial
of brachial plexus, 831
artery, 607
of bend of elbow, 605
of bones of face,
208
of branches of internal iliac, 641
of cervical
of cavernous sinus, 677
glands, 702
of cervical vertebrae, 319;
of clavicle, 224; of club-foot, 534; of
common carotid, 557; of common
iliac, 632
of deltoid muscle, 474
of dorsalis pedis
of deep epigastric, 644
artery, 660
of descending aorta, 618
of extensor muscles of thumb, 492
of
external carotid artery, 559; of external iliac artery, 642
of external
of eye, 895
jugular vein, 671
of elbow-joint, 346
of external ear, 905
of Eustachian tube, 942
of facial artery, 565
of facial vein, 669
of facial nerve, 801
of femoral artery,
11 28;
of femoral hernia,
of
647
femur, 278
bulb, 639
artery, 567

of

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

509
of

690

of

;

ham-

of

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

of

;

wrist, 493
talipes, 534
of tarsal joints, 378,
of temporal
artery, 567
of
380
;

;

;

temporo-maxillary

322 of testis,
1095 of thoracic aorta, 618 of thorax,
220 of thyroid gland, 1057 of tongue,
of
417, 872; of triangles of neck, 571
joint,

;

;

;

;

;

;

of trifacial nerve,

481;

triceps,

forearm, bones of,
of hand,
of foot, bones of, 302
245
bones of, 258
of hip-joint, 361
of
humerus, 224; of hyoid bone, 210;
of hypoglossal nerve, 812
of iliac fascia, 509
of inferior thyroid
artery, 595
of inferior vena cava, 685
of inguinal
of inguinal hernia, 1 1 1 5
glands, 704
of innominate artery,
554; of intercostal nerves, 735; of
internal carotid artery, 577; of internal
of internal mamjugular vein, 672
mary artery, 598
of internal iliac
artery, 634
of internal pudic artery,
of intestines, 990
of ischio638
rectal region, 1 137
of joints of cervical vertebrae, 319
of kidneys, 1069; of knee-joint, 2>7'^
of lachrj'mal apparatus, 901
of laryngotracheal region, 1044
of larynx, 1044;
of leg, bones
of laryngeal nerves, 808
of
of, 287
of lingual artery, 562
;

;

;

;

525

;

;

;

strings,

of scapula, 231;
Scarpa's triangle, 644
of sciatic
artery, 641
of sciatic (great) nerve,
of scrotum, 1091
of serratus
853
magnus muscle, 473 of shoulder-joint,
342 of skull, 206 of spermatic veins,
692 of spine, 140 of spinal accessory
nerve, 809
of spleen, 1013
of sternoclavicular joint, 336
of sterno-mastoid
muscle, 409
of sternum, 220
of
stomach, 972
of subclavian artery,
589 of superior thyroid artery, 561
of
synovial sheaths of tendons of
;

;

of gluteal artery, 641
of haemorrhoidal veins,

;

;

;

;

radio-uhiar

of

;

of rectus femoris muscle,

;

of

;

;

611

artery,

348

of ribs, 220
saphena veins, 689;

515
of

;

;

_

radial
joint,

;

;

;

;

;

;

;

;

;

;

middle meningeal artery, 569; of
motor oculi nerve, 781
of muscles

of eye, 395
of muscles of lower
extremitj^ 543
of muscles of soft
palate, 422
of muscles of upper
extremity,
of
musculo- spiral
503
nerve, 832
of nasal fosss, 878
of nose, 878
of oesophagus, 944
of olfactory nerve,
778 of optic nerve, 779
of palmar arch, 617; of palmar fascia,
495; of pancreas, 1007; of patella, 280;
of pelvis, bones of, 271 of penis, 1088 ;
of perinseum, 11 37; of peroneal or external popliteal nerve, 854; of pharynx,
942 of plantar arch, 664 of plantar
ligaments, 378 of pleura, 1047 of popliteal artery, 655 of posterior tibial, 661
of pronator radii teres muscle, 482
of
prostate gland, 1085 of psoas magnus,

;

;

117,9
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liver, 1004;
of lumbar plexus, 852;

;

;

139

;

794;

of trochlear nerve, 781
of ulnar artery, 617 ; of urethra, 108
of vesico-prostaof vertebral artery, 593
of vesiculse semmales,
tic plexus, 691
;

;

1097
of wrist-joint, 352

Suspensory ligament of incus, 910; of lens,
894 of liver, 995 of malleus, 909 of
;

;

;

penis, 1085

Sustentacular cells of spleen, loio

Sustentaculum tali, 290
Sutma, 307 dentata, 307

harmonia, 307
limbosa, 307 notha, 307 serrata, 307
squamosa, 307 vera, 307
Suture, basilar, 188; coronal, 188; cranial,
186; frontal, 186; fronto-parietal, 188;
intermaxillary,
fronto-sphenoidal, 188
199; internasal, 199; interparietal, 186;
masto-occipital, 188
lambdoid, 188
occipito-parietal,
188
masto-parietal,
188; petro-occiijital, 188; petro-sphenoidal, 188; petro-squamous, 188; sagitsquamospheno-parietal, 1 88
tal, 1 86
;

;

;

;

;

;

;

;

;

;

;

;

;

;

,

INDEX
i88; squamo-sphenoiclal, i88
temporal, 155 transverse facial, 188
Swallow's nest of cerebellum, 771
Sweat-glands, 66
Sylvius, fissure of, 748 surface marking of,
aqueduct of, 761
745
Sympathetic Nerve, 46, 854 cervical portion, 856
cranial portion, 858 lumbar
thoportion, 860; pelvic portion, 861
racic portion, 861 plexuses, 861 cardiac,
861
epigastric, 862
hypogastric, 865
pelvic, 865
solar, 862
Symphysis, 307; of jaw, 183 pubis, 264, 333
Synarthrosis, 306
Syndesmo-odontoid joint, 315
parietal,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Syndosmosis, 2)07
Synovia, 306
Synovial ligaments, 306 sheaths, 306
Synovial Membrane, 69, 305
articular,
bursal, 306
vaginal, 306. See also
305
Individual Joints
System, Haversian, 27
Systemic arteries, 546 veins, 666
;

;

;

;

;

Temporary

cartilage, 23
teeth, 923, 926
Temporo-facial nerve, 799
malar, 786
maxillary articulation, 320 surface form
of,
surgical anatomy of, 322
322
maxillary vein, 670
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Temporal

fascia, 400 fossae, 197; ganglion,
859 muscle, 400 nerves of auriculotemporal, 792 deep, 791
of facial, 799
ridge, 146, 149, 197; suture, 155; veins,
669
;

;

;

;

;

;

;

;

;

;

Temporo-sphenoidal

Tendo

lobe, 741
529; palpebrarum or oculi,

Acliillis,

391

Tendon, central, orcordiform, of diaphragm,
444 conjoined of internal oblique and
;

transversalis, 452, 11 19

Tendon, structure

of,

385

Tendons of wrist, relation
Tenon, capsnle of, 879

of,

494

Tensor palati muscle, 421 tarsi muscle,
canal for,
392 tj^mpani muscle, 910
vaginae femoris muscle, 512
157, 907
Tenth nerve, 803 surgical anatomy of, 808
Tentorium cerebeUi, 724
Teres major muscle, 477 minor, 476
Terminal sinus, 103
;

;

;

;

;

;

Testes, 1091 coni vasculosi of, 1094; coverings of, 1092; development of, 113; tunica
albuginea, 1092; vaginalis, 1092; vascu;

losa,

Tables of the skull, 119
Tactile corpuscles, 48
of Grandry, 49
Taenia hippocampi, 755
semicircularis,
of fourth ventricle, 775
755
Taeniae tectae, 751
Tapetum lucidum, 890 nigrum, 890
Tarsal artery, 660 bones, 287 ligaments,
376 plates of eyelid, 897 hgament of
eyelid, 391, 897
Tarso-metatarsal articulations, 380
Tarsus, 287 articulations of, 376 surface
form of, 302 surgical anatomy of, 302
synovial membranes of, 381 development
of, 300
Taste-goblets, 870
Teeth, 923 bicuspid, 924 body of, 923
canine, 924
cement of, 928 crown of,
crusta petrosa of, 928
cortical
923
substance of, 928 cuspidate, 924 deciduous, 923
dental tubiili of, 927
dentine of, 927
development of, 929
enamel of, 928 eruption of, 933 eye,
false molars, 924
fang of, 923
924
general characters of, 923 incisors, 923
intertubular substance of, 927 ivory of,
928 milk, 923, 926 molar, 925 multicuspidate, 925
permanent, 923
pulpcavity of, 926 root of, 923
structure of,
926 temporary, 923, 926 true or large
molars, 925
wisdom, 925
Tegmen tympani, 155, 906
Tegmentum of crus cerebri, 750, 764
Tela choroidea inferior, 775
Temporal arterj', 567 anterior, 567 deep,
570; middle, 567; posterior, 567; surgical anatomy of, 567
Temporal bone, 151 articulations of, 158;
attachment of muscles to, 158 development of, 157
mastoid portion, 153
petrous portion, 155; squamous portion,
structure of, 157
151

;

1093

;

gubernaculum

testis,

1097

;

lobules of, 1093; lymphatics of, 708; mode
of descent, 1097; rete testis, 1094; size
and weight of, 1092 structure of, 1093
tubuli, seminiferi of, 1093
surgical anatomy of, 1095 vas deferens of, 1094 vasa
efferentia of, 1094; vasa recta of, 1094
vas abei'rans of, 1095
Testes muliebres, 1109
^
;

;

;

;

;

;

Thalamencephalon, 94
Thalami optici, 759
Thebesii venae, 696 foramina, 696
Theca vertebralis, 712
Thigh, muscles of Ijack of, 524 deep
;

;

fascia,

fascia lata, 510; superficial fascia, 510,
1128; muscles of front, 509
Third nerve, 779 surgical anatomy of, 781
ventricle of the brain, 759
Thoracic aorta, 617; surgical anatomy of,
;

;

618
Thoracic artery, acromial, 603 alar, 604
long, 604
superior, 603
Thoracic duct, 698
Thoracic ganglia of sympathetic, 860
Thoracic nerves, anterior, 823 posterior, or
long, 822
Thoracic region, muscles of anterior, 468
lateral, 472
Thorax, General Descriijtioji of 1014; base
of,
1014 bones of, 210; boundaries of,
210; cavity of, 1014; cutaneous nerves of
anterior, 734 lateral, 734 fasciae of, 441
lower opening of, 211; lymphatics of,
muscles of, 441
parts passing
709
through upper opening of, 1014; lower
opening of, 1014 surface form of, 219
upper opening of, 210
Thumb, articulation of, with carpus, 354
muscles of, 495
Thymic artery, 553; lymphatic vessels, 711
Thymus gland, 1057; lobes of, 1058; lymphatics of, 1059
Thyro- arytenoid ligament, inferior, 1037
superior, 1037
Thyro-arytenoideus muscle, 1039
Thyro-epiglottic ligament, 1034
Thyro -epigiottideus muscle, 1039
;

;

;

;

;

,

;

;

;

;

;

;

;

;

;

;

;

INDEX
ThjTO-hj'al of hyoid bone, 210
Thyro-liyoid arcli (fcetal), 93
ligaments,
1035; membrane, 1035; muscle, 410;
nerve, 812
Thyroid artery, inferior, 594 superior, 560;
surgical anatomy of, 561; axis, 594;
branches of sympathetic, 859 cartilage,
gdnglion, 859
foramen, 265
1032
gland, 1055 isthmus of, 1055 lymphatics
middle, 672
of, 711; veins, inferior, 684
;

;

;

;

;

;

;

;

;

;

superior, 672

Thyroidea ima artery, 553
Tibia, 280
attacharticulations of, 284
ment of muscles to, 284 crest of, 282
development of, 284 fracture of shaft of,
545 nutrient artery of, 663 spinous prosurcess of, 281
surface form of, 284
gical anatomy, 287 tubercle of, 281 tu;

;

;

;

;

;

;

;

;

;

;

berosities of, 281
Tibial artery, anterior, 657; branches of,
658; peculiarities of, 658 surgical ana;

tomy

658; surface marking of, 658;
posterior, 660
branches of, 662 pecuof,

;

liarities

of,

;

661

;

anatomy

siu'gical

;

;

;

anterior, 689
posterior,
Tibialis
anticus muscle,
;

689
527

posticus

;

muscle, 532
Tibio-fibular articulations,
371; region,
anterior, muscles of, 525
posterior, 528
Tibio-tarsal ligament, 2>73
Tongue, 867 arteries of, 872 development
of, 109
fibrous septum of, 871
frsenum
of, 867
mucous glands, 870 mucous
;

;

;

;

;

;

;

membrane

of,
868; muscles of, 413;
872 papilla of, 868 serous
of, 871
surgical anatomy of, 872
Tonsillar artery, 563
Tonsillar nerves, 803
Tonsils, 935
nerves of, 935
vessels of,
of cerebellum, 770
935
Torcular Herophili, 143, 675
Trabeculae of corpus cavernosum, 1087
cranii,9i of spleen, 1009 of testis, 1093;
of foetal skuUi 91
Trachea, 1041 cartilages of, 1042; glands
of, 1043; relations of 1041
structure of,
1042 surgical anatomy of, 1044 vessels
and nerves of, 1044
Trachealis nuiscle, 1043
Trachelo -mastoid muscle, 435
Tracheotomy, 1045
Trachoma glands, 898
Tracts of cord, anter'o-lateral, 719 anterolateral ground bundle, 720
of Burdach,
720 crossed pyramidal, 719 direct cerebellar, 719; direct pyramidal, 718; of
GoU, 720; of Gowers, 719; of Lissauer,
720
Tractus intermedio-lateralis, 722
Tractus opticus, 778
Tragicus muscle, 903
Tragus, 902
Transitional epithelium, 15
Transversalis cervicis muscle, 4;^6, footnote
Transversalis colli artery, 595 muscle, 435
Transversalis fascia, 1121
muscle, 453
Transversalis humeri arterj-, 595
Transverse arteries of basilar, 593 colon,

nerves
glands

of,

;

;

;

;

;

;

;

;

;

,

;

;

;

;

;

;

;

;

;

;

;

;

;

756; of liver, 996; humeral ligament,
340 joint of foot, 375 hgament of atlas,
316 of hip, 360 of|lmee,366; metatarsal
ligament, 382
of
scapula,
of
339
shoulder, 340 superficial of fingers, 495
tibio-fibula, 372
mesocolon, 966
process of a vertebra, 121 sinus, 678 suture,
;

;

;

;

;

;

;

;

;

;

;

;

188

Transversus auriculae, 903
perinaei (in female), 465

perina;i,

;

462

;

Trapezimir, bone, 251 of pons, 735
Trapezius muscle, 427
Trapezoid bone, 251 ligament, 337
Treitz, muscle of, 953, 975
Triangle, inferior, carotid, 572; of elbow;
605; of Hesselbach, 1123,1126; of neck,
anterior, 572; posterior, 573; occipital,
574; Scarpa's, 644 subclavian, 574; submasillary, 573 suboccipital, 439 superior carotid, 573
Triangular ligament of abdomen, 45 1, 1 1 19
of urethra, 464, 11 40;
interarticular
fibro-cartilage, 349
Triangularis sterni muscle, 442
menti
muscle, 397
Triceps extensor cruris, 514; extensor cubiti, 480; surse, footnote, 529
Tricuspid valves, 1021
Trifacial or trigeminus nerves, 782 surface
marking of, 794
surgical anatomy of,
;

;

;

;

;

;

of,

661 surface marking of, 661 lymphatic
glands, 704; nerve, anterior, 852; posveins,
terior, 850 recurrent artery, 659
;

disc of muscular fibre, 37
;
facial
artery, 567
vein, 669
fissure of brain,

984

;

;

;

794
Trigone of bladder, 1078
Trigonum, acustici, 776 habenulse, 759
hypoglossi, 776 vagi, 776
Tri-radiate sulcus, 738
Trochanter, greater, 273 lesser, 273
Trochanteric fossa, 273
Trochlea of humerus, 235 of femur, 275
Trochlear fossa, 150; nerve, 781
surgical
;

;

;

;

;

;

anatomy

781

of,

Trochoides, 308
Trolard, anastomotic vein of, 674
True ]Delvis, 267 ligaments of bladder,
1076 ribs, 215
Trunk, articulations of, 311; muscles of,
;

;

426
Tube, Eustachian, 908; Fallopian, 1108
Tuber, annulare, 734 cinereum, 749 ischii
263 omentale, 994
carotid or ChasTubercle, adductor, 275
of the clavicle, 222
saignac's, 122
of the femur,
deltoid, 222
conoid, 222
275; genital, 116; of hyoid bone, 209;
lachrymal, 172; laminated of cerebelhun,
of Lower, 1020; of navicular, 294;
771
of the
for odontoid ligaments,
143
quadratus, 274; of rib, 216; of Rolando,
of scaphoid, 249; of the tibia,
729, 731
of zj'goma, 152
281
of ulna, 238
Tubercles, genial, 183 mental, 183 of ribs,
216
Tubercula quadrigemina, 762
Tuberculum acusticum, 776 cuneatum, 729
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

of humerus, greater, 231
of tibia, 281
lesser, 233
Tuberosity, cuboid, 293 of ischium, 263
maxillary, 170; of the navicular bone,
294 of palate bone, 179 of radius, 243
of rib, 216

Tuberosities

;

;

;

;

;

;

;

;

INDEX

IlS2
1042

Tubes, bronchial,
lung, 1052

;

structure

of,

Ureters, 1069 miiscles of, 1078
vessels of, 1070
1071

in

;

development of, 116;
male,
bulbous portion of, 1081
caput
gallinaginis, 1080
membranous portion,
1081
prostatic portion, 1080
sinus of,
1080 rupture of, course taken by urine,
1 1 39;
sinus pocularis of, 1080; spongy
1080

Malpighian bodies

in

of

;

mo;

;

165

;

from internal

;

;

;

;

;

carotid,

;

;

cavity of,
of, 910
908 mucous membrane of, 910; muscles of, 910; nerves
veins of, 910
ossicula of, 908
of, 910
Tyson's glands, 1086
arteries

Utricle of vestibule, 914

;

Uvea, 885

;

Uvula

^

of throat, 934

vesicae,

;

;

no

;

155,905
of,

of,

;

;

;

;

development

;

;

;

membrane

i

;

inferior,

;

;

female,

;

;

;

;

from internal maxillary, 569
577
nerve, 803, 911; of facial, 798 plate, 153,

905

;

structure of, 108 1
sur1081
verumontanum,
loi

;

of,

;

;

Tympanum, 905

108 1

Urogenital sinus, 112
Uterine arteries, 636 plexus, 866 plexus
of veins, 691
Uterus, 1103 appendages of, 1108 arbor
vitse of, 1 106; broad ligaments of, 1105
cavity of, 1105; development of, 11 1;
ganglia of, 866 nerves of, 866 in foetus,
1 107
fundus, body, and cervix of, 1 104
ligaments of, 1 1 04 lymphatics of, 708
during menstruation, 1108; in old age,
1 108;
after parturition, 1108; during
pregnancy, 1108; at puberty,
1107;
round ligaments of, 1 1 1 2
shape, positions, dimensions, 1 103
structure of,
1 106;
vessels, 1107
nerves of, 1107
Uterus masculinus or utriculus hominis,
112, 114, 1080

middle, 165; crest, inferior, 178;
superior, 178
Tiirck, fasciculus of, 718
Tutamina oculi, 896
surgical anatomy of,
Twelfth nerve, 809
812
artery,

of,

anatomy

Urinary organs, 1060

180;

Tympanic

portion

1080

elastica externa,
1092
Euysof ovary,
cliiana, 884; vaginalis, 1092; vaginalis
propria, 1092; reflexa, 1092; vasculosa
testis, 1093
Tunica intima of arteries, 52 media, 52

adventitia, 53
Tunica vaginalis oculi, 879
Turbinated bone, superior,

;

;

gical

;

;

;

1062
vascular,

;

;

;

;

kidnej^ 1063
Tunica albuginea,
53; of eye, 393

of,

Urethra,

Tubular membrane of nerves, 43
Tubular secreting glands, 71
Tubular substance of kidney, 1062
Tubuli, dental, 927 of Ferrein, 1064 lactiseminiferi, 1093; uriniferi,
1 1 13;
feri,
Tuft,

nerves

;

;

of cerebellum, 770

;

;

1079

1102; columns of, 1003; lymof, 708
orifice of, 1099
Vaginal arteries, 636 plexus of nerves, 865
plexus of veins, 691
portal plexus, 1000
process of temporal, 153, 157 processes of
sphenoid, 160 synovial membranes, 306
Vagus nerve, 803 ganglion of root of, 805
of trunk of, 805
Valentin, ganglion of, 788
Vallecula Sylvii, 748
Valley (vallecula) of cerebellum, 768
Valsalva, sinuses of, 549, 1022, 1024
Valve of Bauhin, 983 coronary, 1020 of
cystic duct, 1003; Eustachian, 1020; of
gall-bladder, 1002; of Hasner, 900
ileocaecal, 983
of Kerkring, 976
mitral,
1024; of Vieussens, 775
Valves in right auricle, 1020
semilunar
aortic, 1024; pulmonic, 1022; tricuspid,
102 1
of lymphatics, 57; of veins, 56
Valvulee conniventes, 976
Vas deferens, 1094
structure of, 1095
aberrans, 1095

Vagina,

phatics

Ulna, 238 articulations of, 242 coronoid.
olecranon process of,
process of, 238
development of, 242 fractvure of
238
of olecranon,
coronoid process of, 246
muscles attached to,
of shaft, 505
505
styloid
sigmoid cavities of, 238
242
surface fonn of, 242
process of, 242
tubercle of,
surgical anatomy of, 245
238
Ulnar artery, 613 branches of, 614 pecusurgical anatomy of,
liarities of, 613;
614; surface marking of, 614 Ij'mphatic
nerve, 828
surgical anaglands, 702
tomy of, 832 artery recurrent, anterior,
614; posterior, 614; vein, anterior, 680
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

posterior, 680
Umbilical arteries in foetus, 88, 104, 634,
1028 how obliterated, 1031 ; cord, 88
region, contents
fissure of liver, 996
of, 948; vein, 106; vesicle, 81
;

;

;

Umbilicus, 82, 456
Unciform bone, 252; process of, 253;
process of ethmoid, 165
Uncinate lobe, 744 fasciculus, 764
Uncus, 744
Ungual phalanges, 257
Unstriped muscle, 39
Upper extremity, arteries of, 585 bones of,
22 1
fascia of, 467
ligaments of, 334
lymphatics of, 702
muscles of, 467
nerves of, 820 surgical anatomy of, 503
veins of, 679 surface form of muscles of,
;

;

;

;

;

;

;

;

;

501

Urachus,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Vasa aberrantia, from brachial
afferentia

1074

;

;

brevia arteries, 625 veins, 693 efferentia of testis, 1094
of lymphatic glands,
698 vasorum of arteries, 53 of veins, 57
626
recta,
intestini tenuis
arteries,
;

;

;

;

;

;

;

1094
Vascular area of blastodermic membrane,
82, 103

Vascular system, general anatoixiy of, 5 1
changes in, at birth, 103 1 peculiarities
in foetus, 1028
capsule of lens, 99
Vaso-motor nerves, 46
;

;

;

86, 112,

artery, 606
glands, 698

lymphatic

of

.

; ;

INDEX
Vastus exteriius miiscle, 514
crureus, 514
Vater, corpuscles

Veins, General
moses of, 666

internus and

;

external, 689

of,

48 [footnote]

Anatomy
coats

;

;

of,

;

;

of,

;

;

;

cystic, 695
of corpus striatum, 674
dental indeep, or vense comites, 667
of
ferior, 670
digital of hand, 680
diploe, 673 dorsi-spinal, 686 of penis,
dorsalis nasi, 669 ; pedis, 688
691
epigastric, deep, 690; superficial, 688 of
eyeball, 894
emissary, 678 surgical
;

;

;

;

;

;

;

;

of,

679

of

;

;

Galen,

;

;

;

;

.693
iliac,

common, 691

external, 690 interilio-lumbar, 691; inferior

690;

nal,

;

;

innominate, 683; interinterlobular, of
costal, superior, 684
kidney, 1067 of liver, 1000; intralobular of liver, 1000; interosseous of forearm, 682
exjugular anterior, 671
external, 670
ternal posterior, 671, internal, 671
of kidney, 1067
labial inferior, 669 superior, 669
larynlateral sacral, 691
lingual,
geal, 684
longitudinal inof liver, 998
672
ferior, 676 lumbar, 692 ascending, 692
mammary internal, 684 masseteric,
669 mastoid, 670 maxillary internal,
basilic,
670 median cutaneous, 68 1
cephalic, 681
meduUi-spinal,
681
meningeal, 670 meningo-rachi687
mesenteric inferior, 693
dian, 686
superior, 693
nasal, 668
oblique cardiac, 696
obturator, 690
occipital, 670 oesophageal, 685; ophthalmic, 677
inferior, 677
ovarian,
692
palatine, inferior, 669 palmar, deep, 682
palpebral, inferior, 669, superior, 669
pancreatic, 693
pancreatico-duodenal,
693 parotid, 669 peroneal, 689 pharyngeal, 67 1
phrenic, 693
plantar.
cava,

691

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

uterine, 691
692, 1091
vesico-prostatic, 690
;

vaginal, 691

;

Velum pendulum palati, 934

;

interpositum,

;

758

femoral, 689 frontal, 668
gastric, 694
gastro674
epiploic, 693
gluteal, 690
h8emorrhoidal,690 of head, 667; hepatic,

669

facial,

;

;

;

;

anatomy

;

;

690 superficial, 688 condyloid
of corpora caverposterior, 672, 676
nosa, 1087 of corpus spongiosum, 691

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

iliac,

;

:

;

;

;

;

;

;

;

:

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

right, 685
upper, 685
basilic, 681
basi-vertebral, 687 of bone,
26; brachial, 682; brachio-cephalic
bronchial, 686
or innominate, 683
buccal, 670
left, 695,
cardiac, 695
anterior, 695
right, 695 posterior, 695 cardinal, 107
cava superior, 684 inferior, 691 cecerebellar, 674; cerebral,
phalic, 681
deep,
cervical, ascending, 672
673
672 choroid of brain, 674 circumflex,
;

;

;

;

left

;

;

;

669 angular, 669
articular of knee, 689; auditory, 918
auricular anterior, 669 posterior, 670
axillary, 682 azygos, left lower, 685
nasi,

of alae

;

;

;

;

Veins or Vein, DescrijMve Anatomy

;

;

;

;

internal, 689
popliteal,
689; portal, 666, 695, 1000; profunda
femoris, 690
pterygoid plexus, 670
piidic external, 688 internal, 690
pulmonary, 667
radial, 681
ranine, 669, 672
renal, 693,
1067
sacral, middle, 691
lateral, 691
salvatella, 680
saphenous external, or short,
689 internal, or long, 688, 1 1 28 sciatic,
690 spermatic, 692 spheno-palatine,
672 spinal, 686 splenic, 693 stylomastoid, 670
subclavian, 682
sublobular, 998, 1000; submaxillary, 669
submental, 669 superficial, 666 supraorbital, 668
supra-renal, 693
suprascapular, 671 sural, 689 systemic, 667
temporal, 669
middle, 669 temporomaxillary, 670 thyroid inferior, 684
middle, 672
superior, 672
tibial anterior, 689
posterior, 689
transverse
cervical, 671
facial,
Trolard,
669
great anastomic of, 674
ulnar anterior, 680 common, 681 dee^J,
682; posterior, 680; umbilical, 1029
vaginal of liver, 1000; vasa brevia, 693;
vertebral, 672 Vidian, 672
Veins, plexuses of, ovarian, 692, 1 1 12 pampiniforixi,
11 12;
692,
1091,
pharyngeal, 672
pterj^goid, 670
spermatic,
;

;

;

18.3

Veins or Vein {continued)

anastoof, 55
development
55
muscular tissue of, 56 plexuses
of, 105
striTcture of,
of, 666
size, form, &c. 666
56 valves of, 56 vessels and nerves of, 57

666

1

;

;

Vena

cava, superior, 684
inferior, 691
peculiarities of, 692
foetal, 107
Venae basic vertebrae, 121; comites, 667;
hepaticse revehentes, 106
advehentes,
106; salvatella, 680; Thebesii, or ininimae cordis, 696, 1020; vorticosae, 884;
interlobulares of kidney, 1067
rectse of
;

;

;

;

;

kidney, 1067
Venesection, 681

Venter of ilium, 262 of scapula, 225
Ventricle of Arantius, 730, 774
Ventricles of brain, third, 759 fourth, 774
;

;

lining

membrane

;

776; fifth, 757;
lateral, 752
of cerebellum, 774
of corpus callosum, 751; of heart, left, 1024,
right, 1020; of larynx, 1037
Vermicular motion, 40
Vermiform process of cerebellum, inferior,
770, superior, 769
Vernix caseosa, 100
Vertebra prominens, 125 development of,
of,

;

;

;

131
development
Vertebrae, 120; cervical, 121
of, 129; dorsal, 125; general characters,
;

ligaments

120;

of,

lumbar, 127;

311;

structure of, 129
Vertebral aponeurosis, 432; artery, 591;
column, 137 surface form of, 139 articulation of, 311; ossification of, 129;
ligaments, 311; region, muscles of, ansacral, 131

;

;

;

terior,

Vertex

423

;

lateral,

424

;

vein,

684

of skull, 189

Vertical plate of palate bone, 178
Verumontanuni, 1080
middle, 635
Vesicle artery, inferior, 635
plexus of nerves, 865
superior, 635
;

;

;

9

1

5

INDEX

ii84

gercerebral, 93
auditory, 99
'j'^
ocular, 97
of Purkinje, 73
umbilical, 81
Vesicles, Graafian,
Vesico-prostatic plexus of veins, 690
Vesico-iiterine ligaments, 1104

Vesicle,

;

minal,

;

;

;

;

mo

Vesicula prostatica, 1080
vessels and
Vesiculse seminales, 1095
surgical anatomy of,
nerves of, 1096
1097
column of
Vesicular nervous matter, 41
anterior cornu of spine, 722
Vestibular artery, 918 nerve, 802, 918
aqueof nose, 877
Vestibule of ear, 911
duct of, 156, 912
Vestigial fold of pericardium, 684
Vibrissse, 874
Vidian artery, 571 canal, 161 nerve, 789
Vieussens, valve of, 772
Villi, 977
;

;

;

;

;

;

Weight of organs. See Individual Organs
"Wharton's duct, 937

White fibrous tissue, 1
White substance of cord, 718
of Schwann, 42
Willis, circle of, 583, 594
Winslow, foramen of, 958, 963

nervous, 41

;

;

ligament

;

of,

364

Wisdom

tooth, 925
Wolffian body, in
Womb. See Uterus

Wormian

bones, 167

Wrisberg, cartilages of, 1034; ganglion of,
862 nerve of, 826
Wrist-joint, 350; surface form of, 257, 352
surgical anatomy of, 352
Wry-neck, 409
;

;

;

;

Viscera, position of, in abdominal regions,
947 pelvic, position of, at outlet of pelvis,

Xiphoid appendix, 213

;

142
Visceral arches
1

Vitelline

92

(foetal),

membrane, 73

;

spheres, 74

;

circu-

lation, 10
Vitellus, 73

;

Vitreous humour of the eye, 892
the skull, 1 1
Vocal cords, inferior or true, 1037
or false, 1037
Voice, organs of, 1032
Voluntary muscles, 36

Vomer,

181

Y-hgament, 359
Y-shaped centre of acetabulum, 266
Yellow elastic fibrous tissue, 16 cartilage,

;

alae of,

181

;

;

table of

24
Yellow spot of retina, 887
Yolk, 73
cleavage of, 74
;

;

superior

Yolk

sac, 8r

Zinn, ligament

articulations

of,

182; development of, 182
Vortex of heart, 1026
Vulva, 1099; development of, 116

of, 393
Zona, arcuata, 916 fasciculata, 1072; glomerulosa, 1072 reticularis, 1072 vascu;

;

losa,

nil;

Zygoma,

;

pellucida, 73
radiata, 73
151; roots of, 152; tubercle
;

of,

152

Zygomatic arch, 197;

Wagner,

tactile corpuscles of,

Watney on

the structure of

48
villi,

978

of

thymus, 1059

397

PRIXTED BY

SPOTTISWOODE AND

fossae,

197; lympha-

glands, 699; process of malar, 176
Zygomaticus, major muscle, 397, minor,
tic
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