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PREFACE

THE EIGrHTH EDITION.

rriHE only changes made in this Edition have been such altera-

tions in the sections on Microscopical Anatomy and on Develop-

ment as the ever-increasing activity of research in those branches of

the science has seemed to require. Some illustrations which ap-

peared necessary for the further elucidation of the text have been

borrowed, with permission, from well-known text-books, such as

Erey's ' Histology,' Strieker's ' Handbook,' and Quain's ' Anatomy.'





PEEFACE

THE FIRST EDITION.

THIS WORK is intended to furnisli the Student and Practitioner with

an accurate view of the Anatomy of the Human Body, and more

especially the application of this Science to Practical Surgery.

One of the chief objects of the Author has been, to induce the Student

to apply his anatomical knowledge to the more practical points in Surgery,

by introducing, in small type, under each subdivision of the work, such

observations as show the necessity of an accurate knowledge of the part

under examination.

Osteology. Much time and care have been devoted to this part of the

work, the basis of anatomical knowledge. It contains a concise descrip-

tion of the anatomy of the bones, illustrated by numerous accurately-

lettered engravings showing the various markings and processes on each

bone. The attachments of each muscle are shown in dotted lines (after

the plan recently adopted by Mr. Holden), copied from recent dissections.

The articulations of each bone are shown on a new plan ; and a method

has been adopted, by which the hitherto complicated account of the

development of the bones is made more simple.

The Articulations. In this section, the various structures forming the

joint are described ; a classification of the joints is given ; and the

anatomy of each carefully described : abundantly illustrated by engrav-

ings, all of which are taken from, or corrected by, recent dissections.

The Muscles and Fasciw. In this section, the muscles are described in

groups, as in ordinary anatomical works. A series of illustrations, show-

ing the lines of incision necessary in the dissection of the muscles in each

region, are introduced, and the muscles are shown in fifty-eight engravings.

The Surgical Anatomy of the muscles in connection with fractures, of the

tendons or muscles divided in operations, is also described and illustrated.

The Arteries. The course, relations, and Surgical Anatomy of each

artery are described in this section, together with the anatomy of the
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regions containing the artei-ies more especially involved in surgical opera-

tions. This part of the work is illustrated by twenty-eight engravings.

The Veins are described as in ordinary anatomical works ; and illus-

trated by a series of engravings, showing those in each region. The

veins of the spine are described and illustrated from the well-known work

of Breschet.

The Lymphatics are described, and figured in a series of illustrations

copied from the elaborate work of Mascagni.

The Nervous System and Organs of Sense. A concise and accurate de-

scription of this important part of anatomy has been given, illustrated by

sixty-six engravings, showing the spinal cord and its membranes ; the

anatomy of the brain, in a series of sectional views ; the origin, course,

and distribution of the cranial, spinal, and sympathetic nerves ; and the

anatomy of the organs of sense.

The Viscera. A detailed description of this essential part of anatomy

lias been given, illustrated by fifty-five large, accurately-lettered en-

gravings.

Regional Anatomy. The anatomy of the perinseum, of the ischio-rectal

region, and of femoral and inguinal hernige, is described at the end of the

work : the region of the neck, the axilla, the bend of the elbow, Scarpa's

triangle, and the popliteal space, in the section on the arteries ; the

laryngo-tracheal region, with the anatomy of the trachea and larynx.

The regions are illustrated by many engravings.

Microscopical Anatomy. A brief account of the microscopical anatomy

of some of the tissues, and of the various organs, has also been introduced.

The Author gratefuU}^ acknowledges the great services he has derived

in the execution of this work, from the assistance of his friend. Dr. H. V.

Carter, late Demonstrator of Anatomy at St. George's Hospital. All the

drawings from which the engravings were made, were executed by him.

In the majority of cases, they have been copied from, or corrected by,

recent dissections made jointly by the Author and Dr. Carter.

The Author has also to thank his fi'iend, Mr. T. Holmes, for the able

assistance afforded him in correcting the proof-sheets in their passage

through the press.

The engravings have been executed by Messrs. Butterwoi-th and Heath

;

and the Axithor cannot omit thanking these gentlemen for the great care

and fidelity displayed in their execution.

WiiTON Steeei, Belgeave Sqttake:

August 185S.
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INTEODUCTION.

GENERAL ANATOMY.

THE fluids of the body, wliieli are intended for its nutrition, are the

lympli, the chyle, and the blood. There are other fluids also which

partially subserve the same purpose, as the saliva, the gastric juice, the

bile, the intestinal secretion ; and others which are purely excrementitious,

as the ui-ine. All these fluids form a part of the bulk of the body under

ordinary circumstances. But there 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 purpose 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 is a fluid holding a large number of minute cells or corpuscles

in suspension. Its general physical characters are so well known that we
need merely say that it is of a dark red or purple colour in the veins, and

of a bright red or scai-let in the arteries ; that it is viscid, drying rapidly,

and with a clammy feeling ; salt to the taste, slightly alkaline, and with

a specific gravity of about 1055.

General Composition of the Blood.—On standing, blood, binder ordinary

circumstances, soon separates into two parts—a fluid called the 'serwm,'

and a clot or ' coacjulum.' The latter is not merely the cells or blood-

corpuscles spoken of above as held in suspension, and which have subsided

out of the fluid, but consists besides of fibrin which has been held in

solution in the fluid blood, and which in its solidification has enclosed

and implicated the blood-corpuscles as they subside.

The blood is thus seen to consist naturally of two parts, the plasma, or

liquor sanguinis, a fluid rich in fibrin, and the blood-cells, or blood-

corpuscles ; and when drawn from the body, of two parts composed dif-

ferently to the above,—viz. the clot, which comprises the blood-corpuscles

and the fibrin of the plasma ; and the serum, which consists of the

remainder of the plasma.

The blood-corpuscles, blood-discs, or blood-globules, as they are more com-

monly called, are of two kinds, the red and the white. The red globules

are far the more numerous, and are those which are always intended when
the expression blood-discs or blood-globules is used without any other

qualification. They are said to be in man about three or four hundred

times as numerous as the white (Harley) ; by others only fifty times as
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Fig. I.—Human Uood-glo-

biiles ; ft, seen from the

surface ; h, from the

side ; c, united in rou-

leaux ; d, rendered sphe-

rical by water ; e, de-

colourised hj the same
;

/, blood-globules shrunk
by evaporation.

numerous (Todd and Bowman).* They differ very much in size and shape

in different animals. In man their size varies considerably, even in the

same drop of blood, between the limits of ^o'^o^ and -^-i-^ of an inch in

diameter, the average being about yjVo (Todd and

Bowman). They are circular discs, bi-concave in

profile, having a slight central depression, with a

raised border (as seen in Fig. I. h). Their colour

appears of a faint yellow when they are seen

singly, but it is to their aggregation that the

blood owes its red hue. Human blood-discs pre-

sent no trace of a nucleus. They consist of a

tough elastic transparent stroma uniformly per-

vaded by a colouring matter called hcemoglohin.

When the blood is circulating, under the micro-

scope, in one of the lower animals, the blood-

globules are seen to be separate from each other,

and are also separated from the wall of the vessel

by an interval or ' lumen.' Doubtless 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 like rouleaux of coin (Fig. I. c). Their

shape is very soon influenced by the medium in which they are placed, and

by the specific gravity of that medium. In water they swell up, lose

their colour, and cease to be visible, leaving the white corpuscles in the

field. Solutions of salt or sugar, denser than the serum, give them a

stellate appearance; and the usual shape may be restored by diluting

the solution to the proper point. A solution of the proper strength merely

separates the blood-globules mechanically, without changing their shape.

There can be no doubt that the difference in colour between arterial

and venous blood must be due to some minute difference in the red blood-

globules ; and it is also in the highest degree probable that the chemical

differences between these two kinds of blood are due, in part at least, to

such differences ; but the ' change has not hitherto been rendered per-

ceptible either to the microscope or to chemical analysis. At the same

time, the researches of Professor Stokes f show that the colouring matter

of the blood produces different effects on the solar spectrum, according as

it is in a more or less oxidised condition ; and it is in the highest degree

probable that the same change in the oxidation of the contents of

the blood-globules produces the difference of colour between arterial and

venous blood.

The human white corpuscles are rather larger than the red, and have

an irregular or granular surface. A nucleus becomes perceptible on the

addition of acetic acid. They are very similar to, if not identical with,

the corpuscles of the lymph and chyle, though somewhat more acted upon

* Hirt puts the proportion as low as I : 1761 during fasting, and i : 695 or i :429 after food

(KoUiker). Veneesection, by withdrawing so much larger a proportion of the red globules,

and also by favouring the absorption of lymphatic fluid into the blood, much increases the

relative proportion of the white corpuscles, so that KciUiker asserts that in the horse, after

enormous vensesection (up to 50 lbs.) the coloured and colourless corpuscles appear equally

numerous.

t Proceedings of .Boyal Society, 1 864.
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by acetic acid than the latter. Their proportion appears to vary con-

siderably 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 colourless corpuscles

bear a strong resemblance also to the cells found in pus. It is well known

Fig. II.

—

a, white corpuscles of human blood ; d, red corpuscles. High power.

that these colourless corpuscles have the remarkable properties of loco-

motion and of ' amoeboid ' changes, so that, examined during life, they may
show various shapes.

Fig. III.—Human colourless Mood-corpuscle, showing its successive changes of outline within

ten minutes when kept moist on a warm stage (Schofield).

From the fact that cells exactly like the colourless corpuscles are being

constantly furnished to the blood by the ducts of the lymphatic glands,

the chyle-ducts (and even the liver in the foetus), and also from their

varying proportion in different parts of the circulation, and in different

pathological conditions, the colourless corpuscles are usually regarded,

—with, at any rate, considerable probability,—as an earlier stage of the

coloured blood-discs.

Fat-granules are seen in the blood of the lower animals, and occasionally

in the blood of pregnant women ; also, according to KoUiker, in other

persons after the abundant use of milk or brandy, as well as in those who

are fasting ; which he attributes, in the latter case, to the absorption of

the fat of the body. But, under ordinary circumstances, the granular

base of the chyle, poured into the blood, through the veins at the root of

the neck, disappears as the blood passes through the lungs.

Gases of the Blood.—A given quantity of blood contains rather less

than half the same volume of gases. These are carbonic acid, oxygen,

and nitrogen. The relative quantity is roughly stated thus :—Carbonic

acid about two-thirds of the whole quantity of gas, oxygen rather less

than one-third, nitrogen below one-tenth (Huxley).* The nitrogen is

unimportant. It (or at least the greater part of it) is merely absorbed

from the atmosphere xinder the pressure to which the blood is exposed,

* The quantity of gases contained varies, of com-se, with a great number of different con-

ditions, and especially according as the blood is arterial or venous. Hermann states that the

proportion of oxygen varies from i6'9 vols, per cent, in arterial to 5 '9 per cent, in venous

blood, that arterial blood contains on an average about 30 vols, per cent., and venous about

35 per cent., of carbonic acid ; and this author places the proportion of nitrogen as low as

from I to 2 vols, per cent.
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and can therefore be meclianicallj removed, as can also a part of the

oxygen and carbonic acid ; but the greater part of the oxygen is in loose

chemical combination with the haemoglobin of the blood-corpuscles, and
the greater part of the carbonic acid seems to be in stable chemical com-
bination with the salts of the serum, though a certain proportion is also

combined loosely with the blood-globules.

The experiments by which these facts are proved will be found in the

physiological treatises.

The fluid part of the blood, the liquor sanguinis, or plasma, is again

composed of a permanently fluid portion—the serum—and of fibrin, which

coagulates spontaneously when out of the body, but which is held in

solution during life. The fibrin can be separated from blood after it

has been drawn by whipping it with twigs, to which the fibrin as it

coagulates adheres. The fibrin does not exist as such in the blood, but is

formed during coagulation by the union of two substances (fibrino-plastin

and fibrinogen) which exist separate in the blood. For the experiments

which prove this fact and for the account of the substances themselves, as

well as the properties of the blood and the phenomena of its coagulation,

I must again refer to the treatises on Physiology. The liquor sanguinis

may be obtained free from the red corpuscles by filtration in animals

whose blood-globules are suf&ciently large, or in mammalia by exposing

the blood to a freezing temperature till the corpuscles have subsided.

By this process, or by removing a portion of the clear liquor which is

found above the buffy coat of inflammatory blood just after the latter has

formed, the plasma may be obtained, and will then separate by coagulation

into a colourless clot of fibrin and a saline fluid. The fibrin-clot consists

of interlacing structureless strings, which contain in their meshes some

white corpuscles accidentally enclosed in them.

The fluid left after the coagulation of the fibrin, which is the serum of

the blood properly so called, is yellowish, and contains so much albumen

that it solidifies almost completely on being heated. It is alkaline from

the presence of free soda and carbonate of soda. The chemical composition

of the blood is complex, as might be anticipated of a fluid from which all

the vai'ious tissues of the body are to be formed ; and it must of course

vary in various parts of the circulation. The following seems to be as

accurate an analj^sis as possible. It is quoted in Carpenter's ' Physiology,'

by Power, from M. Gorrup-Bezanez, who pi'ocured two samples of the

same person's blood, and had them analysed by himself and three other

competent chemists. The separate analyses are given, but the variations

are too slight to be worth quoting. The following were M. Gorrup-

Bezanez's results :

—

1st Spec. 2nd Spec.

Wate:? 795-93 783-63

Solid matters . . .' . . . . 203-07 216-37

Fibrin . . . . . . . . 1-95 1-56

Corpuscles 103-23 115-12

Albumen 70'75 63-74

Extractive matters and salts .... 27-14 36-9S

The crystals which form in the blood under certain circumstances and

when treated by certain reagents ought to be described, in consequence of
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their importance as a means of distinguishing human from other kinds

of blood. They are of three kinds :— i. Hsematin crystals, found in normal

blood, particularly in the spleen. These are procured by the addition of a

little water, or by agitating the blood with ether, by either of which means

the blood-corpuscles are ruptured, and their contents crj^stallise on evapo-

ration. 2. Hasmatoidin crystals, found in old clots. 3. Hsemin crystals,

formed by mixing dried blood with an equal quantity of common salt and

Fig. rV.—Blood-crystals. A, trihedral crystals from blood of guinea-pig'. B, pentagonal

crystals from blood of squirrel. 0, octahedral crystals from blood of rat and niouse.

D, hasmatin crystals from human blood. E, hsematoidin crystals from an old apoplectic

clot. F, hsemiu crystals from blood treated with acetic acid.

L \ ,

L\

boiling it with a few drops of glacial acetic acid till the whole has dissolved.

A. drop of the mixture placed on the slide will show the crystals on coolino-.

Fig. IV. shows these three forms of crystals from human blood,

together with some from the lower animals, for comparison.

The importance of being acquainted with the crystals found in human
blood is obvious, and more particularly those which can be obtained from
dried blood ; since in this way old blood-stains can be recognised as being
human or otherwise, even long after their formation. The spectrum
analysis, however, is said to be a more delicate test of fresh blood.

LYMPH AND CHYLE.

The lymph and the chyle are almost identical in constitution, though
the proportion of their constituents varies in different parts of the vascular
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system. The lymph is the secretion of a system of vessels and glands,

to be more fully described in the sequel, which takes up from the worn-

out tissues that which is still available for purposes of nutrition and returns

it into the veins close to the heart, there to be mixed with the mass of the

blood. The chyle is a fluid secreted by the villi of the small intestines

from the food. It is intermingled with the lymph, and is poured into

the cii-culation through the same channels.* See the description of the

Thoracic Duct, Lacteals, and Ductus Lymphaticus dexter, in the body of

the work.

On microscopical examination, chyle displays besides the lymph-coi'-

pnscles a large number of fatty granules, ' the granular base of the chyle '

(Fig. V. a), oil globules, free nuclei, and a few red blood-globules. The

white colour of the chyle is due to the abun-

dance of the molecular base. These mole- Fig. V.—Chyle from the lacteals.

cnles are almost or entirely absent in lymph.

In other respects lymph and chyle are @ (S^ ® ^
indistinguishable by microscopic examina- yi @i

^^
tion, but in external appearance they are ^ ^ /^^ /sa

®
TO? J. -^ P«/ ®

very dinerent. ^-—5^

Chyle is a milk-white fluid, which V^ © ®
coagulates spontaneously, and then on "") ^ ^
standing separates more or less completely ' .^ ,°-

into a clear part, the liquor chyli, which is
SSN^^rPN

identical with the liquor sanguinis, and a J '^ - ^
^

thinnish jelly-like clot, consisting of fibrin - , ^^ <

"°

in which chyle-corpuscles and the fatty

molecules are entangled. Its analysis, as given by Dr. G. 0. Eeesf

from the chyle of a criminal examined shortly after his execution, and

in whom the thoracic duct was found distended with chyle, is as

follows :

—

Water 90-48

Albumen, with traces of fibrinous matter 7'o8

Aqueous extractive ; . . . . . . . . '56

Alcoholic extractive or osmazome -52

Alkaline chloride, carbonate and sulphate, with traces of alkaline

phosphate and oxide of iron -44

Fatty matters '92

10000

Lymph, as its name implies, is a watery fluid. In the lymph the

molecular base is absent, and the lymph-corpuscles are very few in

number, and indeed are said by KoUiker to be absent in the smaller

vessels. According to the same author, the size of the lymph-globules

increases as the fluid ascends higher in the course of the circulation. In

this view the lymph is at first. a mere albuminous fluid, and the chyle at

first a mere albumino-fatty fluid, the cells in both being produced during

the passage of the fluid through the glands (lymphatic or mesenteric, as

the case may be), and being further elaborated, and even new cells pro-

* It may not be amiss to remind the student that the lacteal or chyliferous vessels only

convey a portion of the nutritious matter from the food, and this only dming digestion. At
other times they seem to act precisely as ordinary lymphatics.

t Phil. Trans. 1842, p. 82.
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duced by the division of the old ones, in the course of the circulation.

The presence of mature blood-globules in the lymph or in the chyle is

regarded by most authors as accidental

—

i.e. produced by the manipula-

tions of the dissector ; but Dr. M. Foster says that the pink colour seen on

the surface of clotted chyle, even when no blood is mixed with it, is due

to immature red corpuscles proper to the chyle.

The lymph-corpuscles, as seen in the ahove figure, are in all essential

respects the same in the chyle, the lymph, and the blood, where they have

been described above as the colourless blood-corpuscles. In the chyle and
lymph, however, they vary very much in size. In some cases several

younger cells are found enclosed in the original corpuscles.

CELLS AND PROTOPLASM.

All the solid tissues of the body are originally developed out of cells,

containing a matter now usually styled protoplasm, and many such cells

persist in mature structures. In the higher organisms all such cells are

nucleated—i.e. they contain in their interior a smaller cell or nucleus,

which frequently presents in its centre a nucleolus. The protoplasm is

situated around the nucleus, and is usually enclosed in a limiting mem-
brane or cell-wall. Protoplasm (sarcode, blastema, germinal matter, or

bioplasm) is usually granular, sometimes hyaline, is indistingiiishable in

its chemical relations from albumen, of a semi-fluid, viscid consistence,

and distinguished by its vital properties of amoeboid motion (of which

ciliary movement may be taken to be a variety), nutrition—that is, the

power of attracting to itself the materials of growth from the surrounding

matter—and reproduction, by means of which fresh cells are produced

either by segmentation or budding. These processes commence in the

nucleus, which is a special collection of protoplasm marked off by a

definite outline from the rest of the cell, and distinguished from it by

resisting the action of acids and alkalis which destroy or render invisible

the body of the cell, and by imbibing the stain of carmine, hasmatoxyline,

&c. In the reproduction of cells by segmentation the nucleus splits ; in

that by germination it sends off a process ; and thus new nuclei are i3ro-

duced which are surrounded by their own cell substance, and gradually

detach themselves from the parent cell. The most remarkable property

of cells is that of growth, development, or differentiation, by means of

which the most various solid tissues, or even fluids containing cells, are

developed out of cells originally to all appearance identical.

The death of cells is accomplished either by their mechanical detach-

ment from the surface, preceded possibly by their bursting and discharging

their contents, or by various forms of degeneration, fatty, pigmentary, or

calcareous.

Cells are held together either by anastomosis of their processes, by
intercellular substance semi-fluid, hyaline, or of various higher forms

which are, in fact, metamorphosed cells, or by direct contact of their

walls.*

* The above is abbreviated from the admirably clear description in Kirkes's ' Physiology

'

by Morrant Baker.
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CELLULAE AND FIBROUS TISSUE.

The cellular or areolar tissue is so called because its meslies are easily

distended, and thus separated into cells or spaces which all open freely

into each other, and are consequently easily blown up with air, or per-

meated by fluid, when injected into any part of the tissue. Such spaces,

however, do 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 old term ' the cellular mem-
brane ' is in manjr parts of the body more appropriate than its more

modern equivalents. The chief use of the cellular 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 is consequently often denomi-

nated connective tissue, and this terra is still more appropriate to the

fibrous tissue which forms the bond of connection between the intimate

elements of solid organs ; in which moi'e i-esti'icted sense the term is often

used in modern works. The areolar tissue consists essentially of two

forms of fibrous tissue, the ivJiite and yellow, intermixed in varying pro-

portions, together with a great quantity of capillary vessels, nerves, and

lymphatics, and in most situations it contains fat. The cellular tissue is

continuous over the whole body; so that fluid, and especially air, when
injected forcibly into it—as from a wound of the lung or bowel—may be

diffused into the remotest parts.

The white fibrous tissue (Fig. VI.) consists of bundles of wavy fibres,

interlacing with each othei", each composed of minute filaments, or fihrillce,

Fig. VI.—White fibrous tissue. High po-wer.

which appear homogeneous, and measure from

in diameter.

to of an inchiOOOO " 20000
The larger fibres have no definite size, but are supposed

to be solid masses formed bj' an agglutination, as it were, of the ultimate

fibrillse. Acted upon by acetic acid, the white fibrous tissue swells up into

an indistinct uniform mass, which gradually becomes indistinguishable ;

and in the areolar tissue, when thus treated, the yellow elastic element

comes alone into view.

The yellow elastic jihrous tissue (Fig. VII.) is an aggregation of fibres,

which are considerably larger in size than the fibrillse of the white fibrous

element, varying from -^xoo'-o to 4-5V0 ^^ ^^ inch in diameter (Harley).
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The fibres branch and anastomose freely with one another. They are

homoo'eneous in appearance, with dark borders, and are usually seen

curled up at their broken ends. They remain unaltered by acetic acid.

Each of these elements of the connective tissue is developed from cells.

KoUiker describes the yellow elastic fibres as developed from the stellate

branching corpuscles, which may sometimes be found free in the areolar

tissue, and which Virchow has denominated ' connective-tissue-corpuscles '

(Fig. VIII.) ; while the white fibrous tissue is formed from the coalescence

of fusiform cells, which elongate into fibrillte as shown by Fig. IX.

Fig. VII.—Yellow elastic tissue. Higli power. Fig'. VIII.—Stel-

late formative

cells of fine

elastic fibres,

from the Ten-
do-AcMllis of

a new - born
child. Magni-
fied 350 times.

Fig. IX.— Forma-
tive cells of areolar

tissue from sheep's

embryo. Magni-
fied 350 times; a,

cell without any
indication of fi-

brils ; h, with com-
mencing, and c,

with distinct fi-

brils.

The two tissues just described are very widely distributed in the body,

especially the white fibrous tissue. This latter forms nearly the whole of

all the firm investing membranes; viz. the muscular fasciae, the periosteum,

the investments of the various glands (such as the tunica albuginea testis,

the capsule of the kidney, &c.), the investing sheath of the nerves (neuri-

lemma), and of various organs, as the penis and the eye (sheath of the

corpora cavernosa and spongiosum, sclerotic and choroid). Into all these

parts, however, the elastic tissue enters in greater or less proportion. The
tendons and most of the ligaments are also formed almost entirely of the

white fibrous tissue, but with some elastic fibres intermixed. The basis

of the serous and mucous membranes is formed of connective tissue,

disposed in a layer. The common subcutaneous cellular or cellulo-adipose

tissue has been taken above as the typical form from which to describe

connective tissue. Connective tissue also enters largely into the formation

of the blood-vessels, glands, and, in fact, almost every organ in the body.
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The organs which are formed almost exclusively of the yellow elastic

tissue are the ligamenta subflava of the vertebrae, the elastic ligaments of

the larynx, the longitudinal elastic fibres of the trachea, the elastic layer of

the middle coat of the arteries, and in qviadrupeds the ligamentum nuchse.

Free cells are found in the areolar tissue, as indicated above. The
chief fox'ms are the spindle-shaped and the stellate, but numerous inter-

mediate forms are described by recent observers ; and of late much interest

has been excited by v. Eecklingshausen's discovery in the cellular tissue

of cold-blooded animals of ' wandering cells,' or cells endowed with the

power of automatic motion, and of changing their shape. These cells

appear identical with the white globules of the blood ; and it would seem

from the researches of Strieker, Cohnheim, and others, that the walls of

the capillary vessels are permeable to the latter bodies, which are thus

allowed to escape into the cellular tissue, there to undergo development,

normally into the natural cells a,nd cellular tissue, or abnormally into

the corpuscular forms of lymph and pus, according to circumstances.'^'

Treated with nitrate of silver, the cellular tissue is seen to consist of

spaces formed by the. fibres, united together by a homogeneous cement or

' ground substance,' and filled by the cellular elements, which contain the

protoplasm out of which the whole is developed and regenerated.

Two special kinds of cellular tissue must be described—the mucoid,

and the lymphoid or retiform. The mucoid or gelatinous tissue exists

chiefly in the ' jelly of Wharton,' which forms the bulk of the umbilical

cord, and in some other tissues of the foetus ; but in the adult body also

the vitreous humour of the eye is formed of gelatinous cellular tissue. This

tissue is formed of rounded nucleated cells separated by a transparent

jelly-like substance which in the umbilical cord shows traces of fibrillation.

Retiform, adenoid, or lymphoid connective tissue is found extensively

in many parts of the body, often surrounding the minute blood-vessels,

and forming the commencement of lymphatic channels. It is formed of

an interlacement of very fine fibres, at the nodal points of which stellate

cells are situated. The interstices of the fibres are filled with the rounded

granular corpuscles of the lymph. The neuroglia, or fine gelatinous con-

nective tissue which supports the nervous elements in the cerebro-spinal

axis and in the retina, is regarded as a modified form of the retiform

connective tissue.

ADIPOSE TISSUE.

The common cellular membrane contains a variable quantity of adipose

tissue. This tissue is found also in various parts of the viscera—as the

mesentery, the surface of the heart, &c.—and fat enters largely into the

formation of the marrow of the bones. There is, however, a difi^erence

which should be attended to between mere fat and adipose tissue.

Adipose tissue consists of a number of vesicles formed by an extremely

delicate structureless membrane, round or spherical where they have not

been subject to j)ressure ; otherwise, variously flattened. They are sup-

* On this subject reference may be made to v. Eeoklingsbausen, in Vii-chow's Archiv, Bd.
xxviii., and RoUett, in Strieker's Human and Comparative Histology, translated by Power,
chap, ii., where the reader will find references to Strieker, Cohnheim, Kiihne, and others.
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plied and held together by capillary blood-vessels, and fine connective

tissue, and each vesicle is filled with fat.

Fio-. X.—Adipose tissue, a, starlike appearance, from crystallisation of fatty acids.

High power.

Fat is an unorganised substance, consisting of liquid oily matter

(glycerine) in combination with certain fatty acids, stearic, margaric, and

elaic. Sometimes the acids separate spontaneously before the fat is

examined, and are seen under the microscope in a crystalline form, as in

the figure. By boiling the tissue in ether or strong alcohol, the fat may
be extracted from the vesicle, which is then seen empty and shrunken.

Besides the fully-formed fat-cells above described, others may occa-

sionally be found in the course of formation, especially in cases of sudden

death during robust health. They are described by Eollett as, in the first

stage, small round granular cells, provided with a roundish nucleus, into

the interior of which a strongly-refracting drop of fat is then secreted,

which is at first surrounded by a ring of the granular matter, and graduall}'

increases so as to fill the cell. As the granular matter becomes less and
less, the nucleus, which can at first be easily recognised, becomes less

perceptible, but according to this author can always be brought into

view by appropriate reagents. Fat is said to be first detected in the

human embryo about the fourteenth week.

In various parts of the body pigment is found, viz. in the hairs, in the

iris and choroid coat of the eye, in the lungs, in the nerve-cells, in the rete

mucosum in the dark races, and in some parts of the body—such as the

areola of the nipple. Such parts are of dark colour even in the fair races,

except Albinoes, in whom pigment is absent. Pigment-cells are also

found in the blood, according to Virchow.

In many situations the colour is produced simply by the presence of

dark granules scattered about without any definite arrangement ; in the

inner layer of the choroid coat (or external layer of the retina) the pig-

ment forms a regular layer of hexagonal nucleated cells filled with pig-

ment-granules ; in other parts the pigment is contained in branching

cells, probably the connective-tissue-corpuscles filled with pigment-
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granules ; and in most situations, such as the nerve-cells and the

eijidermis, the pigment-granules form a greater or less element in the

contents of the nucleated cells of the part. (Fig. XXIX.) In the dark

races the colour of the skin is due to the accumulation of pigment in the

deeper layers of the epidermis—the rete mucosum.

CAETILAGE.

Cartilage is a non-vascular structure which is found in various parts of

the body—in adult life chiefly in the joints, in the parietes of the thorax,

and in various tubes, such as the air-passages, nostrils, and ear, which are

to be kept permanently open. In the fcetus at an early period the greater

part of the skeleton is cartilaginous. As this cartilage is afterwards re-

placed by bone, it is called temj^oj-ary, in opposition to that which remains

unossified during the whole of life, and which is called permanent.

Cartilage is divided according to its minute anatomy into true or

hyaline cartilage, fibrous, or fibro- cartilage, and yellow, or elastic, or reti-

cular cartilage.* The various cartilages in the body are also classified

according to their function and position, into articular, interarticular,

costal, and membraniform.

True cartilage, which may be taken as the type of this tissue, consists

of a gristly mass, of a pearly bluish colour, enveloped in a fibrous mem-

Fig. XI.—Human cartilage cells, from the cricoid cartilage. Magnified 350 times.

''((c^>

brane, the perichondrium,, from the vessels of which it imbibes its nutritive

fluids, being itself destitute of blood-vessels ; nor have nerves been traced

into it. Its intimate structure is very simple. If a thin slice be examined

under the microscope, it will be found to consist of cells of a rounded or

angular shape, with nucleus and nucleolus, lying in groups, surrounded

by a granular or almost homogeneous matrix. By boiling the cartilage

for some hours, and treating it with acetic acid, the cell-membrane which

lines the cavity in the matrix may be made visible.

By the application of certain reagents or by digestion in warm acidu-

lated water the matrix is found to be arranged in the form of concentric

rings around the cartilage-cell, forming what is described by some authors

* Besides these vai'ieties of cartilage met with in the adult human subject, there is a

variety called the cellular, which consists entirely or almost entirely of cells, imited in some
cases "by a network of very line fibres, in other cases apparently destitute of any inter-

cellular substance. This is found in the external ear of the rat and some other animals, and

is present in the chorda dorsalis of the human embryo, but is not found in any other hirman

structure.
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as the cartilage-capsiUe, or cell-territory ; aud Rollett describes a system

of dark lines, running in a straight direction through the matrix and
often connecting the several cell-cavities with each other, which are

brought into view by the action of osmic acid. These are regarded by
some anatomists as nutritive canals.

The articular cartilages, the temporary cartilages, and the costal car-

tilages, are all of the hyaline variety. They present minute differences in

the size and shape of their cells, and in the arrangement of the matrix. In

the articular cartilages, which show no tendency to ossification, the matrix

is finely granular under a high power; the 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 in the adult is not covered by perichondrium, at least

on its free surface, where it is exposed to friction, though an epithelial

layer can be traced in the foetus over the whole surface of the cartilage,

and in the adult over a small part of its circumference, continuous with

the epithelium of the synovial membrane. This is probably the remains

of an investing membrane which is worn away in after-life by the action

of the joint. Articular cartilage forms a thin incrustation upon the joint-

surfaces of the bones, and its elasticity enables it to break the force of

any concussion, whilst its smoothness affords ease and freedom of move-
ment. It varies in thickness according to the shape of the bone on which
it lies ; where this is convex, the cartilage is thickest over the convexity

where the greatest pressure is received, and the reverse is the case in the

concavities of the joints. Articular

Fig. XII.—Costal cartilage from a man
seventj'-six years of age, showing the

development of fibrous structure in the

matrix. In several portions of the specimen,

two or thi'ee generations of cells are seen

enclosed in a parent cell-wall. High power.

cartilage appears to imbibe its

nutriment partly from the vessels

of the neighbouring synovial mem-
brane, partly from those of the

bone upon which it is implanted.

Mr. Toynbee has shown that the

minute vessels of the cancellous

tissue, as they approach the articu-

'^, ^K lar lamella, dilate, and, forming

'^f^Si
a^rches, return into the substances

of the bone.

Temporary cartilage, and the

process of its ossification, will be

described with bone.

In the costal cartilages the

cells and nuclei are large, and the

.^JD\Y , matrix has a tendencj^ to fibrous

striation, especially in old age.

These cartilages also are very

prone to ossify. In the thickest parts of the costal cartilages a few
large vascular channels may be detected. This api^ears at first sight

an exception to the statement that cartilage is a non-vascular tissue,
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but it is Bot so really, for the vessels give no branches to the car-

tilage-substance itself, and the channels may rather be looked upon as

involutions of the perichondriiim. The ensiform cartilage may be regarded

a.s 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.

The hyaline cartilages, especially in adult 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. This process of calcification

occurs also, and still more frequently according to EoUett, in such carti-

lages as those of the trachea, which are prone afterwards to conversion

into true bone. It is on the confines of true ossification that this cal-

careous change or degeneration is most liable to occur, so that it is rare

to find true bone and true cartilage in juxtaposition at the confines of

the normal ossification, as for instance at the joint ends, at the ends of

the ribs, in the symphysis pubis and intervertebral cartilages.

Fihro-cartilage consists of a mixture of white fibrous and cartilaginous

tissues in various proportions ; it is to the first of these two constituents

Fig. XIII.—White fibrous cartilage ti-om the semihinar disc of the patella joint of an o.x.

Mao'nified loo times.

that its flexibility and toughness are chiefly owing, and to the latter its

elasticity. The fibro-cartilages admit of arrangement into four groups

—

interarticular, connecting, circumferential, and stratiform.

The interarticular fibro-cartilages [menisci] are flattened fibro-cartila-

ginous plates, of a round, oval, or sickle-like form, interposed between the

articular cartilages of certain joints. They are free on both surfaces,

thinner towards their centre than at their circumference, and held in

position by their extremities being connected to the surrounding ligaments.

The synovial membrane of the joint is prolonged over them a short distance

from their attached margin.
^ They are found in the temporo-maxillary,

sterno-clavicular, acromio-clavicular, wrist and knee joints. These car-

tilages are usually found in those joints which are most exposed to violent

concussions, and subject to frequent movement. Their use is—to maintain

the apposition of the opposed surfaces in their various motions ; to increase

the depth of the articular surface, 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 submitted. Virchow describes in the
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semilunar cartilages of the knee a system of anastomosing tubes, formed

by cells which communicate with each other, and by means of which the

nutritious fluids are conveyed into the interior of the mass. The semi-

lunar discs, according to this author, are wrongly denominated cartilages,

since they yield no chondrine on boiling ; and he appears to regard them
as a modification of tendinous structure, which, however, agrees with the

cartilages in the important particular of being non-vascular. See

Virchow's ' Cellular Pathology,' by Chance, pp. 87-89.

The connecting fihro-cartilages are interposed between the bony surfaces

of those joints which admit of only slight mobility, as between the bodies

of the vertebrse and the pubic symphyses ; they form discs, which adhere

closely to both of the opposed bones, 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.

The circumferential fihro-cartilages consist of a rim of fibro-cartilage,

which surrounds the margin 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.

The stratiform, fih-o-cartilages are those which form a thin layer in the

osseous grooves, through which the tendons of certain muscles glide.

Fiff. XIV.—Yellow c; ear of horse. High power.

The yelloiv or reticular cartilages found in the human body are the

epiglottis, cornicula laryngis, and the cartilaginous parts of the ear

(auricle and Eustachian tube). In this variety the cartilage-cells lie in

the meshes of a network of yellow elastic fibres, with a double outline,

branching and anastomosing in all directions. The fibres resemble those

of the yellow elastic fibrous tissue, both in appearance and in being

unaffected by acetic acid, and according to Rollett their continuity with

the elastic fibres of the neighbouring cellular tissue admits of being

demonstrated.

The distinguishing feature of cartilage as to its chemical composition

is that it yields on boiling a substance called chondrine, very similar to

gelatine, but differing from it in not being precipitated by tannin.
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BONE.

Structure and Physical Properties of Bone.—Bone is one of the hardest

structures of the animal body; it possesses also a certain degree of tough- ~

ness 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 and

compact in texture, like ivory : the other consisting of slender fibres and

lamellse, which join to form a reticular structure ; this, from its resem-

blance to lattice-work, is called cancellous. The compact tissue is always

placed on the exterior of a bone ; the cancellous tissue 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 lightness is re-

quisite. 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 mex-ely upon the different amount of solid matter, and the

size and number of the 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.

Bone during life is permeated by vessels, and is enclosed in a fibrous

membrane, the periosteum, by means of which most of these vessels reach

the hard tissue. If the periosteum be 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 the

Haversian canals. The interior of the bones of the limbs presents a cylin-

drical cavity filled with marrow, and lined by a highly vascular areolar

membrane, the medullary membrane or internal periosteum. The larger

Haversian canals are also filled with marrow.

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

(Kolliker). In young bones the periosteum is thick, and very vascular,

and is intimately connected at either end of the bone with the epiphysal

cartilage, but less closely with the shaft, from which it is separated by a

layer of soft blastema, in which ossification proceeds on the exterior of

the young bone. Later in life the periosteum is thinner, less vascular,

and more closely connected with the adjacent bone, this adhesion growing

stronger as age advances. 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, from injury,

it is denuded of this membrane.

The marrow differs in composition at different periods of life, and in

different bones. In young bones, it is a transparent reddish fluid, of
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tenacious consistence, free from fat ; and contains numerous minute
roundisK cells witli many nuclei. In the shafts of adult long bones, the

marrow is of a yelloiv colour, and contains, in lOO parts, 96 fat, i areolar

tissue and vessels, and 3 of fluid with extractive matters ; whilst, in the

flat and short bones, in the articular ends of the long bones, in the bodies

of the vertebrae, in the base of the cranium, and in the sternum and ribs,

it is of a red colour, and contains, in 100 parts, 75 water and 25 solid

matter, consisting of albumen, fibrin, extractive matter, salts, and a mere
trace of fat. The red marrow is said by Kolliker to consist of a small

quantity of areolar tissue and numerous medullary cells, and fat-cells with

a large quantity of fluid.

Vessels of Bone.—The blood-vessels of bone 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, running through the

canals which traverse its substance. The cancellous tissue is supplied in

a similar way, but by a less numerous set of larger vessels, which, per-

forating the outer compact tissue, are distributed to the cavities of the

spongy portion of the bone. In the long bones, numerous apertures may
be seen at the ends near the articular surfaces, some of which give

passage to the arteries referred to ; but the most numerous and largest

apertures are for the veins of the cancellous tissue which run separately

from 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 substance. This medul-

lary 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 corresj)onding to the medullary arteries

and veins.

The veins emerge from the long bones in three places (Kolliker).

I. By a large vein which accompanies the nutrient artery ; 2. By numerous

large and small veins at the articular extremities; 3. By many small

veins which arise in the compact substance. In the flat cranial bones

the veins are large, very numerous, and run in tortuous canals in the

diploic tissue, the sides of the canals being formed of a thin lamella of

bone, perforated here and there for the passage of branches from the

adjacent cancelli. The veins thus enclosed and supported by the osseous

structure have exceedingly thin coats ; and when the bony structure is

divided, they remain patulous, and do not contract in the canals in which

they are contained. Hence the constant occurrence of purulent absorption

after amputation, in those cases where the stump becomes inflamed, and

the cancellous tissue is infiltrated and bathed in pus.

Lymflmiic vessels have been traced, by Cruikshank, into the substance

of bone, but Kolliker doubts their existence. Nerves are distributed

freely to the periosteum, and accompany the nutrient arteries into the



\iv GENERAL ANATOMY.

interior of the bone. Tliey are said, by Kolliker, to be most numerous in

the articular extremities of the long bones, in the Yertebrse, 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 the compact wall of one

of the long bones after maceration, such as is shown in fig. XV. The
large round spaces seen in the figure are the Haversian canals, and in

these canals the larger vessels of the bone ramify. The smaller Haversian

canals contain arteries, the larger, veins, a single vessel being lodged in

Fig. XV.—From a transverse section of the

diapliysis of thehumerus, magnified 350 times.

a, Haversian canals, b, lacimce, with their

canaliculi in the lamellae of these canals, c,

lacunae of the interstitial lamellae, d, others

at the siu'face of the Haversian systems, "with

canaliculi ffoing- off from one side.

Fig. XVI.—Section parallel to the surface

from the shaft of the femur, magnified
100 times. a, Haversian canals, b,

lacunae seen from the side, c, others

seen fi-om the surface in lamellte which
are cut horizontally.

o

M^-ip

^
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each canal. The fine lines leading out of (or into) these canals, are called

canaliculi, and the irregular dark spaces, which may be noticed to have a

general circular arrangement round the Haversian canals, are called the

lacunae. The canaliculi which originate in one lacuna most frequently run

into a neighbouring lacuna, or else into a neighbouring Haversian canal

;

some of them, however, anastomose with others in their neighbourhood,

and a few appear to terminate in blind extremities or to bend backwards.

The concentric rings of lacunse round each Haversian canal are called

lamellw. The irregular intervals which would be left hj the juxtaj)osition

of these lamellae, are seen in the figure to be filled up by lacunte and

canaliculi which communicate with the systems composing the adjacent

lamellse. Besides the lamellse which are concentric to the Haversian

systems there are other lamellse, most perceptible on the surface of the
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bone, wliich are concentric to the medullary cavity. These are most
distinct in the adult bone. These lamellae, which are laid down around
the axis of the bone itself, are called by some authors the primary or

fundamental lamellce, to distinguish them from those laid down around
the axis of the Haversian canals, the secondary or special lamellce. The
interstitial lamellce found between the Haversian systems can sometimes be

recognised as belonging to the primary lamellae ; but this is not always
the case. The interspaces between the lacunte and canaliculi are filled

with a granular homogeneous solid material, the ultimate mineral base of

the bone.

If a longitudinal section be taken, as in fig. XVI., the appearances are

identical. The appeai-ance of concentric rings is replaced by that of

lamellae or rows of lacunae parallel to the course of the Haversian canals
;

and these canals appear like half-tubes instead of circular spaces. The
tubes are seen to branch and communicate, so that each separate Haver-
sian canal rmis only a short distance. In other respects the structure has
much the same appearance as in transverse sections.

In sections of thin plates of bone (as in the walls of the cells which
form the cancellous tissue), the Haversian canals are absent, whenever
the thickness of bone is not too great to allow of its nutritious juices

being absorbed from the fibrous membrane coating either side by means
of the lacunae and canaliculi only ; but when the thickness becomes at

all considerable, Haversian systems begin to appear. Thus the spaces of

the cancellous tissue {medullary spaces) have the same function there that

the Haversian canals have in the more compact tissue.

In the long bones, by maceration in dilute mineral acid, it may easily

be shown that besides these microscopic lamelte surrounding each Haver-

sian canal, the whole bone is composed of distinct laminae, concentrically

disposed around the medullary tube. These laminaj are crossed and

pinned together, as it were, by the fibres of bone running obliquely

through them, which were first described by Dr. Sharpey, and named by

him perforating fibres. In the flat bones parallel or superimposed plates,

can be demonstrated similarly held together by perforating fibres, which

are more numerous than in the long bones.*

Besides the Haversian canals larger and irregularly shaped spaces are

found

—

Haversian spaces—which are, as it were, a transition from the

Haversian canals to the medullary spaces of the cancellous tissue. It

seems as if both the medullary spaces and the Haversian spaces are

formed by absorption, as we shall try to explain in speaking of the

development and growth of bone. These Haversian spaces are found

chiefly in growing bones ; but they occur also, though in less number, in

the adult bones. They have irregular jagged outlines, and the adjoining-

systems of lacunae and canaliculi are seen to be eaten away by them.

When the microscopic structure of bone was first demonstrated, it

was believed that the lacunae were solid cells, and their canaliculi solid

processes from those cells. Subsequently, when it was seen that the

Haversian canals are channels which lodge the vessels of the part, and

the canaliculi and lacunae spaces by which the plasma of the blood, or

* Sharpejf, in Quaiu'.s Anatomy, ytli edit., p. xcv.
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the blood itself, circulates through the tissue, it was taught that the

lacunae were hollow spaces filled during life with that fluid, and only

lined (if lined at all) by a delicate membrane. But this view appears

also to be delusive. Examination of the structure of the bone, when
recent, has led Virchow to believe that the so-called lacunte are really

filled up during life with a nucleated cell, the processes from which pass

down the canaliculi. It is by means of these cells that the fluids

necessary for nutrition are brought into conta.ct with the ultimate tissue

of the bone.

The animal part of a bone may be obtained by immersing the bone

for a considerable time in dilute mineral acid, after which process the

bone comes out exactly the same size

and shape as before, but perfectly ^'S- XVIL-Section of bone after the re-
7 tr J moval oi tne earthy matter by the action

flexible—so that a long bone (one of of acids.

the ribs is the usual example) can -s^
easUy be tied in a knot. If now a _^^®>*_,f^^^?^ ..mi!^^^^^\
transverse section be made, the same ^^^^^^^^^^H^^^^^^&
general arrangement of the Haversian w^^S^^^^^^^^S^^^^
canals, lamellae, lacunae, and canal i- ,

•--?!--—-'
- "VIl' '

""'''
,^

euli is seen, though not so plainly as i _ ]

in the macerated specimen. If the v^V^ '

)

individual lamellEe are examined, they ^- ^ -
, ^

are found to be composed of fibres,

most of which are nearly j)arallel ; but which interlace together, and

anastomose or communicate with the fibres of the neighbouring lamellae.

The organic or animal constituent of a bone is only incompletely removed

by maceration, leaving the bone for an indefinite period perfectly tough

and coherent ; but after being long kept in a warm dry atmosphere, or by

incineration in a furnace, the animal part may be entirely removed, and

then the earthy constituent will retain the form of the original bone, but

on the slightest force it will crumble down. The animal base is often

called cartilage, but differs from it in the following res23ects : viz., that it

is softer and more flexible, and when boiled with a high pressure is

almost entirely resolved into gelatine. Cartilage does, however, form the

animal basis of bone iu certain parts of the skeleton. Thus, according to

Tomes and De Morgan, it occurs in the petrous part of the temporal

bone, and, according to Dr. Sharpey, on the articular ends of adult bones,

lying underneath the natural cartilage of the joint.

Chemical Analysis.—The organic constituent of bone forms about one-

third, or 33"3 per cent.; the inorganic vaniter, two-thirds, or 66'2 per

cent. ; as is seen iu the subjoined analysis by Berzelius :

—

Organic Matter, Gelatine and Blood-vessels .... 33'30

{Phosphaie of Lime 5 1 '04

Carbonate of Lime il'3o

Fluoride of Calcium . ..... 2-oo

Phosphate of Magnesia it6
Soda and Chloride of Sodium . . . . i "20

lOO'OO

Some chemists add to this about i per cent, of fat.

The relative proportions of the two constituents of bone are found to

differ in different hones of the skeleton, as shown by Dr. Owen Eees. Thus,
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the bones of the head, and the long bones of the extremities, contain

more earthy matter than those of the trunk ; and those of the upper

extremity somewhat more than the corresponding bones of the lower

extremity. The humerus contains more earthy matter than the bones of

the fore-arm ; and the femur more than the tibia and fibula. The vertebrae,

ribs, and clavicle, contain nearly the same proportion of earthy matter.

The metacarpal and metatarsal bones contain about the same proportion

as those of the trunk.

Much difference exists in the analyses given by chemists as to the

proportion between the two constituents of bone at different periods of life.

According to Schreger, and others, there is a considerable increase in the

earthy constituents of the bones with advancing years. Dr. Rees states,

that this is especially marked in the long bones, and the bones of the

head, which, in the foetus, do not contain the excess of earthy matter

found in those of the adult. But the bones of the trunk in the foetus,

according to this analyst, contain as much earthy matter as those of the

adult. On the other hand, the analyses of Stark and Von Bibra show,

that the proportions of animal and earthy matter are almost precisely the

same at different periods of life. According to the analyses of Von Bibra,

Valentin, and Dr. Rees, the compact substance contains more earthy

matter than the cancellous. The comparative analysis of the same bones

in both sexes shows no essential difference between them.

There are facts of some practical interest, bearing upon the difference

which seems to exist in the amount of the two constituents of bone at

different periods of life. Thus, in the child, where the animal matter

predominates, it is not uncommon to find, after an injury to the bones,

that they become bent, or only partially broken, fi'om the large amount of

flexible animal matter which they contain. Again, in aged people, where

the bones contain a large proportion of earthy matter, the animal matter

at the same time being deficient in quantity and quality, the bones are

more brittle, their elasticitj- is destroyed ; and hence fracture takes place

more readily. Some of the diseases, also, to which bones are liable,

mainly depend on the disproportion between the two constituents of bone.

Thus, in the disease called rickets, so common in the children of scrofulous

parents, the bones become bent and curved, either from the superincum-

bent 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 lOO parts 79"75 animal, and 20*25 earthy matter.

Development of Bone.—In the fcetal 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

intra-cartilaginous and the intra-membranous ; and to these a third is

sometimes added, the siibperiosteal, which is a variety of the second.

In the intra-cartilaginous ossification two chief primary changes occur

* The bones wliich are developed entirely in membrane are the occipital, as far as it

enters into the formation of the vault of the skull, the parietal and frontal bones, the squamous
portion of the temporal with the tympanic ring, the Wormian bones, the nasal, lachrymal,

malar, palate, upper and lower maxillary, and vomer ; also, apparently, the internal pterygoid

plate and the sphenoidal turbinated bones.
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in tlie cartilage simultaneously—viz., that the cartilage becomes vascular,

and that it calcifies. The vessels shoot into the cartilage from the neigh-

bouring periosteum, constituting what is called ' the centre of ossification,'

which is seen in injected specimens so strongly contrasted with the neigh-

bouring non-vascular cartilage.

The first step in the calcification of the cartilage is, that the cartUage-

cells increase rapidly in number, and arrange themselves in rows, with

the long axis of the cell transverse to that of the future bone (fig.

XVIII., a). If calcification has already advanced somewhat further,

there is seen, lower down in the section, a layer of large clear cells with

Fig. XVIII.—Longitudinal section tlirough the ossifying portion of a long bone in the human
emhryo. a, cartilaginous region, b, region of the round clear cells,

ff,
region of the

dark granular masses.

granular contents, which are also arranged in somewhat parallel rows,

separated still by a transparent cartilaginous matrix ; while still deeper

down the matrix has calcified, so that, if a transverse section be made here,

rings of dark granular substance will be seen enclosing the large round

cells (RoUett). As the section is taken deeper and deeper into the ossi-

fying part, the calcified rings, or primary areolcs, are seen to enclose

numerous smaller granular masses (' primitive or foetal marrow '), which

have been supposed to be developed out of the large clear cells shown

above them in the figure, and thus to be the descendants of the cartilage-

cells. But the view which is now more generally adopted is that the
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cartilage-cells, after becoming developed into these round clear bodies, are

dissolved, and slied tlieir granular contents to form the calcareous matrix,

while the cells vrhich line the primary areolae, and from which the future

bone is developed, said which are on that account called ' osteoblasts,' are

furnished by the blood-vessels which are to be found in those spaces. As
these blood-vessels advance into the

Fig. XIX.—Vertical section from the

edge of the ossifying portion of the

diaphysis of a metatarsal bone from a

foetal calf, after Miiller. a, ground-
mass of the cartilage ; b, of the bone,

e, newly formed bone-cells in profile,

more or less embedded in iutereellidar

substance, d, medullary canal in pro-

cess of formation, with vessels and
medullary cells, e, f, bone-cells on
their broad aspect. </, cartilage cap-

sules arranged in rows, and partly

with =li' mil il-bodies.

areolse. the latter break down, giving

rise to the primary medullary canals,

which are the rudiments of the

Haversian canals. (Fig. XIX.) The
osteoblasts are believed to be cor-

puscles emigrating out of these ves-

sels, and are described by Frey as

being differentiated from a mass of

lymphoid cells, some of which become

developed into connective-tissue

fibres, which traverse the bone; others

Fig. XX.—Transverse section from the femur
of a human embryo about eleven weeks
old. a, a medullary sinus cut transversely,

and 6, another longitudinally. c, osteo-

blasts, d, newly formed osseous substance
of a lighter colour, e, that of greater age.

/, lacunae with their cells, g, a cell still

miited to an osteoblast.

preserve the old lymphoid form, and may be recognised in that form

during the whole of life in the red marrow ; while others possibly form

the fat-cells of the yellow marrow. The osteoblasts line the wall of the

medullary space like an epithelium. They secrete the bony substance

which separates the lacunte from each other. This appears first as a

homogeneous opalescent material, in which bone salts are afterwards laid

down, while the cells themselves remain persistent as the bone-corpuscles.

(Fig. XX.) As fresh laminse of this osseous formation are laid down,
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fresli layers of osteoblasts line the interior of the cavity, till the process

results in the completion of the Haversian canal and its system of lamellae.

The precise mode of origin of the canaliculi from the bone-corpuscles has

not been ascertained.

Thus far, then, we have followed the steps of a process by which a solid

bony mass is produced, having vessels running into it from the periosteum,

Ha.versian canals in which those vessels run, medullary spaces filled with

foetal marrow, lacunte with their contained bone-cells, and canaliculi

growing out of those 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 diaphysis

a considerable part of the original bone is formed by intra-membranous

ossification beneath the perichondrium or periosteum. Kolliker (following

H. Miiller, and referring to an observation of Howship to the same effect

made so long ago as 1819) describes the first rudiment of a long bone as

having the form of a tube, surrounding the primordial cartilage; thus

showing that the intra-membranous ossification of the outer part of the

bone from the periosteum even precedes the intra-cartilaginous deve-

lopment of its interior from the ' ossific centre.' Also, a great part of the

increase in girth of the bone takes place by bony deposit from the deeper

layer of the periosteum. This process is now acknowledged to belong to

the intra-membranous form of ossification. Thus even in long bones only

a portion of their tissue is formed by intra-cartilaginous ossification.

The shaft of the bone is at first solid, but a tube is gradually hollowed

out in it by absorption around the vessels passing into it, which becomes

the medullary canal ; and as more and more bone is deposited from the

periosteum, so more and more is removed from around the medul-

lary membrane, until at length the bone has attained the shape and

size which it is destined to retain during adult life. As the ossifica-

tion of the cartilaginous diaphysis extends towards the articular ends, it

carries with it, as it were, a layer of cartilage, or the cartilage grows

as it ossifies. During this period of growth the articular end, or

epiphysis, remains for some time entirely cartilaginous, then a bony

centre appears in it, and it commences the same process of intra-carti-

laginous ossification ; but this process never extends to any very great

distance. The epiphyses remain separated fi'om the shaft by a narrow

cartilaginous layer for a definite time. This layer ultimately ossifies, the

distinction between shaft and epiphysis is obliterated, and the bone has

assumed its completed form and shape. The same remarks also apply

to the processes of bone which are separately ossified, and called apophyses.

The intra-cartilaginous ossification, and the growth by means of epi-

physes, are usually described from the long bones ; but almost all the

bones of the body are primarily laid down in cartilage (see note, p. Ivii.)

;

and a great many of the flat and short bones grow by means of epiphyses,

as will be seen in the detailed description of each, given in the body of

the work.

The medullary spaces which characterise the cancellous tissue are

produced by the absorption of the original foetal bone in the same way as

the medullary tube is formed, and the same is the case with the Haversian
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spaces above referred to as a sort of intermediate step between the

Haversian canals and the medullary spaces. In the medullary spaces so

formed the large ' giant-cells ' are found, v^hich have been long described

as a constituent of the foetal marrow, and to which lately the power has

been ascribed of dissolving or absorbing the bone, so that KoUiker has

named them- ' osteoclasts.' This function, however, is denied by some

of the best authorities.* They vary in shape and size, and are known by

containing a large number of clear nuclei, sometimes as many as twenty.

The occurrence of similar cells in some tumours of bone has led to then-

being denominated ' myeloid.' The 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

remind the reader that in morbid states of the bone inflammatory absorp-

tion effects exactly the same change, and converts portions of bone

naturally compact into cancellous tissue.

The intra-membranous ossification is that by which the bones of the

vertex of the skull are entirely formed. In the bones which are so de-

veloped no cartilaginous mould precedes the appearance of the bone

tissue. The process, though pointed out originally by Dr. Nesbitt in the

year 1736, was first accurately described by Dr. Sharpey; and it does not

appear that subsequent observers have been able to add anything essential

to his description. This is, substantially, as follows :—In the membrane

which occupies the place of the future bone a little network of bony

spiculEe is first noticed, radiating from the point of ossification. When
these rays of growing bone are ex-

Fig. XXI.—OsteoUasts from the parietal

bone of a human embryo thirteen -weeks

old (after Gegenbauer). a, bony septa

with the cells of the lacunae, h, layers

of osteoblasts, c, the latter in transition

to bone-corpuscles.

amined by the microscope, there is

found a network of fine clear fibres

(osteogenic fibres), which become dark

and granular from calcification, and

as they calcify they are found to

enclose in their interior large gra-

nular corpuscles or ' osteoblasts.'

These corpuscles at first lie upon

the osteogenic fibres, so that the cor-

puscles must be removed by brushing

the specimen with a hair-pencil in

order to render the fibres clear ; but

they gradually sink into areolse

developed among the fibres. The
areolfe appear to be the rudiments of

the lacunee, the passages between the

fibres form the canaliculi, and the osteoblasts are the rudiments of the

bone-cells. As the tissue increases in thickness vessels shoot into it,

grooving for themselves spaces or channels, which become the Haversian

canals. Thus the intra-membranous and intra-cartilaginous processes

of ossification are similar in their more essential features.

The subperiosteal is a form of the intra-membranous process of ossifi-

cation.

* Frey says :
' I have not the faintest belief in their possessing this property.'
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The period of ossification is different in different bones. The order of

succession may be thus arranged (Kolliker) :

—

In the second month, first, in the clavicle and lower jaw (fifth to seventh

week) ; then, in the vertebraj, humerus, femur, the ribs, and the cartila-

ginous portion of the occipital bone.

At the end of the second, and commencement of the third month, the

frontal bone, the scapula, the bones of the fore-arm and leg, and upper

jaw make their appearance.

In the third month, the remaining cranial bones, with few exceptions,

the metatarsus, the metacarpus, and the phalanges, begin to ossify.

In the fourth month, the iliac bones, and the ossicula auditus.

In the fourth or fifth month, the ethmoid, sternum, os pubis, and

ischium.

From the sixth to the seventh month, the calcaneum and astragalus.

In the eighth month, the hyoid bone.

At birth, the epiphyses of all the cylindrical bones, with the exception

of the lower epiphysis of the femur, and occasionally the upper epiphysis

of the tibia ; all the bones of the carpus ; the five smaller ones of the tarsus
;

the patella ; the sesamoid bones ; and the coccyx,* are still unossified.

From the time of birth to the fourth year, osseous nuclei make their

appearance also in these parts.

At twelve years, in the pisiform bone.

The number of ossific centres is different in different bones. In most

of the short bones, ossification commences by a single point in the centre,

and proceeds towards the circumference. In the long bones, there is a

central point of ossification for the shaft or diaphysis ; and one or more

for each extremity, the e^jiphyses. That for the shaft is first to appear

;

those for the extremities appear later. The union of the epiphyses with

the shaft takes place in the inverse order to that in which their ossifica-

tion began ; for although ossification commences latest in those epiphyses

towards which the nutrient artery in the several bones is directed, they

become joined to the diaphyses sooner than the epiphyses at the opposite

extremity, with the exception of the fibula, the lower end of which com-

mences to ossify at an earlier period than the upper end, but, nevertheless,

is joined to the shaft earliest.

The order in which the epiphyses become united to the shaft, appears to

be regulated by the direction of the nutrient artery of the bone. Thus, the

nutrient arteries of the bones of the arm and fore-arm are directed towards

the elbow, and the epiphyses of the bone forming this joint become united to

the shaft before those at the opposite extremity. In the lower extremities,

on the contrary, the nutrient arteries pass in a direction from the kne(3

;

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

epiphyses 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 in the clavicle ; towai'ds 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.

* On the development of the coccj'x, vide infra, p. 17.
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Besides these epiphyses for the articular ends, there are others (more

commonly called apophyses) for projecting parts, or processes, which are

formed separately from the balk of the bone. For an account of these,

the reader must be referred to the descriptions of the individual bones in

the sequel.

A knowledge of the exact periods when the epiphyses become 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 injtiries to which the

joints are liable ; for it not unfrequently happens, that on the application

of severe force to a joint, the epiphyses become sejiarated from the shaft,

and such injuries may be mistaken for fracture or dislocation.

MUSCULAR TISSUE.

The muscles are formed of bundles of reddish fibres, endowed with the

property of contractility. Two kinds of muscular tissue are found in the

animal body, viz., that of voluntary or animal
Fig, XXn.—Transverse section Hfe, and that of involuntary or organic life.

from the sterno-mastoid in rj,, i j- • i tj- r _i j 7 \

man, 50 times magnified, a,
The muscles of ammal hfe {striped muscles)

external perimysimn. b, in- are Capable of being put in action and con-
ternal perimysiimi. c, primi- ^^.^^^^ . ^-^^ ^jjj_

rpj^
^^^ composed of

tive and secondary iascicuu. •' •'
_

i-

bundles of fibres enclosed in a delicate web

^ of areolar tissue, called in the figure the
' perimysium.' Each bundle consists of

numerous smaller bundles, enclosed in a

similar fibro-areolar covering, and these

again of primitive fasciculi. Fat-cells are

sometimes intermixed with this connective

tissue.

The fibres are of no great length—not

extending, it is said, further than an inch

and a half. They end either by blending

with the tendon or aponeurosis, or else by be-

coming drawn out into a tapering extremity

which is connected to the neighbouring fibre by means of the sarcolemma.

The precise mode in which the muscular fibre joins the tendon has been

variously described by different observers. It may, perhaps, be sufficient

here to say that the sarcolemma, or membranous investment of the mus-
cular fibre, appears to become blended with the tissue of the tendon, and
that the muscular fibre appears to be prolonged more or less into the

tendon, so that the latter forms a kind of sheath around the fibre 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 continuous with those of the areolar tissue.

The primitive fasciculi consist of a number of filaments, enclosed in a

tubular sheath of transparent, elastic, and apparently homogeneous mem-
brane, named by Bowman the ' Sarcolemma.' On the internal surface of

the sarcolemma, in mammalia, and also in the substance of the fibrillte in

lower animals, elongated nuclei are seen (see figs. XXXIX., XL.) , and in con-
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nection with tliese nuclei a row of granules, apparently fatty, is sometimes

observed. The j^rimitive fasciculi are cylindriform or prismatic. Their

breadth varies in man from -^-i-g- to ^--L of an inch, the average of the

majority being about ^-L
; their length is not alwa3's in proportion to the

length of the muscle, but depends on the arrangement of the tendons.

This form of muscular fibre is especially characterised by being apparently

marked with very fine, dark lines or strim, which pass transversely round

the fibre, in curved or wavy paral-
Fig. XXIV.—Fragments of striped elementary

fibres, showing a cleavage in opposite dii-ec-
lel directions, from

of an inch apart,

tn 1
10000 "" 12000

other strias

pass longitudinally over the fibres,

indicating the direction of the

primitive fibrils of which the

primitive fasciculus is composed.

They are less distinct than the

former.

Fig. XXIII.—T^vo human
muscular fibres, magnified

350 times. In the one,

the bundle of fibrillfe (i) is

torn, and the sarcolemma
(a) is seen as an empty tube.

tions, magnified 300 diameters. A, Longitudi-

nal cleavage. The longitudinal and transverse

lines 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 fibrillfe. c, Fi-

bi'illse separated from one another by violence

at the broken end of the fibre, and marked
by transverse lines equal in width to those on
tlie fibre, c' c", represent two appearances

commonly presented by the separated single

fibrillfe (more highly magnified). At c' the

borders and 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

these appearances, b, Transverse cleavage.

The longitudinal lines are scarcely visible,

n, Incomplete fracture following the opposite

surfaces of a disc, which stretches across the

interval, and retains the two fragments in con-

nection. The edge and surfnces of this disc are

seen to be minutely gi'auular, the granules

corresponding in size to the thickness of the

disc, and to the distance between the faint

longitudinal lines, h, Another disc nearly

detached, b', Detaolied disc, more highly

magnified, showing the sarcous elements.

The primitive fibrils constitute the proper contractile tissue of the

muscle. Each fibril is cylindriform, somewhat flattened, about -rsiTo °f

an inch in thickness, and marked by transverse striae placed at the same
distance from each other as the strise on the surface of the fasciculus.

Each fibril apparentlj- consists of a single row of minute particles (named
' sarcous elements ' by Bowman), connected together like a string of

beads. Closer examination, however, shows that the elementaiy particles

are little masses of pellucid substance, having a rectangular outline, and
appearing dark in the centre. These appearances would favour the

suggestion that the elementary particles of which the fibrils are composed
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are possibly nucleated cells, cohering in a linear series, the transverse

marks between them corresponding- to their line of junction. Kolliker,

however, considers ' the sarcous elements as artificial products, occasioned

by the breaking up of the fibril at the parts whei'e they are thinner.'

On closer examination, the appearances become more complicated,

and are susceptible of various interpretations. Thus, if we applj' a higher

power of the microscope, the 'transverse striation which in figs. XXTII.

XXIV. appears as a mere alternation of dark and bright bands is resolved

into the appearance shown in fig. XXV., which shows a series of broad

dark bands, separated by a bright band, which is itself divided into two

by a row of dark dots. This appearance was first pointed out by Busk
and Huxley. It is explained by Krause as depending on some optical

property of the investment of the separate sarcous elements. Thus it is

supposed that the sarcous elements have an opaque interior, and are

united to each other by a transparent envelope or cell-membrane, the

Fig. XXV.— A, portion of a medium-sized human muscular fibre, magnified nearly 800
diameters. B, separated bundles of fibrils, equallj' magnified, a, a, larger, and b, b,

smaller collections ; c, still smaller ; d, d, the smallest which could be detached.

sides of which cohere so closely as only to show a single line, while their ends
are united by some different material which breaks up the light, and
causes a dark band or row of dark dots in the centre of the transparent

streak formed by the cohesion of the two cell-membranes. Mr. Schafer

describes the sarcous elements as formed by an aggregation of rod-like

masses of protoplasm, having rounded ends, and believes that the two
bright bands and intervening row of black dots are the result of the dif-

fraction of the light around these rounded ends, 'just as a minute oil-

globule in water appears surrounded with a bright halo when examined
under the microscope.' But the question is as yet by no means definitely

settled.

This form of muscular fibre composes the whole of the voluntary

muscles, all the muscles of the ear, those of the larynx, pharynx, tongue,

d
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tlie upper half of the cesophagus, the heart, and the walls of the large

veins at the point where they open into it.

The fibres of the heart, however, differ in several particulars from those

of other striped muscles. They are smaller by about one-third, and their

transverse strise are by no means so distinct. Fat-cells are also often

found in them to a certain extent, even apart from any obvious disease

of the organ. They break up much more readily into their smallest ele-

ments. There is also much less (if any) connective tissue separating the

bundles of fibres ; and KoUiker has described and figured the ultimate

fibres as anastomosing with each other, a

fact previously noticed by Leeuwenhoeck. ""'^S^it^ZS^t^^
Schweigger-Seidel also describes and figures a longitudinal section. On the

transverse septa, which divide the fibres into "S}^ ^^"i
l^it^ ?f ^"^^ separate

^ cells with their nuclei are
separate nucleated portions (fig. XX Vl.). exhihited somewhat diag-ram-

The unstrvpecl muscle, or muscle of organic matically.

life, is found in the walls of the hollow Bk'Ii

viscera, viz., the lower half of the cesophagus fe,
i

and the whole of the remainder of the gastro- 11*:

intestinal tube ; in the trachea and bronchi

;

.-^ '

in the gall-bladder and ductus communis .

choledochus ; in the pelvis and calices of the l;
J

kidney, the ureters, bladder, and urethra ; f*
; , i

:

in the female sexual organs, viz., the Fal- t';
>

i :i i. J

lopian ' tubes, the uterus (enormously de- (;
' 1|

veloped in pregnancy), the vagina, the broad
' "

'

,

/
j

ligaments, and the erectile tissue of the ,

'

I

clitoris; in the male sexual organs, viz., the 'W , '^"^m

dartos scroti, the vas deferens, and epidi- 'w^' -

dymis, the vesiculse seminales, the prostate

gland, and the corpora cavernosa ; * 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 mucosw ; in the arteries,

veins, and lymphatics ; in the iris ; and in the skin.

The fibres of inorganic muscle form flattened bands, which interlace in

various directions, and which when viewed without reagents appear nearly

homogeneous, though, if the organ fi'om which the fibres are taken has

been macerated previously for some time in dilute acid, the nuclei can be

perceived. Even in fresh fibres the nuclei are occasionally visible.

In many situations these fibres, by prolonged immersion in chromic or

nitric acid, can be resolved into the elementary contractile fibre-cells of

which Kolliker has shown that they really consist ; and in some parts, as

in the arteries and in the skin, such fibre-cells are found single. They

are elongated, their length abput ten to fifteen times their breadth (-02'"

to 0"4'" in length, -002'" to •003"' in breadth, according to Kolliker), con-

sisting of a spindle-shaped, homogeneous-looking, fibre-cell, in which

a rod-shaped nucleus is faintly visible. Acetic acid dissolves out the

granular contents of the cell, and brings the nucleus clearly into view.

The unstriped muscle, as a rule, is not under the influence of the will,

* KoUiker describes muscular fibres also in the tunica vaginalis testis.
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nor is the contraction rapid and involving tlie whole muscle, as is the

case with the muscles of animal life. The membranes which are composed

of the unstriped muscle slowly contract in a part of their extent, generally

under the influence of mechanical stimulus, as that of distension or of

cold, and then the contracted part slowly relaxes, while another portion

of the membrane takes up the contraction. This peculiarity of action is

most strongly marked in the intestines, constituting their vermicular motion.

In chemical composition, the muscular fibres of both forms consist

mainly of a substance {syntonin) nearly identical with the fibrine of the

blood ; but, unlike the latter, not dissolved by nitrate of potash. Muscle

Fig. XXVII.—Non-striated
elementary fibres from the

human colon, a, treated

with acetic acid, showing
the corpuscles. b, frag-

ment of a detached fihre,

not touched with acid.

Fig. XXVIIT.—Muscular fibre-cells

from human arteries. I, from the

popliteal artery ; A, without ; B, with
acetic acid. 2, from a branch of

the anterior tibial ; a, nuclei of the

fibres. Magnified 350 times.

after death exhibits an acid reaction ; but this apjDears to be due to post-

mortem changes.

The capillaries of muscle are very abundant, and form a series of
rectangular areolae, the branches which run longitudinally between the
muscular fibres, being united at short intervals by transverse anasto-
mosing branches.

Nerves are profusely distributed to the muscular tissue, more especially

to the voluntary muscles. The mode of their termination will be de-
scribed on a subsequent page.

The distribution and the mode of origin of the lymphatic vessels of
muscle have not yet been ascertained.

The muscles during life, and for some time after death, respond to the
appropriate stimulus by contracting in the manner peculiar to the class

to which they belong. Thus, for some time after a limb has been
amputated, its muscles can be set in motion by scratching, pinching^ or

galvanising them ; and even after the irritability of the muscular tissue
d2
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has been exhausted by the prolonged suspension of the circulation, it can

be at first temporarily restored by injecting fresh arterial blood through

it (Brown-Sequard). The time at which muscular irritability ceases

after death depends on the vitality of the subject ; thus it ceases in birds^

whose circulation and vital heat are of a very high degree, sooner than in

man and quadrupeds ; in these sooner than in fishes, &c. Dr. Sharpey

says that it lasts long in hybernating animals killed during their winter

sleep. It is also affected bj' the mode of dying, being extinguished instan-

taneously (as is asserted) in some cases of lightning-stroke, and much
diminished by certain gaseous poisons, particularly sulphuretted hydrogen.

As the muscles die they become stiff, and it is to this cause that the

rigidity so characteristic of recent death (' rigor mortis ') is due. The
ultimate cause of the phenomenon is not well imderstood, beyond the

obvious fact that it must be due to the change from partial fluidity to a

solid condition of the contents of the sarcolemma. The periods of its

occurrence and of its disappearance are very variable, and the causes of

those variations are of extreme interest and importance, especially in

medico-legal inquiries, but the subject is too complicated to be adequately

treated here. All that need be said in this place is that, as might be

expected, the rigor is stronger the more powerful and more healthy the

muscles are, and consequently is both more powerful and more lasting in

cases of sudden or violent death. It also sets in later in such cases, while

in emaciated and exhausted subjects it is more rapid and transient ; as is

also the case, according to Hunter, in animals which have been hunted to

death. In some instances of violent death in persons of robust frame, the

rigor mortis has not entirely disappeared till the end of the first week
after death. In rare cases (as in some instances of death from lightning)

the muscles are found rigid immediately, and in other cases rigor com-

mences in a few minutes, but usually not till six or seven hours after

death. The cessation of rigidity in the muscles must be regarded as the

commencement of putrefactive changes.

NEEVOUS TISSUE.

The nervous tissue is composed chiefly of two different structures, the

grey or vesicular, and the white or fibrous. It is m the former, as is

generally supposed, that nervous impressions and impulses originate, and

by the latter that they are conducted. Hence the grey matter forms the

essential constituent of all the ganglionic centres, both those separated in

the ganglia, and those aggregated in the cerebro-spiual axis ; while the

white matter is found in all the commissural portions of the nerve centres,

and in all the cerebro-spinal nerves. Besides these two principal kinds of

nervous matter, there is found a third structure—chiefly in the sym^ia-

thetie system—called the gelatinous nerve-tissue.

The nervous substance is again divided into two different systems. The

first is connected directly with the great central mass enclosed in the

skull and spine. This is called the cerebrospinal system, and is divided

into the brain (including the medulla oblongata), the spinal cord, the

cranial nerves^ the spinal nerves, and the ganglia connected with both
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those classes of nerves. The second, called the itymfcdhetic system, is

not directly connected with the brain or spinal cord, though it is so

indirectly by means of its numerous communications with the cranial

and spinal nerves. It consists of a double chain of ganglia, with the

branches which go to and come from them.

A third method of division of the nervous system is based upon the

functions which it performs. On this principle it is divided into the

nervous system of animal life and the nervous system of organic life—the

former subserving the higher functions of volition, sensation, &c., the

latter those of growth and nutrition. It is clear that the former qualities

reside mainly in the cerebro-spinal system, while the intimate connection

between the sympathetic nerve and the great viscera renders it highly

probable that the sympathetic system has mainly to do with the organic

functions. Conseqviently, the cerebro-spinal system was designated the

system of animal life, and the sympathetic the system of organic life.

Fig. XXIS.—Nerve-yesiclea from the

Gasserian ganglion of the human sub-

ject, a, a globular one with defined

Ijoi'der ; b, its nucleus ; c, its nucleo-

lus rf, caudate vesicle , e, elongated

vesicle with two gioups of pigment
pai tides

, /, \esicle suiiounded by it^

"iheath oi capsule of nucleated pii-

tides
, q, the «:ame, the sheath onl>

being m toeus Magmfaed 300 dn-
meteis

Fig. XXX.—Nerve-vesicles from the inner parts of

the grey matter ofthe convolutions of the human
brain ; magnified 350 times. Nerve-cells : a, larger,

6, smaller, c, nerve-fibre, with axis-cylinder.

But the distinction, though true to a certain extent, is by no means
complete, as the student may easily see by consulting the works of modern
physiologists.

The cjrey or vesicular nervous substance is distinguished by its dark

reddish-grey colour and soft consistence. It is found in the brain, spinal

cord, and various ganglia, intermingled with the fibrous nervous sub-

stance, but is never foitnd in the nerves. It is composed, as its name
implies, of vesicles, or corpuscles, commonly called nerve- or ganglion-

corpuscles, containing nuclei and nucleoli; the vesicles being embedded
either in a finely granular substance, as in the brain, or in a capsule of

nucleated cells, as in the ganglia. Each vesicle consists of an exceedingly

delicate membranous wall, enclosing a finely granular material, part of

which is occasionally of a coarser kind, and of a reddish or yellowish-

brown colour. The nucleus is vesicular, much smaller than the vesicle,
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and adherent to some part of its interior. The nucleolus, which is enclosed

within the nucleus, is vesicular in form, of minute size, and peculiarly

clear and brilliant. The neiTe-corpuscles vary in shape and size ; some
are small, spherical, or ovoidal, with an uninterrupted outline. These

forms are most numerous in the ganglia of the sympathetic. Others, called

caudate or stellate nerve-corpuscles, are characterised by their larger size,

and from having one or more tail-like processes issuing from them, which

occasionally divide and subdivide into numerous branches. These pro-

cesses are very delicate, apparently tubular, and contain a similar granular

material to that found within the corpuscle. Some of the processes

terminate in fine transparent fibres, which become lost among the other

elements of the nervoiis tissue ; others may be traced until, after losing their

granular appearance, they become continuous with an ordinary nerve-fibre.

Pig, XXXI.—Human nerve-tuljes, magnified

350 times. Three of tliem are fine, one
of which is varicose , one of middling
thickness, and with a simple contour ; and
three thick, two of which are double con-

tom'ed, and one with grumous contents.

Fig. XXXII.—«, nerve-tube of the com-
mon eel in water. The delicate line

on its exterior indicates the tubular

membrane. The dark double-edged
inner one is the white substance of
Schwann, slightly wi-inliled. b, the

same in ether. Several oil-globules

have coalesced in the interior, and
others have accumulated around the
exterior of the tube. The white
substance has in part disappeared.

Magnified 300 diameters.

The ivhite, otherwise called tubular or fibrous yiervous substance, is found

constituting a great pai't of the brain and spinal cord, almost the whole

of the cerebro-spinal nerves, and a great part of the sympathetic.

The tubes, when perfectly fresh, appear to be homogeneous, but they

soon separate into two parts, the white substance of Schwann and the

axis-cylinder of Purkinje, the whole being enclosed in a membrane—the

tubular membrane* which at first appears structureless, but when stained

with nitrate of silver is seen to consist of nucleated endothelial cells.

The white substance is regarded as being a fatty matter in a fluid state,

* Dr. Beale describes and figm-es cases in which several fibres, some with, others without,

the white substance, are enclosed in a common tubular membrane. See P/iil. Trans., 1862.

Latterly English authors have, unfortunately as I think, followed the German anatomists iu

calling the tubular membrane which ensheaths the individual fibres the 'neurilemma.'

That name should be reserved for the fibrous sheath of the entire nerve, which in the new
nomenclatiu'e is called the ' perinemium.' These useless changes of names only serve to

pei'plex students.
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whicli isolates and protects the essential part of the nerve—the axis-

cylinder. The partial coagulation of this white substance which follows on

cooling gives the nerve-tube, when examined after death, a double contour

—the darker jjart seen on the outside of the axis-cylinder being the white

substance of Schwann. In consequence of the extreme delicacy of the

tubular membrane, even slight pressure will often give nerve-tubes a

varicose outlme, and drops of oil, from the transudation of the fatty

matter, often form outside the tubular membrane. This is, of course,

promoted by the action of ether.

The axis-cylinder constitutes about one-half or one-third of the nerve-

tube, the white substance being greater in proportion in the nerves than

in the central organs. The axis-cjdinder is perfectly transparent, and is

therefore indistinguishable in a perfectly fresh and natural state of the

nerve. It is described by Kolliker 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
it appears for the most part also to agree in its chemical characters. As
ordinarily seen it appears pale and homogeneous, or more rarely finely

granular or striated.

Besides these nerve-fibres, which consist of two distinct parts, others

are found in which only the axis-cylinder can be recognised, surrounded

by its medullary membrane, whdst there are again
Fi"-. XXXin. — A small • -x- J2i -n i> t • •

i i • i

nei-Tous branch from the
^^^^'^ pi'imitive fibrils found 1n various parts which

sympathetic of a mammal, are perfectly destitute of any visible structure,
«, two dark-bordered nerve- ^^^ only recognised as nerves by theii- connec-
tubes among a number of . .

' ^
. . .

'

Eemak's fibres, b. tion with ganglionic cells, or with obvious nerve-

tubes.* They display a great tendency to be-

come varicose on manipulation. The finely

.^^ striated appearance of those nerves, which con-

/\ ' I sist only of the axis-cylinder and its membranous

^ 1 investment, renders it probable that these also are

,

formed of an aggregation of the primitive fibrillae.

Thus three different kinds of white nerve-

fibres are described by recent authorities—viz.,

I. those which consist of the axis-cylinder, en-

sheathed in the white substance of Schwann,

the whole being iiivested by the tubular mem-
///' /

,[ ) \
brane ; 2. those which consist of the axis-cylinder

'ii'^'-- 1 and medullary membrane only ; and 3. the

primitive fibrils, of which it is believed that the

axis-cylinder of the more composite nerves is

made up.f

Most of the nerves of the sympathetic system, and some of the cerebro-

* Schultze (Strieker's Hmidhuch, fig. 17, p. 109) represents these primitive fibrils, both in

their connection with ganglion-cells and with larger nerves. See also below, fig. XL.
t Schultze believes that the primitive fibrils are the essential element of all nerves ; thus,

according to him, the essential difference between the gelatinous and the ordinary nerve-

fibrils consists in the absence from the former of the white substance (medidla) of Schwann,
while the tubular membrane is present. The small nerve-fibres, on the other hand, described

as primitive fibrils or naked axis-cylinders, are either destitute of any investment, or sur-

rounded merely by a structureless basement membrane.

(Ik
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spiual (see especially the description of tlie olfactory nerve, inft-a, p. 501),

consist of a fourth description of nervous fibres*, which are called the grey

or ^eZaimoits nerve-fibres (fibres of Eemak). (Pig. XXXIII.) These consist

of a bundle of finely-granular fibrillffi enclosed in a sheath. Nuclei may be

detected at intei'vals in each fibre, which Schultze believes to be situated

in the sheath of the nerve. In external appearance the gelatinous nerves

are semi-transparent, and grey or yellowish-grey. The individual fibres

vary in size—most of them being of smaller size than in the cerebro-spinal

nerves, so that the average size of the latter is given at ^j-gVo *° 30^00 '^^

an inch, and of the former at only half that size ; but, on the one hand,

the smallest fibrils of the cerebro-spinal system are, as we have seen, of

hardly appreciable thickness ; while, on the other, some of the gelatinous

fibres (especially those in the olfactory bulb) are said to be three or four

times as thick as those of the cerebro-spinal nerves.

Gliemical composition.—The following analysis, by Lassaigne, represents

the relative proportion of the different constituents composing the grey

and white matter of the brain :

—

"Water 85
Albuminous matter

Colourless fat

Red fat

Osmazome aud lactates . . . .

Phosphates .......

It appears from this analysis that the cerebral substance consists of

albumen, dissolved in water, combined with fatty matters and salts. The
fatty matters, according to Fremy, consist of cerebric acid, which is most

abundant, cholesterin, oleophosphoric acid, and olein, margarin, and

traces of their acids. The same analyst states that the fat contained in

the brain is confined almost exclusively to the white substance, and that

its colour becomes lost when the fatty matters are removed. According

to Yauquelin, 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.

With regard to the constitution of the different portions of the nervous

system, the cerebro-spinal axis is composed of the two above-described

kinds of nervous structure, intermingled in various proportions, and

having in the brain a very intricate arrangement, which can only be fully

understood by a careful study of the details of its descriptive anatomy in

the sequel. The grey or vesicular nervous matter is found partly on the

surface of the brain, forming the convolutions of the cerebrum, which

are in the most direct relation to the mental faculties, and the laminee of

the cerebellum, the functions of which are still a matter of dispute. Again,

gi-ey 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 ; the functions of which bodies, so far

as they have been ascertained, have been found to be connected with some

* The real nature of these fibres has been doubted by several authors. It seems better,

however, and more consonant with the prevalent opinion, to describe them as truly nervous.
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of the main organic endowments of the body, such as voluntary motion,

sensation, sight. Finally, grey matter is found intermingled intimately

with the white, and without definite arrangement, as in the corpora

dentata of the medulla and cerebellum, or the grey matter in the Pons

and the floor of the fourth ventricle. Such scattered masses of grey

matter are, in many instances at any rate, connected to all appearance

with the origin of particular nerves. In other situations their use is as

yet uuknown.

The proper nervous matter, both in the brain and spinal cord, is

traversed and supported by a network of fiae connective tissue. This has

been termed by Virchow the neuroglia, and is supposed to be the source of

one of the forms of tumour described by that author under the name of

glioma.

The white matter of the brain is divisible into four distinct classes of

fibres. There are, in the first place, the nerves which arise in the grey

matter, and pass out through the cranial foramina. I^ext, the fibres

which connect the brain vrith 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 cerebrum, chiefly by means of the anterior

pyramids, fasciculi teretes and restiform bodies, passing through the Pons
and crura cerebri to expand into the corpora striata, optic thalami and

convolutions (corona radiata), and, by means of the restiform bodies, into

the cerebellum.

The other two classes 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, the processus e cerebeUo ad testes, &c.)

,

or even difi'erent parts of the same section or organ, as the arciform fibres

of the medulla. Most of these commissures are longitudinal ; while

others—as the corpus callosum and the transverse fibres of the Pons
Varolii—are transverse, serving to connect opposite hemispheres together,

and thus probably securing the single action of a double organ.

The following is Dr. Lockhart Clarke's account of the intimate struc-

ture of the cerebral convolutions :

—

' Most of the convolutions, when properly examined, may be seen to

consist of at least seven distinct and concentric layers of nervous substance,

which are alternately paler and darker from the circumference to the

centre. The laminated structure is most strongly marked at the extremity

of the posterior lobe. In this situation all the nerve-cells are small, but

differ considerably in shape, and are much more abundant in some layers

than in others. In the superficial layer, which is pale, they are round,

oval, fusiform, and angular, but not numerous. The second and dai'ker

layer is densely crowded with cells of a similar kind, .in company with

others that are pyriform and pyramidal, and lie with their tapering

ends either towards the surface or parallel with it, in connection with

fibres which run in corresponding directions. The broader ends of the

pyramidal cells give off two, three, four, or more processes, which run
partly through the white axis of the convolution, and in part horizontally

along the plane of the layer, to be continuous, like those at the opposite

ends of the cells, with nerve-fibres running in different directions. The
third layer is of a much paler colour. It is crossed, however, at right
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angles by narrow and elongated groups of small cells and nuclei of

the same general appearance as those of the preceding layer. These

groups are separated from each other by bundles of fibres, radiating

towards the surface from the central white axis of the convolution, and

together with them form a beautiful fanlike structure. The fourth layer

also contains elongated groups of small cells and nuclei, radiating at right

angles to its plane ; but the groups are broader, more regular, and,

together with the bundles of fibres between them, present a more dis-

tinctly fanlike structui-e. The fifth layer is again paler and somewhat

white. It contains, however, cells and nuclei which have a general

resemblance to those of the preceding layers, but they exhibit only a

faintly radiating arrangement. The sixth and most internal layer is

reddish grey. It not only abounds in cells like those already described,

but contains others that are rather larger. It is only here and there that

the cells are collected into elongated groups, which give the appearance

of radiations. On its tinder side it gradually blends with the central white

axis of the convolution, into which its cells are sca.ttered for some distance.

' The seventh layer is this central white stem or axis of the convolution.

On every side it gives off bundles of fibres, which diverge in all directions,

and in a fanlike manner, towards the surface, through the several grey

layers. As they pass between the elongated and radiating groups of cells

in the inner grey layers, some of them become continuous with the pro-

cesses of the cells in the same section or plane, but others bend round and

run horizontally, both in a transverse and longitudinal direction (in re-

ference to the course of the entire convolution), and with various degrees

of obliquity. While the bundles themselves are by this means reduced in

size, their component fibres become finer in proportion as they traverse

the layers towards the surface, in consequence, apparently, of branches

which they give off to be connected with cells in their course. Those which

reach the outer grey layer are reduced to the finest dimensions, and form

a close network, with which the nuclei and cells are in connection.

' Besides' these fibres which diverge from the central white axis of the

convolution, another set, springing from the same source, converge or

rather curve inwards from opposite sides, to form arches along some of

the grey layers. These arcifbrm fibres run in different planes—trans-

versely, obliquely, and longitudinally—and appear to be partly continuous

vfith those of the diverging set which bend round, as ah-eady stated, to

follow a similar course. All these fibres establish an infinite number of

communications in every direction, between different parts of each con-

volution, between different convolutions, and between these and the

central white substance.'

Dr. Clarke then goes on to describe in detail the minuter differences

which exist between the structure of the convolutions in different parts of

the brain.*

Spinal Cord.—In the spinal cord, on the other hand, the grey matter is

entirely in the interior of the organ, and is collected together into one

central mass, while the whole of the white matter is external, and is

* See Dr. Clarke's summary of lis researches on this suhject in Maudsley on the Patho-

logy and Physiology of Mind, pp. 60-63.
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arranged into tlie various columns and commissures described at p. 467
et sqq. We shall here merely give an account of the intimate structure of

the cord, which is condensed from the researches of Dr. Lockhart Clarke.*

The white substance of the cord consists of transverse, oblique, and lon-

gitudinal fibres, with blood-vessels and connective tissue.

The transverse fibres proceed from the grey substance, and form with

each other a kind of plexus between the bundles of longitudinal fibres,

with which many are continuous ; while others reach the surface of the

cord through fissures containiug connective tissue. "Within the grey

substance they are continuous with the roots of the nerves, with the

processes of the nerve-cells, and with the anterior and posterior com-

missures. The oblique fibres proceed from the grey substance both

upwards and downwards ; they form the deep strata of the white columns,

and, after running a variable length, become superficial. The longitudinal

fibres are more superficial, run nearly parallel with each other, and form

the greater portion of the white columns.

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.

Each lateral half of the grey substance is divided into an anterior and
posterior horn, and the tractus intermedio-lateralis, or lateral part of the

grey substance between the anterior and posterior cornua.

The posterior horn consists of two pai'ts, the caput cornu, or expanded
extremity of the horn (fig. XXXIV.), round which is the lighter space

or lamina, the gelatinous sub-
Fig. XXXIV.—Transverse section of the grey sul>

stance of the spinal cord, near the middle of

the dorsal region. Magnified 1 3 diameters.

J. L. Clarke del.

stance and the cervix cornu,

remaining narrow portion of

JiCmi^

the horn, as far forwards as the

central canal.

The gelatinoits substance

contains along its border a series

of large nerve-cells; but more
internally consists of a stratum

of small cells traversed by trans-

verse, oblique, and longitudinal

fibres. (Figs. XXXV., XXXVI.)
Nearly the whole inner half

of the cervix is occupied bj' a re-

markable and important column
of nerve-cells, called the i^osterior

vesicular column (fig. XXXIV.),
which varies in size and appear-

ance in different regions of the cord, and is intimately connected with

the posterior roots of the nerves.

Within, and along the outer border of the cendx, are several thick

bundles oflongitudinal fibres, represented in fig. XXXIV. by the dark spots
;

other bundles of the same kind maj^ be seen in the grey substance along

the line of junction of the caput with the cervix cornu. (Fig. XXXV.)
* Phil. Trans., 1851-1853, part iii. ; 1858, parti. ; 1859, part i. ; 1862, part ii.
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Fig. XXXV.—Transverse section of the grey substance of the spinal cord througli 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.—J. L. Claeile del.

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.

This is well shown on comparing the

above figui'es.

The tradus intermedio-lateralis (fig.

XXXIV.) extends from the upper part of

the lumbar to the lower pai't of the cervical

enlargement, and consists of variously-

shaped cells, which are smaller than those

of the anterior cornu. In the neck, above

the cervical enlargement, a similar tract

reappears, and is traversed by the lower

part of the spinal accessory nei've.

Origin of the Spinal Nerves in the Cord.—
The posterior roots are larger than the

anterior ; but their component filaments

are finer and more delicate. They are all

attached immediately to the posterior co-

lumns only, and decussate with each other

in all directions through the columns ; but

some of them pass through the grey sub-

stance into both the lateral and anterior

Fig. XXXVI.—Longitudinal section

of the white and grey substance of

the spinal cord, through the middle

of the lumbar enlargement. Mag.

1 4 diam.—J. L. Olaeke del.

Coliami
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columns. Within the grey substance they run longitudinally upwards

and downwards ; transversely through the posterior commissure to the

opposite side ; and into the anterior cornu of their own side. (Figs. XXXV.
XXXVI.)

The anterior roots are attached exclusively to the anterior column, or

rather to the anterior part of the antero-lateral columns, for there is no

autero-lateral_/isswre dividing the anterior from the la.teral column. Within

the gre}^ substance the fibrils cross each other, and diverge in all direc-

tions, like the expanded hairs of a brush (figs. XXXV. XXXVI.), some

of them running more or less longitudinally upwards and downwards

;

and others decussating with those of the opposite side through the anterior

commissure in front of the central canal.

All the fibres of both roots of the nerves proceed through the white

columns into the grey substance, with, perhaps, the exception of some

which appear to run longitudinally in the posterior columns ; but whether

these latter fibres of the posterior roots ultimately enter the grey sub-

stance of the cord, after a very oblique course, or whether they proceed

upwards to the brain, is uncertain.

The Central Canal of the Spinal Cord.—In the foBtus until after the sixth

month, a canal, continuous with the general ventricular cavity of the

brain, extends throughout the entire length of the spinal cord, formed by

the closing-in of a previously open groove.

In the adult, this canal can only be seen at the upper part of the cord,

extending fi-om the point of the calamus scriptorius, in the floor of the

fourth ventricle, for about half an inch down the centre of the cord, where

it terminates in a cul de sac ; the remnant of the canal being just visible

in a section of the cord, as a small pale spot, corresponding to the centre

of the grey commissure : its cavity is lined with a layer of cylindrical

ciliated epithelium. In some cases, this canal remains pervious through-

out the whole length of the cord.

The Ganglia may be regarded as separate and independent nervous

centres, of smaller size and less complex structure than the brain, con-

nected with each other, with the cei-ebro-spinal axis, and with the nerves

in various situations. They are found on the posterior root of each of the

spinal nerves ; on the posterior or sensor}' root of the fifth cranial nerve
;

on the facial nerve ; on the glosso-pharyngeal and pneumogastric nerves
;

in a connected series along each side of the vertebral column, forming the

trunk of the sympathetic ; on the branches of that nerve, and at the point

of junction of those branches with the cerebro-spinal nerves. On section,

they are seen to consist of a reddish-grey substance, traversed by numerous
white nerve-fibres : they vary considerably in form and size; the largest

are found in the cavity of the abdomen ; the smallest, not visible with

the naked eye, exist in considerable numbers upon the nerves distributed

to the different viscera. The ganglia are invested by a smooth and firm

closely-adhering membranous envelope, consisting of dense areolar tissue

;

this sheath is continuous with the neurilemma of the nerves, and sends

immerous processes into the interior of the ganglion, which support the

blood-vessels supplying its substance.

In structure, all ganglia are essentially similar, consisting of the same
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structural elements as the other nervous centres—viz., a collection of

vesicular nervous Tncdter, traversed by tubular and gelatinous nerve-fibres.

The vesicular nervous matter consists of nerve-cells or ganglion-globules,

most of which appear free, and of a round or oval form : these are more
especially seated near the surface of the ganglion ; others have caudate

processes, and give origin to nerve-fibres. In the ganglion, the nerve-cells

are usually enclosed in a capsule of granular corpuscles and fibres. The
tubular nerve-fibres run through the ganglion, some being collected into

bundles, while others, separating from each other, take a circuitovis course

among the nerve-cells before leaving the ganglion.

The Nerves are round or flattened cords, which are connected at one

end with the cerebro-spinal centre or with the ganglia, and are distributed

at the other to the various textures of the body : they are subdivided into

two great classes, the cerebro-sj)inal, which proceed from the cerebro-

spinal axis, and the sympathetic or ganglionic nerves, which j^roceed from

the ganglia of the sympathetic.

The Cerebro-spinal nerves consist of numerous nerve-fibres, collected

together and enclosed in a membranous sheath. 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 or fasciculi
;

and are bound together in a common membranous investment, termed the

sheath. In structure, the common sheath investing the whole nerve, as

well as the septa given off from the sheath, and which separate the

fasciculi, consist of areolar tissue, composed of white and yellow elastic

fibres, the latter existing in greatest abundance. The tubular sheath of

the funiculi, or neurilenoma [perineurium of later German authors), consists

of a fine, smooth, transparent membrane, which may be easily separated,

in the form of a tube, from the fibres it encloses ; in structure, it is for

the most part a simple and homogeneous transparent film, occasionally

composed of numerous minute reticular fibres.

The cerebro-spinal nerves consist almost exclusively of the tubular

nerve-fibres, the gelatinous fibres existing in very small proportion.

In the tubular nerve-fibres Eanvier has lately pointed out a peculiar

arrangement, brought into view by the action of osmic acid, and to which

the name of the nodes of Ranvier is given. The axis-cylinder and the

medullary substance are stained black by the reagent, while the tubular

sheath is unstained. Each fibre, when so treated, is seen to be interrupted

at regular intervals by a break in the white substance of Schwann, and

at these breaks or nodes the tubular membrane seems to turn in and

invest the axis-cylinder, which runs uninterrupted across the break. A
nucleus is also thus brought into view in the centre of each segment of the

nerve, lying in the tubular sheath.

The blood-vessels supplying a nerve terminate in a minute capiUarj'

plexus, the vessels composing which run, for the most part, parallel with

the funiculi ; they are connected together by short transverse vessels,

forming narrow oblong meshes, similar to the capillary system of muscle.

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
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separating a nerve, however, into its component funiculi, it may be seen

that they do not pursue a perfectly insulated course, but occasionally join

at a very acute angle with other funiculi proceeding in the same direc-

tion; from which again branches are given off to join again in like

manner with other funiculi. It must be remembered, however, that in

these communications the nerve-fibres do not coalesce, but merely pass

into the sheath of the adjacent nerve, become intermixed with its nerve-

fibres, and again pass on to become blended with the nerve-fibres in some
adjoining fasciculus.

Nerves, in their course, subdivide into branches, and these frequently'-

communicate with branches of a neighbouring nerve. In the subdivision

of a nerve, the filaments of which it is composed are continued from the

trunk into the branches, and at their junction with the branches of

neighbouring nerves the filaments pass to become intermixed with those

of the other nerve in their further progress ; in no instance, however,

have the separate nerve-fibres been shown to inosculate.

The communications which take place between two or more nerves

form what is called a plexus. Sometimes a plexus is formed by the

primary branches of the trunks of the nerves, as the cervical, brachial,

lumbar, and sacral plexuses, and occasionally by the terminal fasciculi, as

in the plexuses formed at the periphery of the body. In the formation of

a plexus the component nerves divide, then join, and again subdivide in

such a complex manner that the individual fasciculi 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 the smaller plexuses at the periphery of the body, there

is a free interchange of the fasciculi and primitive fibrils. In each case,

however, the individual filaments remain separate and distinct, and do

not inosculate with each other.

It is probable that, through this interchange of fibres, the different

branches 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 other nerves. Consequently, the parts

supplied by these nerves have more extended relations with the nervous

centres ; by this means, also, groups of muscles may be associated for

combined action.

The Sympathetic nerve consists of tubular and gelatinous fibres, inter-

mixed with a varying proportion of filamentoiTS areolar tissue, and enclosed

in a sheathformedoffibro-areolar tissue. (Fig. XXXIII.) The tubularfibres

are, for the most part, smaller than those composing the cerebro-spinal

nerves ; their double contonr is less distinct, and, according to Eemak,
they present nuclei similar to those found in the gelatinous nerve-fibres.

Those branches of the sympathetic which present a well-marked grey

colour are composed more especially of gelatinous nerve-fibres, intermixed

with a few tubular fibres ; whilst those of a white colour contain moi-e of

the tubular fibres and a few gelatinous. 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 between the ganglia.

The nerve-fibres, both of the cerebro-spinal and sympathetic system.
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convey impressions of a twofold kind. The sensory nei-ves, called also

centrijyetal or afferent nerves, transmit to the nervous centres impressions

made upon the peripheral extremities of the nerves, and in this way the

mind, through the medium of the brain, becomes conscious of external

objects. The motor 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 con-

tractions, or influencing the processes of nutrition, growth, and secretion.

Terminations of Nerves.—By the expression ' the termination of nerve-

fibres ' is signified their connections with the nerve-centres and vritli the

parts which they supply. The former are called their central, the latter

t\iQvc peripheral ievmmaXiows. With regard to the central terminations

of the nerves, little is as yet certainly known.* The nerve-cells, or

nerve-corpuscles, above figured, have been regarded as the central origin

of the fibres with which they are connected ; and it is very probable that

in many cases they are so. There are instances, however, in which such

cells occur as mere nucleated swellings in the course of a nerve, and in

these cases they obviousl}'^ cannot be regarded as being in any sense the

origins of the nerves. In other cases, as in the nerve-cells in the anterior

horn of the grey matter of the cord, there are numerous processes

springing out of the cell ; one of these (and, according to Deiters, one

only) is recognised as an axis-cylinder ; the others are fibrillse, which

are continuous with similar fibrillse, of which under high powers the

apparently granular contents of the cell are found to be composed, and

which apj)ear, therefore, simply to run through the cell. The fibrillse

may be, and probably are, primitive nervous fibrils, but they are so

delicate that it has not as yet been found possible to ascertain their

destination. With regard also to the axis-cylinder which is seen pro-

ceeding out of the ganglionic corpuscle, although it is highly probable

that it originates in that corpuscle, the fact has not been proved— nor has

its relation to the nucleus of the corpuscle been demonstrated. In fine,

all that is known on the subject is, that many of the fibrillse and axis-

cylinders can be shown either to originate in or to pass through ganglionic

corpuscles (or nerve-cells), and other nerves can be shown to contain such

nerve-cells in their interior at certain parts of their course. But whether

in the case of such connection in one of the central organs the cell is to be

regarded as the origin of the nervous fibril, or whether the fibril merely

passes through the cell (as some observers believe), just in the same manner
as nerves pass through ganglia, has not been determined. If the latter

view be correct, it may be that nerves have really no central termination,

but that their fibrils start from their peripheral distribution, travel to the

nervous centre, are there brought into connection with the nerve-cells,

and thence return to their distribution. However, in the present state of

anatomical knowledge, the more probable opinion seems to be that which

is usually entertained : viz., that each nerve-fibre is connected somewhere

with a ganglionic corp)uscle which is to be regarded as its central termi-

* One of tlie most recent and most distinguished observers on this subject, Max Schultze,

speaks thus :
' In the present state of our knowledge, we are not in a position to assign its

central origin to any single primitive flbiil of the nervous system, however certainly we may
have discovered the peripheral terminations of a great part of them.'—Schultze, in Strieker's

Hcmdhuch, 1868, p. 134.
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nation or origin. Dr. Beale asserts that even in those ganglion-cells,

which appear either altogether destitute of processes, or unipolar, numerous

fibres can be seen proceeding out of them if the proper reagents be used

and very high powers employed.

The peripheral connections, or terminations of the nerve-fibres, are

somewhat more easy to ascertain, though even as to these a great differ-

ence exists with respect to minute details. They are usually and natu-

rally studied in the sensory and motor nerves separately.

Sensory nerves sometimes terminate in minute plexuses iu the subcuta-

neous or submucous areolar tissue. Dr. Sharpey says that he has seen

the ultimate fibres of these minute plexuses come into close contact with

the connective-tissue corpuscles, but has not been able to trace any

distinct connection between them. Frey has lately described and figured

.

a large number of microscopic ganglia on this submucous nervous plexus.

Similar ganglia were long ago described by J. Miiller in the corpora caver-

nosa, and they maj' apparently be met with in many other parts.

The white substance of Schwann and the tubular sheath usually dis-

appear as the nerve approaches its termination, leaving only the axis-

cylinder invested by its proper basement-membrane, on which nuclei can

be seen at intervals, and in many cases the axis-cylinder itself breaks up

into the primitive fibrils. In some parts, however, the fibres appear to be

enclosed up to their termination iu a sheath which is either a prolongation

of the neurilemma or a continuation of the tubular membrane. The
differences of opinion prevailing on the question of the ultimate distribu-

tion of the nerve-fibres depend on their extreme delicacy and the conse-

quent great difficulty of following individual fibres iu contiiauity. Tleuce

what some observers describe as a free end in which the nerve terminates,

others regard as merely a bending of the fibre where it becomes lost to

sight, or a spot where it is lost sight of in consequence of the power used

being too low, or from difiiculty in focussing. These ultimate fibres, it

should be remembered, are structureless, and can therefore only be recog-

nised positively as nervous by their continuity with a nerve of more

complex structure.

In the papillse of the skin, or mucous membrane, and on the surface of

various membranes (conjunctiva, mesentery, &c.), three different kinds of

terminal oi'gans have been found connected with the nei-ves ; viz., the end-

bulbs of Krause, the tactile corpuscles of Rudolph Wagner, and the

Pacinian corpuscles.

The end-bulbs of Krause are small capsules of connective tissue, in

which nuclei can be detected by reagents, and in which one or more
nerve-fibrils terminate either in a coiled plexiform mass or in a bulbous

extremity. They have been described as occurring in the conjunctiva,

the mucous membrane of the mouth, and the surface of the glans penis

and glans clitoridis.*

The tactile corpuscles of Wagner (fig. XXXVII.) are described by

him as oval-shaped bodies, made up of superimposed saccular laminae,

presenting some resemblance to a miniature fir-cone, and he regarded

them as directly concerned in the sense of touch. KoUiker considers

* l\.ya,\\se, Die terminahn Koiyerclien, i860. Anatomische Untersuchungen, l86l.
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tliat the central part of the papillae generally consists of a connective

tissue more homogeneous than that of the outer part, surrounded by a

sort of sheath of elastic fibres, and he believes that these corpuscles are

merely a variety of this structure. The nerve-fibres, according to this

observer, run up in a waving course to the corpuscle, not penetrating it,

but forming two or three coils round it, and finally join together in loops.

Fig. XXXVII.—A, Side view of a papilla of

the hand, a, cortical layer ; b, tactile cor-

puscle, with transver.se nuclei ; c, small

nerve of the papilla, with neurilemma ; d,

its two nervous fibres running with spiral

coils around the tactile corpuscle
; e, ap-

parent termination of one of these fibres.

B, A tactile papilla seen from above, so as

to show its transverse section, a, cortical

layer ; b, nerve-fibre ; c, outer layer of the

tactile body, with nuclei ; d, clear interior

substance. From the human subject,

treated with acetic acid. Magnified 350
times.

Fig. XXXVIII.—Pacinian corpuscle
with its system of capsules and central

cavity, a, arterial twig, ending in

capillaries, which form loops in some
of the intercapsular spaces, and one
penetrates to the central capsule ; b,

the fibrous tissue of the stalk pro-

longed from the neurilemma; «,
nerve-tube advancing to the central

capside, there losing its white sub-
stance, and stretching along the axis

to the opposite end, where it is fixed

by a tubercular enlargement.

These bodies are not found in all the papillge ; 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 papilla of other tactile parts shows that they are not essential

to this sense.

The Pacinian corpuscles* (fig. XXXVIII.) are found in the human
subject chiefly on the nerves of the fingers and toes, lying in the subcuta-

neous cellular tissue ; but they have also been described by Eauber as

connected with the nerves of the joints, and with the nerves lying between

* Often called in German anatomical works 'corpuscles of Vater.'
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many of the muscles of the trunk and limbs. Each of these corpuscles is

attached to and encloses the termination of a sinj^le nerve. The corpuscle,

which is perfectly visible to the naked eye (and which can be most easily

demonstrated in the mesentery of a cat), consists of a number of concentric

layers of cellular tissue, between which Todd and Bowman have figured

capillary vessels as running. The nerve, at its entrance into this body,

parts with its white substance, and the axis-cylinder runs forwards in a

Irind of cavity in the centre of the corpuscle to terminate in a rounded end

or knob, sometimes bifurcating previously, in which case each branch has

a similar termination. Grandry, who has examined these corpuscles wi^h.

very high magnifying powers, describes the axis-cylinder as exhibiting a

very well marked fibrillar structure, and the bulbous end as consisting of

a mass of granules iiato which the fibrils run, diverging as they approach

it. The investing capsules are from thirty to sixty in number, the outer

being more separated from each other, as if by a clear fluid, while the

inner are closely applied together. Schultze calls attention to the striking

resemblance in all essential particulars between these corpuscles and

Krause's end-bulbs above described.*

In the special organs the nerves end in various ways, which hitherto

are not perfectly known.

Hoyer and Cohnheim have described the nerves of the cornea as ter-

minating in primitive fibrillse, which run between the cells forming the

pavement-epithelium of that membrane, and end on its free surface.

This, however, is doubted by Hulke,t who has only succeeded in

tracing them as far as the middle tier of the epithelial cells. Schultze

discovers in the olfactory mucous membrane, lying between the cells

of its epithelium, spindle-shaped cells, each possessing a central and
a peripheral process—the central process being, according to him, con-

tinuous with a primitive fibril of the olfactory nerve, and the peripheral

process either ending on the free surface of the epithelium, as is the case

in men, mammals, and fishes, or, as in some other animals, prolonged into

a long stiff hair. These cells he has denominated ' olfactory cells
;

' and
similar cells have been described by Axel Key, Schwalbe, and Loven, in

the papillse circumvallatEe of man, and the fungiform papillae of the frog

('taste-cells'). The fibres also of the optic nerve have, according to

Schultze, a similar connection with the cells (' sight-cells ') of the

retina; and cells somewhat similar, and connected with processes

that pass through the epithelium, are to be found on the nerve

fibrils of the auditor}' nerve, in the membranous labyrinth (' hearing-

cells ').

The termination of the nerves in the hair-bulbs is probably to be

found in the papillae at their root, as is also the case in the teeth. In

glands the nerves, according to Pfliiger, are connected with the caecal

commencements of the gland-tubes—at least he has described this

arrangement in the salivar}-- glands, and thus he is led to regard the nuclei

of these caecal pouches as the terminations of the nerves.

Motor nerves are to be traced either into unstriped or striped fibres.

In the unstriped fibres it appears from the researches of Beale, Fran-

* Strickei:'s Handbuch, -p. 123.

t Lectures on the Histology of the Eye, at the Royal College of Surgeons, June 1 869.
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kenliiiuser, and Julius Arnold, that the ultimate fibi-ils of the nerves form

plexuses at the junctions of whose branches small nuclear bodies are

situated. These nuclei are regarded by Arnold as the real terminations

of the nerves; for although he agrees with Frankenhauserin stating that the

nervous filaments penetrate the muscular fibres, and enter into relation with

the granular contents of their nuclei, he traces the filaments back again from

that point to the nuclei situated at the junctions of the nervous plexuses,

in the connective tissue of the muscular fibres.

In the voluntary muscles Beale and Kolliker have described the nerve-

fibres as terminating either in a plexiform arrangement, or (according to

the latter author) sometimes in free ends between the muscular fibres

external to the sarcolemma. Latel}^ another method of termination, which

had been formerly described, has received the support of numerous

eminent authorities—viz., the ' 'motorial end-plates' of Kiihne, or ' nerve-

hillocks ' (nerve-tufts) of Doyere.

The latter author had described, nearly thirty years ago, a connection

between the nervous and muscular fibres in some of the lower animals,

consisting in an elevation at the point of junction of the two, whei-e the

sarcolemma of the muscular fibre became blended with the tubular

membrane of the nerve. This has been since so far confirmed by sub-

sequent researches that it seems well to figure, from the most recent

author, Kiihne, what he supposes to be the termination of all motor

nerves of voluntary muscles. The following is Kiihne's description of the

method of connection :

—

' In all striped muscles the nerves tei'minate below the sarcolemma

—

the tubular membrane being blended with the sarcolemma. The white

Fig. XXXIX.—Muscular fibres of Lacerta viridis with tlie terminations of nerves.

a, seen in profile ; p p, the nerve-end-plates ; s s, the base of the plate, consisting of a
granular mass with nuclei, b, the same as seen in looking at a perfectly fresh fibre, the

nervous ends being probably still excitable. (The forms of the variously-divided plate can
hardly be represented in a woodcut by sufficiently delicate and pale contours to reproduce
correctly what is seen in nature.) c, the same as seen two hours after death from poisoning

bj cuiaie

substance accompanies ihe axis-cylinder as far as this point. The ending

of the axis-cylinder always represents an expansion with a considerably

increased surface, and this is constantly formed by its branching out on a

flat plate. This nerve-end-plate is sometimes more like a membrane, at

others like a system of fibres. In most cases the plate rests upon a base
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of granules and finely-granular protoplasm ; in other cases, there is no

such support, and the nerve-plates then possess the so-called nerve-end-

bulbs. The ends of the nerves never penetrate the interior of the con-

tractile cylinder, nor does the plate ever embrace the whole circumference

of the cylinder. Short muscular fibres generally have only one nerve-end,

while longer fibres have several.'

It is right, however, to state that the most eminent English authority

on this subject entirely denies the desci-iption above given, and ex-

plains the appearances, figured by Kiihne and others, in a different

manner. In a very interesting paper by Dr. Beale, published in 1 867,*

Fig. XL.—Terminations of motor nerves, according to Beale. I, nerve-tuft on the

sarcolemma of a muscular fibre ; chameleon. Kerve-flbres are seen passing uut of as Tvell

as into the tuft. 2, nerve-fibres distributed to elementary muscular fibre ; chameleon,

X 3000, and reduced half. Tliis is a very simple form of ' nerve-tuft,' clearl3' external to

the sarcolemma. 3, the intimate structure of a very simple ' nerve-tuft ' on a muscular

fibre of the chameleon. It will be observed that the nerve-fibres are continuous through-

out, and that the whole is on the siu'face of the sarcolemma, x 3000. This ' uerve-tuft

is, as it were, but a compound network.

he endeavours to show that the nerve-hillocks of Doyere are merely

accidental elevations produced by the sarcolemma being drawn up in a
cone, as the nerve which is attached to it is stretched by the manipula-

* On Anatomical Controversy. Beale's Arc/iives, iv. i5i.
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tion of the observer ; and with reference to the end-jjlates of Kiihne, he

asserts that by his own method of examiuation he is able to follow the

nerve-fibrils much beyond the point at which that author describes them
as terminating. The appearance of their penetrating the sarcolemma he

regards as an optical illusion, and the nuclei shown in the above figures

are, according to him, situated outside of the muscular fibres on the

point of junction of the fibrils which form the intricate and extensive

plexus in which the nerves terminate, so that the nerves nowhere termi-

nate in free ends, nor at any definite part of the fibre ; but, on the con-

trary, surround every point of the latter with a very close interlacement.

By the kindness of Dr. Beale we are enabled to reproduce some of the

figures representing jDreparations which he exhibited to the British Medical

Association at Oxford in 1868, in illustration of this view.

THE VASCULAR SYSTEM.

The Vascular System, exclusive of its central organ, the Heart, is

divided into four classes of vessels—the Arteries, Capillaries, Veins, and

Lymphatics—the minute structure of which we ^vill 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.

Structure of Arteries.—The arteries are composed of three coats

:

internal serous, or epithelial coat [tunica intima of KoUiker), middle

fibrous or circular coat, and external cellular coat, or tunica adventitia.

The two inner coats together are very easily separated from the

external, as by the ordinary operation of tying a ligature on the artery.

If a fine string be tied forcibly upon an artery, either before or after

death, and then taken off, the external coat will be found uninjured, but

the interna] coats are divided in the tracK of the ligature, and can easily

be further dissected from the outer coat. The inner coat can be separated

from the middle by a little maceration.

The inner coat consists of— i. a layer of pavement-epithelium, the cells

of which are polygonal, oval, or fusiform, and have very distinct nuclei.

This epithelium is brought into view most distinctly by staining with

nitrate of silver. 2. This epithelium rests upon a layer of longitudinal

elastic fibres, in which, under the microscope, small elongated apertures

are seen, and which was therefore called by Henle the fenestrated

membrane. This layer is marked with numerous reticulations ; it is per-

fectly smooth when the artery is distended ; but when empty, presents

longitudinal and transverse folds. The fenestrated membrane can often

be separated into more than one layer.

In arteries of less than a line in diameter, the internal coat consists of

two layers, as above described; but in middle-sized arteries, several

lamellae, composed of elastic fibres and connective tissue, are interposed

between the epithelial and middle coats. In the largest arteries, the

inner coat is usually much thickened, especially in the aorta ; and consists

of a homogeneous substance, occasionally striated or fibrillated, traversed

by longitudinal elastic networks which are very fine in the lamellae

immediately beneath the epithelium, but increase in thickness from
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within outwards. The internal and middle coats are separated by either

a dense elastic reticulated coat, or a true fenestrated membrane.

The middle coat is distinguished from the inner by its colour, and by

the transverse arrangement of its fibres, in contradistinction to the longi-

tudinal direction of those of the inner coat. In the largest arteries, this

coat is of great thickness, of a yellow colour, and highly elastic ; it

diminishes in thickness and becomes redder in colour as the arteries

become smaller; becomes very thin, and finally disappears. In small

arteries, this coat is purely muscular, consisting of muscular fibre-cells

(fig. XXVIII.), united to form lamellte which vary in number according

to the size of the artery, the very small arteries having only a single layer,

and those not larger than xV*^ ^f a line in diameter, three or four layers.

Fig. XLI.—An artery from the mesentery of a child, "062"', and 6, vein •067"', in dia-

meter, treated with acetic acid nnd magnified 350 times, a, tunica adventitia, with elon-

gated nuclei. 8, nuclei of the contractile fibre-cells of the tunica media, seen partly from
i;he surface, partly apparent in transverse section, y, nuclei of the epithelial cells. 8,

elastic longitudinal fibrous coat.

^z-

In arteries of medium size, this coat becomes thicker in proportion to the

size of the vessel ; its layers of muscular tissue are more numerous, and

intermixed with numerous fine elastic fibres which unite to form broad-

meshed networks. In the larger vessels, as the femoral, superior mesen-

teric, cceliac, external iliac, brachial, and popliteal arteries, the elastic

fibres unite to form lamellae, which alternate with the layers of muscular

fibre. In the largest arteries, the muscular tissue is only slightly de-

veloped, and forms about one-third or one-fourth of the whole substance

of the middle coat ; this is especially the case in the aorta, and trunk of

the pulmonary artery, in which the individual cells of the muscular layer

are imperfectly formed ; while in the carotid, axillary, iliac, and sub-

clavian arteries, the muscular tissue of the middle coat is more developed.

The elastic lamellae are well marked, may amount to fifty or sixty in

number, and alternate regularly with the layers of muscular fibre. They

are most distinct, and arranged with most regularity, in the abdominal

aorta, innominate artery, and common carotid.
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The external coat consists mainly of connective tissue, and contains

elastic fibres in all but the smallest arteries. In the largest vessels, the

external coat is relatively thin ; but in small arteries, it is as thick, or

thicker, than the middle coat. In arteries of the medium size, and above

it, the external coat is formed of two layers, the outer of which consists

of connective tissue, containing an ii-regular elastic network, while the

inner is composed of elastic tissue only. The inner elastic layer is very

distinct in the carotid, femoral, brachial, profunda, mesenteric and coeliac

arteries, the elastic fibres being often arranged in lamellae. In the smaller

arteries, the former layer of mixed connective tissue and elastic fibres

composes the whole of the external tunic ; while in the smallest arteries,

just above the capillaries, the elastic fibres are wanting, and the con-

nective tissue of which the coat is composed becomes more homogeneous

the nearer it approaches the capillaries, and is gradually reduced to a

thin membranous envelope, which finally disappiears.

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 canal, the difference depending on the greater thinness of

the external and middle coats.

The arteries, in their distribution throughout the body, are included in

a thin areolo-fibrous investment, which forms what is called their sheath.

In the limbs, this is usually formed by a prolongation of the deep fascia

;

in the upper part of the thigh, it consists of a continuation downwards
of the transversalis and iliac fasciffi of the abdomen ; in the neck, of a

prolongation of the 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 sheaths.

All the larger arteries are supplied with blood-vessels like the other

organs of the body ; they are called vasa vasorwn. 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 and middle coats, and, according to

Arnold and others, supply the internal coat. Minute veins serve to return

the blood from these vessels ; they empty themselves into the venae

comites in connection with the artery.

Arteries are also provided 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, the smaller

branches being usually accompanied by single filaments. Microscopists

are not absolutely agreed as to the mode of termination of the vascular

(or vasomotor) nerves. Frey, following Arnold, has figured an intricate

plexus of simple fibres ramifying among the muscular fibre-cells of an

artery in the frog, and Dr. Beale has described minute ganglia seated on

the ultimate fibres. According to KoUiker, the majority of the arteries

of the brain and spinal cord, those of the choroid and of the jilacenta, as

well as many arteries of muscles, glands, and membranes, are unprovided

with nerves.
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The Capillaries.—The smaller arterial branches (excepting those of the

cavernous structures of the sexual org-ans, 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

{capillus, '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 -~Q_tli of an inch. The smallest are

those of the brain, and the mucous membrane of the intestines ; the

largest, those of the skin, and the marrow of bones.

The form of the capillary net varies in the different tissues, being

modifications chiefly of rounded or elongated meshes. 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

;

the meshes being 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 or 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 papillse of the tongue and skin.

The number of the capillaries, and the size of the meshes, determine

the degi'ee of vascularity of a part. The closest network, and the

smallest interspaces, are found in the lungs and in the choroid coat of

the eye. In the liver and lung, 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 which form them; and in the brain from eight to ten times as

large as the capillaries, in their long diameter, and from four to six

times as large in their transverse diameter. In the cellular coat of the

arteries, the width of the meshes is ten times that of the capillary

vessels. As a general rule, the more active the function of an organ is,

the closer is its capillary net, and the larger its supply of blood, the

network being very narrow in all growing jjarts, in the glands, and

in the mucous membranes ; wider in bones and ligaments, which are

comparatively inactive ; and nearly altogether absent in tendons and carti-

lages, in which very little organic change occurs after their formation.

Structure.—The walls of the capillaries consist of a fine, transparent,

homogeneous membrane, in which are embedded, at intervals, minute oval

corpuscles. When stained with nitrate of silver, the edges which bound

the epithelial cells are brought into view (fig. XLII.) . These cells are of large

size, of an irregular polygonal or fusiform shape, each containing one of the

nuclei seen before the application of the reagent. The whole capillary

wall seems formed of these cells. Between their edges, at various points

of their meeting, roiindish dark spots are sometimes seen, which have

been described as stomata, and have been believed to be the mechanism
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J.-1 p Fig. XLII. — Capillaries

from the mesenteiy of a

guinea-pig after treat-

ment vfitii solution of

nitrate of silver. a,

cells. 6, their nudei.

bv whiet fluid transudes from and possibly into the vessel. But this

view, though probable, is not universallr accepted.

In manv situations a delicate sheath or envelope of fine connective

tissue is found around the simple capillary tube

;

and in other places, especially in the gland

capillaries are invested -nith retiform lymphatic

tissue.

In the largest capillaries (which ought perhaps

to be described rather as the smallest arteries) traces

of an epithelial lining and of circular transverse

fibres are to be seen.

l"e!/)^ are composed of three coats, internal,

middle, and external, as the arteries are : and these

coats are, with the necessary modifications, analogous

to the coats of the arteries—the internal being the

epithelial, the middle the fibrous, and the external

the connective or areolar. The main difference

between the veins and the arteries is in the com-

parative 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 of nucleated connective

tissue, separable into two layers, the out«r of which is the thicker, the

fibres of both being longitudinal. The interior thinner layer of nucleated

tissue is regarded by KoUiker as the analogue of_the middle coat. In

the veins next above these in size (one-fifth of a line, according to

Eolliker) 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 middle-sized veins, the typical structm-e of these vessels becomes

clear. The epithelium is of the same character as in the arteries, but its

cells are more ovaL less fusiform. It is supported by one or more layers

of nucleated fibrous tissue, arranged longitudinally, and external to this is

a layer of elastic fibrous tissue. This constitutes the inte-mal coat. The
middle coat is composed of a thick inner layer of connective tissue with

elastic fibres, having intermixed in some veins a transverse layer of

muscular fibres ; and an outer layer consisting of longitudinal elastic

lamellae, varying from five to ten in number, alternating with layers of

transverse muscular fibres and connective tissue, which resembles some-

what in structure the middle coat of large arteries. The ouier coat

is similar in all essential respects to that of the arteries. In the

large veins, as in the commencement of the vena portBe, in the upper

part of the abdominal portion of the inferior vena cava, and in the

large hepatic trunks within the liver, the middle coat is thick, and its

structure similar to that of the middle coat in medium-sized veins ; but

its muscular tissue is scantv. and the lonsitudinal elastic networks less
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distinctly lamellated. The muscTilar tissue of this coat is best marked in

the splenic and portal veins ; it is ahsent in certain parts of the vena cava

below the liver, and wanting in the subclavian vein and terminal parts of

the two cavge.

Fig. XLIIL—Finest vessels on the arte-

rial side. I, smallest artery. 2, transi-

tion TesseL 3, coarser capillaries. 4,

finer capillaries. a, structorelea

membrane still svitli some nuclei, repre-

sentative of the tunica adventitia: h,

nuclei of the muscular fibre-cells ; c,

nuclei •svithin the small artery, perhaps

appertaining to an epithelium ; d, nuclei

in the transition vessels. From the

human brain. Magnified 300 times.

Fig. XUV.—An artery, •01'",

and h, a vein, 'Oij", from the

mesentery of a child, mi-
nified 350 times, and treated

with acetic acid. The let-

ters as in F%. XT.T. e,

the tunica media of the

vein, consisting of nucleated

connective tissue.

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 mus-

cular fibres. This is most distinct in the hepatic part of the inferior vena

cava, and at the termination of this vein in the heart ; in the trunks of

the hepatic veins ; in all the large trunks of the vena portee ; in the

splenic, superior mesenteric, external iliac, renal, and azygos veins.

Where the middle coat is absent, this muscular layer extends as far as the

inner coat. 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 tissues is found external to the muscular fibres.

All the large veins which open into the heart are covered for a short

distance by a layer of striped muscular tissue continued on to them from the

heart.

Muscular tissue is wanting in the veins— i . Of the maternal part of the

placenta. 2. Inmost of the cerebral veins and sinuses of the dura mater.

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
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the above-mentioned parts consist of an internal epithelial lining, sup-

ported on one or more layers of areolar tissue.

Most veins are provided with valves, which serve to prevent the reflux

of the blood. They ai-e formed by a reduplication of the inner and part

of the middle coat, and consist of connective tissue and elastic fibres,

covered on both surfaces bj' epithelium ; 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 intercepted. 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 small

branches ; occasionally there are three, and sometimes only one. The
wall of the vein immediately above the point of attachment of each seg-

ment of the valve is expanded into a pouch or sinus, which gives to the

vessel, when injected or distended with blood, a knotted appearance.

The valves are very numerous in the veins of the extremities, especially

of the lower extremities, these vessels having to conduct the blood against

the force of gravity. They are absent in the very small veins, also in the

veuBe cava3, the hepatic vein, portal vein and its branches, the renal,

uterine, and ovarian veins. A few valves are found in the spermatic

veins, and one also at their point of junction with the renal vein and

inferior cava in both sexes. 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 destitute of valves. They are occasionally

found, few in number, in the vense azygos and intercostal veins.

The veins are supplied with nutrient vessels, vasa vasorum, like the

arteries ; but nerves are not generally found distributed upon them. The

only vessels upon which they have at present been traced are t])e sinuses

of the dura mater ; on the spinal veins ; on the vense cavse ; on the

common jugular, iliac, find crui'al veins ; and on the hepatic veins

(Kolliker).

The lym.'phatic vessels, like arteries and veins, are composed of three

coats. The internal is an epithelial and elastic coat. It is thin, trans-

parent, slightly elastic, and I'uptures sooner than the other coats. It is

composed of a layer of elongated epithelial cells, supported on a simple

network of elastic fibres. The middle coat is composed of smooth

muscular and fine elastic fibres, disposed in a transverse direction. The
external, or areolar-fibrous coat, consists of filaments of the areolar tissue,

intermixed with smooth mugcular fibres, longitudinally or oblicpely

disposed. It forms a protective covering to the other coats, and serves to

connect the vessel with the neighbouring structures.

The lymphatics are siipplied by nutrient vessels, which are distributed

to their outer and middle coats; but no nerves have at present been

traced into them.

The lymphatics are very generally provided with valves, which assist

materially in effecting the circulation of the fluid they contain. These
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r. XLV.—Transverse section

through the coats of the

thoracic duct of man. JMag-

nilied 30 times. «, Epithe-

lium, striated lamellas, and
inner elastic coat ; h, longitu-

dinal connective tissue of the

middle coat ; c, transverse

muscles of the same ; d, tu-

nica adventitia, with e, the

lonfritudinal muscular flhres.

valves are foi'med of a thin layer of fibrous tissue, lined on both surfaces

with scaly epithelium. 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 occasion-

ally 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. In

other cases, the semilunar flaps have been

found directed transversely across the vessel,

instead of obliquely, so as to impede the

circulation in both directions, but not to

completelj' arrest it in either; or the semi-

lunar flaps, taking the same direction, have

been found united on one side, so as to form, by their union, a transverse

septum, having a partial transverse slit ; and sometimes the flap is consti-

tuted of a circular fold, attached to the entire

circumference of the vessel, and having in

its centre a circular or elliptical aperture,

like the ileo-CEEcal valve.

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 pouch or sinus,

which gives to these vessels, when distended,

the knotted or beaded appearances which

they present. Valves are wanting in the

vessels composing the plexiform network in

which the lymphatics usually originate on
the surface of the body.

The finest visible lymphatic vessels form

a plexiform network in the subcutaneous

and submucous tissues, and this is properly

regarded as one method of their commence-
ment. But the lymphatics have also other

modes of origin, for the intestinal lacteals

commence by closed extremities (fig.

c
^ 345, p. 636), and it seems now to be

-j^^ " conclusively proved that the serous mem-
branes present stomata, or openings be-

tween the epithelial cells, by which there is an open communication with

the lymphatic system, and through which the lymph is thought to be

Fig. XLVI.— I, epithelium from
the under surface of the centrum

iendineuin o( the rabbit ; a, pores.

2, epithelium of the mediasti-

num of the dog ; a, pores. 3,

section through the plem'a of the

same animal ; i, free orifices of

short lateral passages of the

lymph canals (copied from Lud-
wig, Sch-weigger - Seydel, and
Dybkowsky).

T^Jy-
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1 lumped by the alternate dilatation and contraction of the serous surface,

due to the movements of respiration and circulation.* Von Eeckling-

liausen 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.

f

Ao-ain, the lymphoid or retiform tissue which is found in various

oro-ans, and in some, as in the spleen, surrounds the minute blood-vessels

with a kind of sheath, forms another and a very extensive mode of origin

of lymphatics, whether the meshes of this retiform tissue pass directly

into the minute lymphatic plexus, or whether the latter is regarded as

closed, so that the fluid in the retiform tissue has to pass by osmosis into

the lymphatic vessel, which certainly seems to be the case in the intes-

tinal villi. As the retiform tissue is also in very similar relation to the

terminal caj)illaries, there is here a free method of communication between

the blood-vessels and lymphatics, though the direct continuity of their

tubes by vascular anastomosis can nowhere be proved to exist, as far as

has been shown at present. The lym'pli-sinuses or lymjjh-jjctths of the

lymphatic glands may be regarded as another mode of origin of

lymphatics, or as a modification of the above-mentioned origin in reti-

form tissue.

There is no satisfactoiy evidence to prove that any natural com-

munication exists between the lymphatics of glandular organs and their

ducts.

The lymphatic glands consist of (i) a fibrous envelope, or capsule, from

which a framework of processes w i ^
, . -1 Fig. XLVII.—Section oi small Ivmpliatic gland,

{trabeciUce) proceed
^

inwaras,
j^^j^ diagi-ammatically given, with the course of

dividino- the gland into' open the lymph, n, the envelope; 6, septa between

/ 7 7-\ A,^„l,. ^^-.-.Tmn the folUcles 01' alveoH of the cortical part; c,

spaces {alveoh) iieeli COmmu-
gy^tem of .septa of the medullary portion, down

nicating with each other ; (2) to the hilum ; d, the follicles ; e, lymph-tubes

a large quantity of retiform con- of the meduUary mass; /, difl^rent lymphatic
•= ^ •' -J.! streams which surround the follicles, and flow

nective tissue occupying these through the interstices of the medullary portion;

StJaces •
(^) a free supply of .</, confluence of these, passing through the,,,', ,., „„ efferent vessel, /i, at the hilum.

blood-vessels, which are sup-

ported on the trabeculse; and

(4) the afferent and efferent

lymphatics. Little is known of

the nerves, though Kolliker ^i
describes some fine nervous fila- ^

—

ments passing into the hilum.

The afferent lymphatics enter ^

the capsule of the gland in vari- ^ y -^

able numbers and at variotrs ^T
points, while the efferent vessels ^' ^^^*,

are usually only one or two, and

they emerge from the gland at a definite spot, the hilum, where there is

* The resemblance between lymph and serum led Hewson long ago to regard the serous

cavities as sacs into which the lymphatics open. These recent microscopic discoveries

confirm this opinion in a very interesting manner.
, .. c. ^ .

t For a fuller account see Klein's ' Auatomy of the Lymphatic bystem.
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usually, but not alwaj's, a recognisable depression. The extenial coats

of the lymphatic vessels are continuous with the capsule of the gland ; their

internal epithelial lining is continuous with that of the lymph-channel

in the interior of the gland.

A section of a lymphatic gland displays two difi'erent structures : an

external of lighter colour—the cortical ; and an internal, darker- -the

medullary. In the cortical the retiform tissue is disposed in the form of

follicles or nodules, which are held on to the septa by delicate sustentacular

fibres, which unite them to the trabeeula3, and are said by Yvqj to keej)

them stretched and open, as a piece of embroidery is stretched to its

frame. Prom these nodules rods or tubes of retiform tissue proceed,

which interlace with each other in a yery minute network, of which the

Fig. XLVIII.—Follicle from a tymphatic gland ot

the dog, in vertical section, a, reticular sustenta-

cular substance of the more external portion ; h, of

the more internal, and e, of the most external and
most finely-welDbed part en the surface of the
follicle ; d, origin of a large lymph-tube ; e, of a
smaller one

; /, capsule ; (/, septa ; /), vas afl'erens
;

i, investing space of the follicle, with its retinacula;

h, one of the divisions of the septa ; 1 1, attachment
of the lymph-tubes to the septa.

/?

^So C

Fig. XLIX.—From the medul-
lary substance of an inguinal

gland of the ox (after His).

a, h'mph-tube, with its com-
plicated system of vessels ; h,

retinacula stretched between
the tube and the septa ; c,

portion of another lymph-tube
;

d, .sepia.

medullary tissue of the gland is formed. These rods, equally with the

nodules of the cortical portion, are supported by a delicate connective

tissue which attaches them to the trabeculae, and which also contains

lymphoid corpuscles, though in less quantity than in the nodules and
rods of the gland-pulp.

The afferent lymphatics open directly into the sustentacular tissue

around the nodes and rods—the lymph-path or lymph-channel. This

investing space is continuous over both the nodules of the cortical, and
the rods or tubes of the medullary, portion, and the efferent lymphatics

are continuous with it in the latter portion of the gland.

The rods of the medullary part are described by Frey as forming a

lymphoid sheath for the capillary vessels which ruu in the axis of thc-

retiform tissue, while other branches are distributed in a rich network
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over it (fig. XLIX.). It is doubtless in these spaces that the exchange

of materials goes on between the blood-vessels and the lymphatics which

is necessary to the further elaboration of the lymph and the multiplication

of the lymph-corpuscles which takes place in the glands (see page xlii).

THE SKIN AND ITS APPENDAGES.

The Skin 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 of two layers,

the derma or cutis vera, and the epidermis or cuticle. On the surface of

the former layer are the sensitive papUlse ; and within, or embedded

beneath it, are the sweat-glands, hair-follicles, and sebaceous glands.

The derma, or true skin, is tough, flexible, and highly elastic, in order

to defend the internal parts from violence. It consists of fibro-areolar

Fig. L.—A Sectioiial View of the Skin (magnified).

tissue, intermixed with numerous blood-vessels, lymphatics, and nerves.

The fibro-areolar tissue forms the framework of the cutis ; it is composed

of firm interlacing bundles of white fibrous tissue, intermixed with a

much smaller proportion of yellow elastic fibres, the amount of which

varies in different parts. The fibro-areolar tissue is more abundant in the

deeper layers of the cutis, where it is dense and firm, the meshes being
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large, and gradually becoming blended witli the subcutaneous areolar

tissue ; towards the surface, the fibres become finer and more closely

interlaced, the most superficial layer being covered with numerous small

conical vascular eminences, the papillte. From these difierences in the

structure of the cutis at difi'erent parts, it is usual to describe it as

consisting of two layers : the deeper layer or corium, and the superficial

or papillary layer.

The corium consists of strong interlacing fibrous bands, composed

chiefiy of the white variety of fibrous tissue; but containing, also, some

fibres of the yellow elastic tissue, which vary in amount in different parts.

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 the sweat-glands. This element of the skin becomes

gradually blended with the subcutaneous areolar tissue. Towards the free

surface, the fasciculi are much finer, and they have a close interlacing, the

most superficial layers consisting of a transparent, homogeneous matrix,

with embedded nuclei.

The corium varies in thickness, from a quarter of a line to a line and

a half, in different parts of the body. Thus, it is thicker in the regions

exposed to pressure, as the palm of the hand and sole of the foot ; thicker

on the posterior aspect of the body, than the front ; and on the oiiter, than

the inner side of the limbs. In the eyelids, scrotum, and penis, it is ex-

ceedingly thin and delicate. The skin generally is thicker in the male

than in the female, and in the adult than in the child.

The areolcB are occupied by adipose tissue, hair-follicles, and the sudo-

riferous and sebaceous glands ; they are the channels by which the vessels

and nerves are distributed to the more superficial strata of the corium,

and to the papillary 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, perinseum, and areolas of the nipples. In the latter

situations the fibres are arranged in bands, closely reticulated, and dis-

posed in superimposed laminse.

The papillary layer is situated upon the free surface of the corium ; it

consists of numerous small, highly sensitive, and vascular eminences, the

papillse, which rise perpendicularly from its surface, and form the essential

element of the organ of touch. The papillae are conical-shaped eminences,

having a round or blunted extremity, occasionally divided into two or

more parts, and connected by their base with the free surface of the

corium. Their average length is about Y^th of an inch, and they

measure at their base about -o-i^th of an inch in diameter. On the

general surface of the body, more especially in those parts which are

endowed with slight sensibility, they are few in number, short, exceed-

ingly minute, and irregularly scattered over the surface ; but in other

situations, as upon the palmar surface of the hands and fingers, upon

the plantar surface of the feet and toes, and around the nipple, they

are long, of large size, closely aggregated together, and arranged in

parallel curved lines, forming the elevated ridges seen on the free surface

of the epidermis. In these ridges, the larger papillse are arranged in

a double row, with smaller papillae between them ; and these rows are

f
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subdivided into small square-shaped masses by short transverse furrows,

regularly disposed, in the centre of each of which is the minute orifice of

the duct of a sweat-gland. No papillse exist in the grooves between the

ridges. In structure, the papillse resemble the superficial layer of the

cutis; consisting of a homogeneous tissue, faintly fibrillated, and con-

taining a few fine elastic fibres. The smaller papillse contain a single

capillary loop ; but in the larger the vessels are convoluted to a greater

or less degree ; each papilla also contains one or more nerve-fibres, but

the mode in which these terminate is uncertain. In those parts in which

the sense of touch is highly developed, as in the lips and palm of the hand,

the nerve-fibres are connected with the 'tactile corpuscles.' KoUiker

considers that the central part of the papillaj generally consists of a

connective tissue more homogeneous than that of the outer part, sur-

rounded by a sort of sheath of elastic fibres, and he believes that these

corpuscles are merely a variety of this structure. The corpuscles, and

their connection with the nerves, have been described above.

The epidermis, or cuticle (scarf-skin), is an epithelial structure, ac-

curately moulded on the papillary layer of the derma. It forms a

defensive covering to the surface of the true skin, and limits the evapo-

ration of vratery vapour from its free surface. It varies in thickness in

difierent parts. Where it is exposed to pressure and the influence of

the atmosphere, as upon the palms of the hands and soles of the feet,

it is thick, hard, and horny in texture ; whilst that which lies in contact

with the rest of the body is soft and cellular in structure. The deeper

and softer layers have been called the rete mucosum, the term rete being

used from the deepest layers presenting, when isolated, numerous depres-

sions, or complete apertures, which have been occupied by the projecting

papillsB.

The free surface of the epidermis is marked by a network of linear

furrows of variable size, marking out the surface into a number of spaces

of polygonal or lozenge-shaped form. Some of these fui-rows are large,

as opposite the flexures of the joints, and correspond to the folds in the

derma produced by theit movements. In other situations, as upon the

back of the hand, they are exceedingly fine, and intersect one another at

various angles : upon the palmar surface of the hand and fingers, and

upon the sole, these lines are very distinct, and are disposed in curves.

They depend upon the large size and peculiar arrangement of the papillse

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 by its epidermic sheath ; so that when this layer is

removed by maceration, it presents a number of pits or depressions

corresponding to the elevations of the papillse, as well as the furrows left

in the intervals between them. Fine tubular prolongations from this

layer are continued into the ducts of the sudoriferous and sebaceous

glands. In structure, the epidermis consists of flattened cells, agglutinated

together, and having a laminated arrangement. In the deeper layers the

cells are large, rounded or columnar, and filled with soft opaque contents.

In the superficial layers the cells are flattened, transparent, dry, and
firm, and their contents converted into a kind of horny matter. The
difference in the structure of these layers is dependent upon the mode of
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growth of the epidermis. As the external laj'ers desquamate, from their

being constantly subjected to attrition, they are reproduced from beneath,

successive layers gradually approaching towards the free surface, which, in

their turn, die and are cast off.

These cells are developed in the liquor sanguinis, whicli is poured out

on the free surface of the derma ; they contain nuclei, and form a thin

stratum of closely-aggregated nucleated cells, which cover the entii-e

extent of the papillary layer. The deejDest layers of cells, according to

Kolliker, are of a columnar form, and are arranged perpendicularly to the

free surface of the derma, forming either a single or a double, or even

triple, layer; the laminss succeeding these are composed of cells of a

more rounded form, the contents of which are soft, opaque, granular, and
soluble in acetic acid. 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 finally form a

transparent, dry, membranous scale, lose their nuclei, and apparently

become changed in their chemical composition, as they are unaffected now
by acetic acid.

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

choroid. As the cells approach the surface and desiccate, the colour

becomes partially lost.

The arteries which supply the skin divide into numerous branches in

the subcutaneous tissue ; they then pass through the areolse of the corium,

and divide into a dense capillary plexus, which supplies the sudoriferous

and sebaceous glands and the hair-follicles, terminating in the superficial

layers of the corium, by forming a capillary network, from wliich numerous

fine branches ascend to the papillse.

The lymphatic vessels are arranged in a minute plexiform network in

the superficial layers of the corium, where they become interwoven with

the capillary and nervous plexuses ; they are especially abundant in the

scrotum and around the nipple.

The nerves which supply the skin ascend with the vessels through the

areolse of the deep layers of the corium to the more superficial layers,

where they form a minute plexiform mesh. From this plexus, the

primitive nerve-fibres pass to be distributed to the papillae. The nerves

are most numerous in those parts which are provided with the greatest

sensibility.

The appendages of the skin are, the nails, the hairs, the sudoriferous

and sebaceous glands, and their ducts.

The nails and hairs are peculiar modifications of the epidermis, con-

sisting essentially of the same cellular structure as that membrane.

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 of the skin ; the exposed portion

is called the hocly, and the anterior extremity the free edge. The nail has

a very firm adhesion to the cutis, being accurately moulded upon its sur-

f 2
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face, as the epidermis is in other parts. The part of the cutis beneath the

body and root of the nail, is called the matrix, because it is the part from
which the nail is produced. Corresponding to the body of the nail, the

matrix is thick, and covered with large, highly vascular papillES, arranged

in longitudinal rows, the colom* of which is seen through the transparent

tissue. Behind this, near the root of the nail, the papillfe are small, less

vascular, and have no regular arrangement ; hence, the portion of the nail

corresponding to this part is of a whiter colour, and called lunula, from its

form.

The cuticle, as it passes forwards on the dorsal surface of the finger, 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 structure of the nail

(both epidermic structures) are thus directly continuous with each other.

The nails, in structure, consist of cells 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 papillse at the root and

under surface of the nail, are of elongated form, arranged perpendicularly

to the surface, and provided with nuclei ; those which succeed these are

of a rounded or polygonal form, the more superficial ones becoming broad,

thin, and flattened, and so closely compacted together 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 flattened form, lose their nuclei, and

finally become closely compacted logether into a firm, dense horny texture.

In chemical composition, the nails resemble the epidermis. According

to Mulder, they contain a somwehat larger proportion of carbon and

sulphur.

The Hairs are peculiar modifications of the epidermis, and consist

essentially of the same structure as that membrane. They are found on

nearly every part of the surface of the body, excepting the palms of the

hands and soles of the feet, and vary much in length, thickness, and colour

in different parts of the body and in different races of mankind. In some

parts they are so short as not to project beyond the follicles containing

them ; in -other parts, as upon the scalp, they are of considerable length

;

along the margin of the eyelids and upon the fac«, they are remarkable

for their thickness. A hair consists of a root, the part implanted in the

skin; the slmft, the portion projecting from its surface, a,ud the point.

They generally present a cylindrical or more or less flattened form, and a

reniform outline upon a transverse section.

The root of the hair presents at its extremity a bulbous enlargement,

which is whiter in colour, and softer in texture, than the stem, and is

lodo-ed in a follicular involution of the epidei-mis, called the hair-follicle.

When the hair is of considerable length, the follicle extends into the sub-

cutaneous cellular tissue. The hair-follicle is bulbous at its deep extremity,

like the hair which it contains, and has oj)ening into it, near its free

extremity, the orifices of the ducts of one or more sebaceous glands. In
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structure, the hair-foUiele consists of two coats : an outer or dermic, and

an inner or cuticular. Tlie outer coat is formed mainly of areolar tissue

;

it is continuous with the corium, is highly vascular, and supplied by

numerous minute nervous iilaments. The inner or cuticular lining- is

continuous with the epidermis, and, at the bottom of the hair-follicle,

with the root of the hair ; this cuticular lining resembles the epidermis in.

the peculiar rounded form and soft character of those cells which lie iii

contact with the outer coat of the hair-follicle, and the thin, dry, and

scaly character of those which lie near the surface of the hair, to which

they are closely adherent. When the hair is plucked from its follicle,

the cuticular lining most commonly adheres to it, and forms what is

called the root-sheath. At the bottom of each hair-follicle is a small

conical vascular eminence or XDapilla, 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 vascular, and probably supplied with nervous

Hbrils : this is the part through which material is supplied for the pro-

duction and constant growth of the hair. The root of the hair rests upon

this conical-shaped eminence, and is continuous with the cuticular lining

of the follicle at this part. It consists of nucleated cells, similar in every

respect to those which in other situations form the epidermis. These cells

gradually enlarge as they are pushed upwards into the soft bulb, and some

of them contain pigment-granules, which either exist in separate cells, or

are separate, or aggregated round the nucleus ; it is these granules which

give rise to the colour of the hair. It occasionally happens that these

pigment-granules completely fill the cells in the centre of the bulb, which

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 part 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

vranting in the fine hairs covering the surface of the body, and commonly
in those of the head. It is more oj)aque and deeper coloured than the

fibrous part, and consists of cells containing pigment- or fat-granules. The
fibrous portion of the hair constittites the chief part of the stem ; its cells

are elongated, and unite to form flattened fusiform fibres. These also

contain pigment-granules, which assume a linear arrangement. 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.

The Sebaceous Glands axe small, sacculated, glandular organs, lodged in

the substance of the corium, or subdermoid tissue. 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 lobulated pouch-like extremity. The basement

membrane forming the wall of the sac, as well as the duct, is lined by

epithelium, which is filled with particles of sebaceous matter ; and this

becoming detached into the cavity of the sac, as its growth is renewed,

constitutes the secretion. The sacculi connected with each duct vary in
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number from two to five, or- even twenty. The orifices of the ducts open

most frequently into the hair-follicles, but occasionally upon the general

surface. 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 the skin, anrl are situated in small

pits in the deep parts of the corium, or, more frequently, in the subcuta-

neous areolar tissue, surrounded by a quantity of adipose tissue. They

are small, lobular, reddish bodies, consisting of one or more convoluted

tubuli, from which the efferent duct proceeds upwards through the corium

and cuticle, and opens upon the surface by a slightly enlarged orifice.

The efferent duct, as it passes through the corium, pursues, for a short

distance, a spiral course : it becomes straight in the more superficial part

of this layer, and opens on the surface of the cuticle by an oblique valve

-

like aperture. In the parts where the epidermis is thin, the ducts are

finer, and almost straight in their course ; but where the epidermis is

thicker, they assume again a spiral arrangement, the separate windings

of the tube being as close and as regular as those of a common screw.

The spiral course of these ducts is especially distinct in the thick cuticle

of the palm of the baud and sole of the foot. The size of the glands

va,ries. They are especially large in those regions 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 situation of the

hair in this region ; they are large, also, in the groin. Their 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

rather less numerous on the sole of the foot. In both of these situations,

the oi'ifices of the ducts are exceedingly regular, and correspond to the

small transverse grooves which intersect the ridges of papillae. In other

situations they are more irregularly scattered, but in nearly equal numbers,

over parts including the same extent of surface. In the neck and back

they are least numerous, their number amounting to 417 on the square

inch (Krause). Their total number is estimated by the same writer at

2,381,248 ; and, supposing the apertui-e of each gland to represent a surface

of 3^th of a line in diameter, he calculates that the whole of these glands

would present an evaporating surface of about eight square inches. Each
gland consists of a single tube intricately convoluted, terminating at one

end by a blind extremity, and opening at the other end upon tlie surface

of the skin. In the larger glands this single duct usually divides and

subdivides dichotomously ; the smaller ducts ultimately terminating in

short csecal pouches, rarely anastomosing. The wall of the duct is thick

;

the width of the canal rarel}' exceeding one-third of its diameter. The
tube, both in the gland and where it forms the excretory duct, consists of

two layers : an outer, formed by fine areolar tissue ; and an inner layer of

epithelium. The external, or fibro-cellular coat, is thin, continuous with

the superficial layer of the corium, and extends only as high as the surface

of the true skin. The epithelial lining is much thicker, continuous with
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the epidermis, and alone forms the spiral portion of the tube. When the

cuticle is carefully removed from the surface of the cutis, these convoluted

tubes of epidermis may be drawn out, and form nipple-shaped projections

on its under surface. According to Kolliker, a layer of non-striated

muscular fibres, arranged longitudinally, is found between the areolar and
epithelial coats of the ducts of the larger sweat-glands, as in the axilla,

root of the penis, on the labia majora, and round the anus.

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.

THE EPITHELIUM.

All the surfaces of the body, the external surface of the skin, the in-

ternal surface of the digestive and respiratory tracts, the closed serous

cavities, the inner coat of the vessels, and the ducts of all glands, are

covered by one or more layers of simple cells, called epithelium or epithe-

lial cells, which serve various purposes, both as a protective layer, and as

an agent in secretion. Thus, in the skin, the main purpose served by
the epithelium (here called the epidermis) is that of protection. As the

surface is worn away by the agency of friction or change of temperature,

new cells are supplied, and thus the surface of the true skin, and the

vessels and nerves which it contains, are defended from damage. In

the gastro-intestinal mucous membrane and in the glands, the epithelial

cells appear to be the principal agents in separating the secretion from

the blood or from the alimentary fluids. In other situations (as the nose,

fauces, and respiratory passages) the chief office of the epithelial cells

appears to be to maintain an equable temperature by the moisture with

which they keep the surface always slightly lubricated. In the serous

cavities they also keep the opposed layers moist, and thus facilitate their

movements on each other. Finally, in all internal parts they ensure a

perfectly smooth surface.

Fig. LI.—Epithelial cells in the oral cavity of man. ci, large, b, middle-sized, c, the

same with two nuclei. Magnified 350 times.

The epithelium is usually spoken of as tesselated or pavement, columnar,

spheroidal or glandular, and ciliated.

The pavement-e'piih.eliv.va is composed of flat nucleated scales of various
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shapes, usually polygonal, and varying in size. These scales often contain

granules, as in fig. LI. This kind of epithelium is found on the surface

of the skin (epidermis), on all the serous surfaces (unless the ventricles of

the brain be an exception), on the lining membranes of the blood-vessels,*

on many of the miicous membranes, and in the ducts. The nails, hairs,

and in animals the horns, are a variety of this kind of epithelium.

Fig. LII.—Epithelium of the intestinal villi of the rabhit. a, hasement-membrane.
Magnified 300 times.

The columnar epithelium (fig. LII.) is formed of cylindrical or rod-

shaped cells, each containing a nucleus, and set together, so as to form a

complete membrane.

This form of epithelium covers the mucous membrane of 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, Bartholine's

glands, and a portion of the uterine mucous membrane.

Fig. LIII.—Spheroidal epithelium

from the human bladder. Mag-
nified 250 times.

Fig. LIV.—Ciliated epithehum from the

human trachea. Magnified 350 times.

a, innermost layers of the elastic longitu-

dinal fibres, b, homogeneous innermost

layers of the mucous membrane, c, deep-

est round cells, d, middle elongated.

e, superficial, bearing cilia.

mi0{\{nmm'i
, il(( /

The spheroidal or glandular epithelium (fig. LIII.) is composed of

circular cells, -with granular contents and a small nucleus.

This form is found in the kidney, ureters, and bladder, and in the

secreting glands.

Ciliated epithelium (fig. LIV.) may be of any of the preceding forms,

but usually inclines to the columnar shape. It ig distinguished b}^ the

presence of minute processes, like hairs or eyelashes (cilia), standing up

* The epithelium lining the blood-vessels, lymphatics, and serous membranes is modified

in shape, and its cells vary much in size. It is usually spoken of in German works as

endothelium. It is figured on p. xc.
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from the free sm-face. If tlie cells be examined during life, or immediately

on removal from the living body (for which in the human subject the re-

moval of a nasal polypus offers a frequent opx^ortunity) , in tepid water,

the cilia will be seen in active lashing motion ; and if the cells be separate,

they will often be moved about in the field by that motion.

The situations in which ciliated epithelium is found in the human body

are : the i-espiratory tract from the nose downwards, the tympanum

and Eustachian tube, the Fallopian tube and upper portion of the uterus,

and the ventricles of the brain.

SEEOUS, SYNOVIAL, AND MUCOUS MEMBRANES.

These membranes consist of a layer of epithelium supported on a struc-

tureless membrane, called the basement-membrane, beneath which lies a

tract of connective or areolar tissue, which in the mucous membranes

lodges glands of various kinds, and contains unstriped muscle, or contrac-

tile muscular fibre-cells, and in both serous and mucous membranes con-

veys the blood-vessels out of which the secretion is to be eliminated.

The serous membranes are the simplest of the three, and will therefore

be first described.

They form shut sacs, sometimes arranged quite simply, as the tunica

vaginalis testis, at others with numerous involutions and recesses, as the

peritoneum, but which can always be traced continuously around the

whole circumference. The sac is completely closed, so that no communi-
cation 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,

so that a bristle can be passed from the one into the other. But this

communication 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, or in accumulation of fluid in the Fallopian

tubes. The serous membrane is often supported by a firm fibrous layer,

as is the case with the pericardium, and such membranes are sometimes

spoken of as ' fibro-serous.' In the parietal portion of the arachnoid there

is, according to many anatomists, no serous membrane in the proper sense

of the term ; but the dura mater is merely lined with a layer of epithe-

lium, the basement-membrane being here indistinguishable. In other

situations, the following parts may be recognised as constituting a serous

membrane:— i. The epithelium, a single layer of polygonal or pavement-

epithelial cells. 2. A structureless basement-membrane. 3. The connec-

tive tissue and vessels which support the latter, connect it with the parts

below, and supply blood to its deep surface. Some of the serous portion

of the blood is secreted, or transudes, through the basement-membrane to

furnish the special secretion. This latter is, in most cases, only in sufir-

cient quantity to moisten the membrane, but not to furnish any appreciable

quantity of fluid. When a small quantity can be collected, it appears to

resemble in many respects the lymph, and like that fluid coagulates
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spontaneously ; but when secreted in large quantities, as in dropsy, it is

a watery fluid containing usually sufficient albumen to gelatinise with,

heat.

Lately the interesting discovery has been made that fluids with

coloured particles transude through the serous membrane into the lym-

phatic vessels, and stomata or openings have been seen between the cells

of the epithelium, which are believed to be opened and closed by the

movements of the serous surface. These stomata have been demonstrated

at present only in the peritoneum and pleura.

The mucous 'membranes are more complex in their structure than the

serous. Their epithelium is of various forms, including the spheroidal,

columnar, and ciliated, and is often arranged in several layers (see

fig. LIV.). This epithelial layer is supported by the corium, which is

analogous to the derma of the skin, and is in fact continuous with it at

the orifices of the body. The corium consists, as it is usually described,

of a transparent structureless basement-membrane next to the epithelium,

supported by a fibro-vascular layer of variable thickness below it, and this

merging into the submucous areolar tissue. It is only in some situations

that the basement-membrane can be demonstrated.

. The fibro-vascular layer of the corium contains, besides the white and
yellow fibrous tissue and the vessels, muscular fibre-cells, forming, in

many situations, a definite layer, called the muscularis mwcosoe, nerves, and
lymphatics in various proportions. Embedded in it are found numerous
glands, and projecting out of it are processes (villi and papillse) analogous

to the papillse of the skin. These glands and processes, however, exist

only at certain parts, and it will be more convenient to refer for their

description to the sequel, where the parts are described in which they

occur. Thus the mucous glands are described in the account of the

mouth, the stomach, the intestines, &c., the papillte and villi with that of

the tongue.

The synovial membranes are analogous in structure to the serous, but

differ fi-om them in the nature of theii- seci'etion, which rather resembles

mucus. They are described on p. 146.

SECRETING GLANDS.

The secreting glands are organs in which the blood circulating in capil-

lai-y vessels is brought into contact with the epithelial cells of a mucous

membrane, whereby certain elements are separated (' secreted ') out of the

blood, and are poured into the mucous cavity. This cavity is arranged in

the form of a ramifying duct, the secreting cells lying in, or touching, the

terminal ramifications (or more correctly the commencing radicles) of the

duct.

In size the glands vary extremely : thus the liver weighs nearly four

pounds, while many of the mucous glands are only visible to the naked eye

when distended vrith secretion : and they vary not less in sti-ueture. Thus

the structure of the liver is so complex that it can hai-dly yet be regarded

as known with absolute certainty ; while there are a great many glands

which consist either of a single tube lined with epithelium, on the outer
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side of which the blood circulates, or even a simple closed sac which opens

when it becomes charged with secretion.

The great majority of glands, however, can be reduced ideally to a very

simple form, viz., to an involution more or less complex of the basement-

membrane, carrying of course its epithelium with it, and having the capil-

lary vessels distributed on its attached surface. If this involution be

perfectly simple, an open tube results, as in the stomach (see fig. 343,

p. 632), or the common mucous crypts of the urethra ; and should the mouth

of such a tube become closed, a simple follicle is formed, as in the intestine

(figs. 350, 354, pp. 638, 644). Branches projecting out from the bottom

of this tube constitute the simplest form of racemose gland. The most

rudimentary conditioii of such a gland is shown in the branched tubes of

the gastric mucous membrane, figured on p. 632. If such a tube be

conceived of as divided into branches as well as branching out at its

extremity, we have a compoxind racemose gland consisting of a single

lobule terminating in its duct (such as Brunner's glands), and an aggrega-

tion of such lobules may all open into a common duct, or may have a great

number of separate ducts. Instances of such glands will be found in the

salivary glands, the pancreas, &c. Or the necessary extent of epithelial

surface may be obtained by the duct being coiled on itself, as in the

sweat-glands (fig. L., p. xcvi.), or the extremity of the duct only may
be thus arranged (see the figure of the testis, p. 725). In other glands, as

in the kidney, the mucous duct is undivided from the beginning, and the

capillaries from which the secretion is to be eliminated are distributed

upon its walls or project into its ampuUated commencement (fig. 390,

p. 702).

For the description of the Ductless or Blood Glands, we must refer to

the sections in the text relating to the Anatomy of the Spleen, Suprarenal

Capsules, Thyroid, and Thymus.



Growth and Development of the Body.

THE whole body is developed out of the ovum (fig. LV.) vyhen fertilised

by the spermatozoa. The ovum 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 to two general processes—viz., the segmenta-

tion or cleavage of cells, and their diffe-

rentiation. The former process consists
.

Fig. LV.—Ovum of the sow.
in the splitting of the nucleus and its

investing cell-wall, whereby the original

cell is represented by two. The differen-

tiation of cells is a term used to describe

that unknown power or tendency im-

pressed 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 growth

of the embryo) the indifferent cells of the 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 aU
times difficult to describe it intelligibly, and still more so in a work like

this, where adequate space and illustration can hardly be afforded, having

respect to the main purpose of the book. 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 statements which are accepted in human embryology are

made only on the strength of experiments on lower animals, direct obser-

vation in the human subject 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 accumu-

lated round the ovum in greater number than at any other part of the

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

The human ovum (fig. LVI.) is extremely minute, measuring from

-i^th to Y^ro^h of an inch in dia,meter. It is a cell, consisting externally

* See the description of the ovary in the body of the vpork.
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of a transparent envelope, the zona 'pellucida or vitelline membrane.
Within this, and in close contact with it, is the jolk or vitellus; embedded
in the substance of the yolk is a small vesicular body, the germinal vesicle

(vesicle of Purkinje)— the nucleus of the
Fig. LVI.-Human ovum, ^^jj ^^^ ^j^j^ contains as its nucleolus a small

u'om a middle-sized loUicle, '

magnified 350 times, a, Spot—the macula germinativa, or the spot of

vitelline membrane or zona Warner.
pellucida. b, external bor- £,, 77-7 .,77. 7

der of tbe voli and internal ^"^^ zona pellucida, or Vitelline membrane,

border of the vitelline mem- is a thick, colourless, transparent membi'ane,

aJgermtafrs^t'^
"''''' ^^^^^ ^PPe^^'s '^^^•^l^^' ^^^ microscope as a bright

ring, bounded externally .and internally by a

dark outline. It corresponds to the chorion of

the impregnated ovum.

The yolh consists of granular protoplasm

—

i.e. granules or globules of various sizes, em-

bedded in a more or less viscid fluid. The
smaller granules resemble pigment ; the larger

granules, which are in greatest number at the periphery of the yolk,

resemble fat-globules. In the human ovum, the number of granules is

comparatively small.

The germinal vesicle consists of a fine, transparent, structureless mem-
brane, containing a watery fluid, in which are occasionally found a few

granules. It is about yvo^b 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 yolk.

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 xsVi? ^'-*

-^'y ^^th of an inch.

The phenomena attending the dischai'ge of the ova fiom 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 in the body of the work.

It should be added that in the mature ovarian ovum the germinal

vesicle has disappeared. Some cells belonging to the membrana granulosa

adhere for a time to the surface of the ovum, but these also soon

disappear.

The first changes in the ovum which take place upon conception,

appear to be as follows :—The sj)ermatozoon penetrates the ovum,* the

effect of which is to bring it into contact with the yolk, and with the

germinal vesicle contained in the yolk. It seems as if this normally

occurs in the Fallopian tube,t and abnormally it may even take i>lace in

the peritoneal cavity. The first effect is to produce a cleavage and multi-

plication of the yolk, which becomes first cleft into two masses, then

into four, and so on, until at length a mulberry-like agglomeration of

* See Newport, Phil. Trans. 1853, vol. ii. p. 233. This has been since confirmed by other

observers on various lower animals, and may be assumed to be generally true.

t Many physiologists, as Bischort' 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 tbat

the usual spot at which the spermatozoon meets with the ovum is in the tube.
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nucleated cells results (fig. LVII.). Ova in which this segmentation

extends over the whole yolk (which is the case with the mammalia) are

called holohlastic ova ; those in which only a portion of the yolk is seg-

mented are called merohlastic.

Fig. LVII.—Four diagrams to show the division of the yolk. The ovum is surrounded by
spermatozoa. The clear corpuscles (polar globules of Robin) are seen in the first two.

There are also found within the vitelline membrane one or more clear

globules, called ' polar globules ' by Eobin, because they lie near one of

the poles of segmentation. The nature, origin, and uses of these bodies

are not known. They seem to be usually regarded as produced by the

liquefaction of the yolk, and as not being essential to the process of

fructification.

The globules of which the yolk is now composed soon arrange them-

selves into the form of a membrane lined with pavement-epithelium. As
the yolk-mass softens, fluid accumulates in the interior of this membrane,

spi-eading it out on the internal surface of the vitelline membrane. The
latter (external) membrane (fig. LX.) soon becomes covered with granu-

lations or vegetations, which give it a shaggy appearance, and it then

takes the name of the ' primitive chorion ;
' whilst the internal membrane,

produced by the cleavage of the yolk, is called the ' blastodermic membrane
or vesicle.'

The ovum increases in size during the whole of this time, by the

absorption of albuminous fluid which coats it during its descent along the

Fallopian tube, and which is secreted by the mucous membrane lining

that tube.

The first stage towards the formation of the embryo is the cleavage or

splitting of the blastoderm. This process has been accurately followed

Fig. LVIII.—Ovum with the germinal area, seen in profile to show the division of the blasto-

dermic membrane. I, vitelline membrane. 2, blastoderm. 3, germinal area. 4, place

where the blastoderm is just divided into its two layers.

out in birds, in whose ova (meroblastic) the blastoderm only covers a

portion of the yolk, and is divided originally into two layers, the lower

of which soon splits again into two, so that three separate layers of cella
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result. In the human embrj-o also the three layers of which the blasto-

derm is ultimately composed are beKeved to originate in a similar manner,

though no direct observations have hitherto been made in mammalia
which cover the whole period of the formation of the blastodermic mem-
branes. But in both classes of ova they consist ultimately of three—the

external, which used to be called the serous layer, but to which the term

epiblast is now more commonly applied ; the internal, the mucous layer,

or hypoUast ; and the middle, which is believed by most writers to be

originally developed by cleavage from the hypoblast, and which is now
usually called the mesohlast, formerly the vascular layer. The precise

mode of formation of this middle layer is, however, by no means exactly

made out. All the layers consist hitherto of nucleated cells, in which up

to this time no special arrangement or differentiation is perceptible.

Observations on the fowl's egg, however, have led Foster and Balfour to

the conclusion that the cells of the epiblast are the direct results of

segmentation from the original germ-cell, while those of the hypoblast

and mesoblast are derived from certain ' formative cells ' which make their

appearance in the yolk cavity, migrating into it by the help of amoeboid

movements after the fashion of white blood-corpuscles.

Fig. LIX.—Section of a blastoderm at riglit angles to tlie long axis of the emhryo, near its

middle, after eight hours' incubation (from Foster and Balfour). A, epiblast formed of

two layers of cells ; B, mesoblast thickened below the primitive groove
; 0, hypoblast

formed of one layer of flattened cells
; ^j;-, primitive groove ; mc, mesoblast cell ; bd, form-

ative ceUs in the so-called segmentation or subgerminal cavity. (The line of separation

between the epiblast and mesoblast below the primitive groove is too strongly marked in

the figure.)

K pr

The epiblast is mainly concerned in the formation of the external

cuticle and of the nervous centres. From it proceed all the epidermis of

the body and all the involutions of the epidermis in the ducts of the

glands and of the mammse, the brain, the spinal cord, and the portions of

the nose, eye, and ear which are directly formed from the brain. The
external layer of the amnion is also formed from the epiblast, and probably

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 a

small portion of the rectum near the anus (which are formed by an invo-

lution of the integument) ; that of the respiratory tract, which is originally

an offset from the alimentary canal ; and the epithelium of all the glandular

organs which open into the internal tract. The hypoblast forms also the

deeper layer of the umbilical vesicle and allantois.

All the rest of the embryo is formed from the mesoblast, viz., all the

vascular and locomotive system, the cutis, all the connective tissues, the
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Fig. LX.*—Diagrams to show the development of the three layers of the blastodermic
membrane on transverse sections. A, portion of the ovimi with the zona pellucida and the

germinal area. B C D E F G, diilerent stages of development, o, umbilical vesicle.

a, amnion. •/, intestine, ji, peritoneal cavit}-, bounded by the splanchno-pleiu'al and
somato-pleiu-al layers of mesoblast. i, vitelline membrane. 2, external blastodermic

layer. 3, middle layer. 4, internal layer-. 5, medullary laminfe and groove. 5',

medullary canal. 6, epidermic laminEe. 7, lateral flexures of the amnion. 7', the

same almost in contact. 8, internal epithelial layer of the amnion. 9, epidermis of

the embrj'O. 10, chorda dorsalis. 11, vertebral laminaj. 12, protovertebrse proper.

13, muscular laminae. 14, lateral lammse. 15, fibro-intestinal lamin;^. 16, cutaneous

laminfe. 17, internal fibrous layer of the umbilical vesicle. 18, muscular lamince extend-

ing to meet the cutaneous. 19, external layer of the cutaneous laminae. 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 to the middle ; the interrupted lines those belonging- to the

external. The embryo has been represented, in this and the following diagram, Ijdng on its

back. The natural position is generally assumed to be the reverse.
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Fig. LXI.*—Diagrams to show the development of the three Hastodermio layers on antero-
posterior sections. A, poi-tion of ovum with the vitelline membrane and germinal area.

B D E F, various stages of development. G, ovam in the uterus and formation of
decidua. I, vitelline membrane. 2, estemal blastodermic layer. 2', vesicula 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 svhere the amnion and vesi-

cuJa, serosa are continuous. 8', posterior umbLUcus. 9, cardiac cavity. 10, external
fibrous layer of the umbilical vesicle. 11, external fibrous layer of the amnion. 12, in-

ternal layer of the blastoderm forming the intestine. 13, 14, external layer of the allan-

tois, extending to the inner surface of the vesicula serosa. 15, the same now completely
applied to the inner surface of the vesicula serosa. 16, umbilical cord. 1 7, umbilical
vessels. 18, amnion. 19, chorion. 20, foetal placenta. 21, mucous membrane of uterus.

22, maternal placenta. 23, decidua reflexa. 24, muscular wall of uterus.

The same note applies to this as to the preceding diagram.
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nerves,* and tlie genito-iirinarj organs, tki-ougli the Wolffian bodies and
otlier temporary festal structures. The vascular system of tlie 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 fcetal

portion of the placenta, being essentially a vascular structure, is also

developed from the mesoblast.

The method of formation of these various parts, and especially the

mode of conversion of the mesoblast, is, however, very complicated.

Germinal area.—In the mass of nucleated cells into which the yolk

becomes converted during the formation of the blastodermic vesicle, a

small agglomeration is formed, which then spreads out into an area of

nucleated cells, from which the embryo is to be formed, and which has

accordingly received the name of germinal disc or area germinativa.

In this portion of the ovum the first trace of the embryo appears

as a faint streak, which is called the primitive trace or primitive groove

(fig. LIX.). This groove first deepens into a furrow, bounded by two plates

—the lamince dorsales, beneath which a delicate fibril appears—the chorda

dorsalis or notocJiord—in which cartilage can very early be recognised.

The chorda dorsalis and the lamina dorsales are the rudiments of the

vertebral column and canal.

The first approaches towai-ds a definite form in the embryo are made
(i) by the development of the rudimentary spinal column, (2) by the

cleavage of the middle laj^er of the blastodermic membrane, from which a

part of that column is dei'ived, and (3) hj the inciu'vation of the column

at its cephalic end to form the brain and brain-case.

Fig. LXII.—Transverse section through the emhryo-chick before and some time after the

closiue of the medullary canal, to show the upward and downward inflections of the

blastoderm (after Remak). A, at the end of the first day. I, notoohord ; 2, primitive

groove in the medullary canal
; 3, edge of the dorsal lamina

; 4, corneous layer or epiblast

;

5, mesoblast divided in its inner part ; 6, hypoblast or epithelial layer
; 7, section of

protovertebral plate. B, on the third day in the lumbar region, i, notochord in its

sheath ; 2, medullary canal .now closed in
; 3, section of the medullary substance of the

spinal cord; 4, corneous layer; 5, somatopleure of the mesoblast; 5', splanchnopleure

(one figure is placed in the pleuro-peritoneal cavity) ; 6, hypoblast layer in the intestine

and spreading over the yolk
; 4 x 5, part of the fold of the amnion formed by epiblast and

somatoplem-e.

j 1 '6

The heaping up of the epiblast in the germinal area gives rise to a

distinct longitudinal streak, which, when looked at from above, is seen to

be constricted in the middle. Soon this heaped-up epiblast constitutes a

* In the spinal nerves the part which is in connection with the cord, including the gangha,
is formed from the mesoblast, according to the most recent observations.
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distinct groove, the sides and base of which are formed of epiblastic cells

(fig. LXII. a). The margins of the groove then coalesce, first in the

middle of the embryo, then towards the cephalic end, which is soon seen

to be more dilated than the rest and to present constrictions dividing it

imperfectly into three chambers, and lastly at the caudal extremity.

Thus a closed tube is formed lined with epiblast and having a covering of

the same membrane (fig. LXII. b). The lining of the tube is developed

into the nervous centres, the covering into the epidermis of the back and

head. Below this primitive cerebro-spinal canal lies the mesoblast, and

from this are developed (i) a continuous rod-shaped body lying below the

primitive groove, and called the notocliord
; (2) on either side a substance

divided into a number of square segments (the protovertebroi), which first

make their appearance in the region which afterwards becomes the neck,

then further forwards towards the head, and afterwards extend along

the body. These protovertebrse, as will be explained hereafter, are not

the same as the permanent vertebrae ; but they are differentiated partly

into the vertebree, partly into the muscles and true skin, and partly into

the roots and ganglia of the nerves.

On either side of the protovertebrse, the mesoblast splits into two

layers, the upper of which, or that lined by epiblast, is called somatopleure,

and the lower (lined by hypoblast) splanchnopleure (fig. LXII. 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 meso-

blastic 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 peritoneal cavity is continuous with the space between the

amnion and chorion as seen in fig. LX. p.

The embryo, which at first seems to be a mere streak, extends longi-

tudinally and laterally. As it grows forwards it becomes remarkably

curved on itself (cephalic flexure), and a smaller but distinct flexure

takes place at the 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 (see fig. LXIII.). The
well of the canoe opens freely into the cavity of the yolk-sac. Its walls

are of course formed by the three blastodermic membranes, and at the

point where the well commences (the future umbilicus) the outer (epiblast),

lined by the somatopleural layer of mesoblast, turns back over the canoe

on all sides till the folds meet at the point opposite the umbilicus :

then the two sides communicate with each other, and thus a closed

serous sac, the amnion, is formed (fig. LXIII.). Meanwhile the yolk-

sac communicates freely with the interior of the embryo, through the

large opening which afterwards becomes the umbilicus, and which we
have likened to the well of the canoe (fig. LX. b, c.) ;

* and through this

opening the internal blastodermic membrane and the internal or splanch-

nopleural division of the mesoblast pass out. In those animals which have

no amnion, all three layers pass over the yolk-sac ; but where the amnion

exists it separates the external blastodermic layer from the yolk-sac or

* The student will rememlier that in figs. LX., LXL, the embryo is represented as lying

on its back ; but the position in whicb the spinal column is highest is usually described as the
natural one, as in fig. LXIII.
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umbilical vesicle, as shown in the figures. This umbilical vesicle is

therefore at first a mere part of the 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-sac becomes distinguished into

two portions, one lying inside the embryo and forming a portion of the

intestinal cavity (out of which the student must remember the bladder is

also formed), and therefore forming a part of the body of the fcetus, and

the other lying external to the body, and remaining therefore as a part of

what is, in a more restricted sense, the ovum. The two parts communi-
cate by a passage—the omphalomesenteric duct—the destination of which

will be pointed out presently. The extra-embryonic portion of the um-
bilical vesicle is of small importance and very temporary duration in the

human subject. It is the seat of the earliest circulation, but is early

replaced in that capacity by the allantois, which becomes the great bond

of vascular connection between the embryo and the uterine tissues, as will

be explained presently. As the arteries developed in the middle blasto-

dermic layer grow, they cover the umbilical vesicle, forming the vascular

area, the chief vessels of which are the omphalomesenieric, two in number.

The vessels of this area appear to absorb the fluid of the umbilical vesicle,

which dries up into a disc-like body attached to the amnion, and having

no further function. The activity of the umbilical vesicle ceases about the

same time (fifth or sixth week) as the allantois is formed. In fact, the

umbilical vesicle provides nutrition to the foetus from the ovum itself, while

the allantois is the channel whereby nutrition is conveyed to it from the

uterine tissues. The umbilical vesicle, however, is visible, containing fluid,

up to the fourth or fifth month, between the amnion and the chorion, with

its pedicle and the omphalomesenteric vessels. The latter vessels then

become atrophied, as the functional activity of the body with which they

are connected ceases.

The Amnion.-—The first step towards a clear understanding of the

development of the embryo is to have a proper conception of the method

and the object of the formation of the amnion and of the cleavage of the

blastoderm (its middle layer) into two portions at the unclosed portion of

the embryo. The object of this cleavage is to form the common pleuro-

peritoneal cavity, and to conduct out, along the umbilical vesicle and the

allantois, the vessels by which the vital vascular connection between the

foetus and the ovum or the mother is to be established.

The amnion is the membrane which immediately surrounds the

embryo. It is of small size at first, but in(;reases considerably towards

the middle of pregnancy, as the foetus acquires the power of independent

movement. Its cavity is occupied by a clear serous fluid, the liquor amnii,

which contains about i per cent, of solid matter, albumen with traces of

urea. The quantity of this flciid increases up to about the sixth month of

pregnancy, after which it diminishes somewhat. The use of the amnion

is believed to be chiefly to allow of the movements of the fcetus in the later

stages of pregnancy, though it serves no doubt other purposes also. Its

external layer, derived from the mesoblast, is now described as being

muscular, at least as displaying rhythmic contractions during life. The
internal layer is derived from the epiblast.

The amnion is thus formed. As the embryo grows it becomes curved
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in front and behind—the cephalic and catidal flexures ; and as these flesures

increase they pucker up the embryo towards a wide opening or dehiscence

Fig. LXIII.—Diagrammatic section through the ovum of a mammal in the long axis of the

emhryo. e, the cranio-vertebral axis ; i, i, the cephalic and caudal portions of the primitive

alimentary canal ; a, the amnion ; a', the point of reflection into the false amnion ;
v, yolk-

sac, communicating with the middle part of the intestine hy v i, the vitello-intestinal

duct ; u, the allantois, The ovum, is siu-rounded externally hy the villous chorion.

dik/^,

below, the situation of the future umbilicus. The embryo also curves

over laterally towards the same point. The external blastodermic layer

(epiblast) is reflected at the flexures of the embryo, in the manner shown

in fig-. LXI., from the body of the embryo on to the umbilical vesicle and

allantois. As the allantois, at least its vascular portion, extends over the

whole yolk-sac, to line the chorion internally, it carries the amnion with

it until its caudal and cephalic portions come into contact (at a', fig.

LXIII.), meet, and coalesce, forming a simple closed cavity. This internal

or epithelial lining of the amnion derived from the epiblast is coated over

by a fibrous (or musciUar ?) layer, which is furnished by the somatopleural

part of the mesoblast, as above explained and figured.

The amnion is destitute of vessels. It is exclusively a foetal structiu-e,

and in no obvious connection with the parts which are truly uterine.

The part of the amnion which was at first in contact with the chorion

(and which is shown in fig. LXIII. by the dotted line on either side of a')

is called the ' false amnion,' or vesicula serosa. When the amniotic folds

come together and communicate, this is entirely separated from the

amnion proper, and is either obliterated or takes a share in the develop-

ment of the chorion. In mammals the epiblast only is believed to be

concerned in the formation of the false amnion.

The Allantois is the chief agent of the early circulation, i.e. 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 tbe

maternal blood circulating in the decidua or uterine portion of the chorion,

from which it imbibes the materials of nutrition, and to which it gives up
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those matters whicli are necessary for its purification. The allantois is

formed by a projection of the internal germinal layer (hypoblast), taking

with it the splanchnopleural layer of the mesoblast, in which latter the

vessels are formed which constitute its most important part. It is at

first a mere hollow projection out of the common intestinal cavity (fig.

LXI. c), but it soon extends into and through the pleuro-peritoneal space

till it meets with the primitive chorion, and to this it contributes its

essential fcetal portion, the fibrous or vascular layer of the aUantois.

Fig. LXIV.—Magnified view of the Imman embryo of four weelis with the memhranes
opened (from Leishman after Ooste). y, the umhilical vesicle with the omphalomesenteric

vessels, v, and its long tubular attachment to the intestine ; c, the villi of the chorion ; m,
the amnion opened ; u, cul-de-sao of the allantois, and on each side of this the umbilical

vessels passing out to the chorion ; a, in the embi'3'o, the eye ; e, the ear vesicle ; h, the

heart ; I, the liver ; o, the upper, ^j, the lower Umb ; lu, Wolffian body, in front of which
the mesentery and fold of intestine. The Wolfilan duct and tubes are not represented.

The epithelial or internal portion of the allantois, formed by the hypo-
blast, is hollow, and is usually styled the allantoic vesicle. The part

of the allantoic vesicle outside the embryo soon withers and disappears in

the human foetus, while the vascular part grows and developes into the

umbilical cord. The part of the allantois internal to the embryo forms,

or contributes to form, the bladder below, while its upper portion becomes
impervious, and is called the urachus.

In the embryos of those animals in which the whole yolk-sac is

taken up into the body of the embryo, there is no amnion and no allantois

;

but whenever the amnion is formed an allantois is also formed. In the
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former case tlie embryo is nourished directly by transudation into the

yolk. In the latter the yolk is of subordinate importance ; the foetus de-

riving its nourishment from the uterus through the vascular connection

established between the allantois and decidua, or later between the foetal

elements of the placenta, derived from the allantois, and the maternal,

derived from the decidua.

The Chorion.—At the time we have just been speaking of, the envelope

of the ovum consists externally of the vitelline membrane, lined internally

by the amnion. The allantois, or rather the fibro-vascular portion of the

allantois, grows in between these two membranes, applies itself to the

vitelline membrane, and forms with it the foetal portion of the chorion.*

Between this membrane and the amnion there is a space (fig. LXI.)

which is described by Dalton as occupied by a semi-fluid gelatinous

material, somewhat similar to that of the vitreous body of the eye, and a

similar material forms the bulk of the umbilical cord. The umbilical

vesicle, as is seen in the figures, lies in this space, which is the primitive

pleuro-peritoneal cavity, or interval between the somato- and splanchno-

pleural layers of the mesoblast. Soon the surface of the foetal chorion

shows villous processes, from which circumstance it is known as the
' shaggy chorion.'

These villi are projections formed to receive the outgrowths of the

fcetal vessels ; but the villi are formed before they receive any vessels, and
are at first, as figured by Dalton,t mere cellular fingers or processes,

likened by him to the tufts of seaweed. Into these tufts the growing

vessels of the allantois with their connective-tissue envelope project.

These villi cover at first the whole surface of the chorion ; but as deve-

lopment progresses and the placenta is about to be formed, by which the

extent of the attachment of the ovum to the uterine walls is to be

limited (whilst the energy of its nutrition is no doubt to be indefinitely

increased), the villi disappear over the rest of the chorion, and are con-

fined to that part only which is to form the foetal portion of the placenta.

The Decidua.—The growth of the chorion and placenta can only be

understood by tracing the formation of the decidua.

The decidua (figs. LXI., LXV.) is formed from the mucous membrane
of the uterus. 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 is embedded in the folds

of the mucous membrane, which overlap, and finally completely eu circle

the ovum. Thus two portions of the uterine mucous membrane (decidua)

are formed—viz. that which coats the muscular wall of the uterus, decidua

* The precise part of tlie ovum from wliich the chorion is originally developed is not
certainly determined. I have here followed the authorities who derive it from the vitelline

membrane, but it is believed by others to be developed from the epiblast reflected over that

membrane. A reference to figs. LX., LXIII., will show the student how easily the vitelline

membrane may receive a covering of epiblast in an early period ; and the point can hardly be
settled for the human ovum, except by inference from observations on lower animals, and
such observations are rendered uncertain in consequence of the immature condition of the
ovimi at this period. Foster and Balfom' say on this point, ' The false amnion either

coalesces with the vitelline membrane, in contact with which it lies, or else replaces it, and
in the later days of incubation is known as the chorion.' These authors therefore trace

epiblastic elements into the chorion, and possibly mesoblastic also, in th'i chiol,

t Dalton's ' Physiology,' 5th ed. p. 630.
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vera, and tliat wliicli is in contact with the ovum, decidua reflexa. The
decidua does not extend into the neck of the uterus, which after concep-

tion is closed by a plug of mucus. The decidua vera is perforated by the

openings formed by the enlarged uterine glands, which become much hyper-

trophied and developed into tortuous tubes. It contains at a later period

numerous arteries and venous charm els, continuous with the uterine

sinuses, and it is from it that the uterine part of the placenta is developed.

The portion of the decidua vera which takes part in the formation of the

placenta is called ' decidua serotina.'

The decidua reflesa is shaggy on its outer aspect, but smooth -within.

The vessels which it contains at first disappear after about the third

month ; about the fifth or sixth month the space between the two layers

of the decidua disappears, and towards the end of pregnancy the decidua

is transfonned 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 Dr. John Williams, that every discharge of ova is, as a mle, accom-

panied by the formation of a decidua, and that the essence of menstrua-

tion consists in the separation of a decidual layer of mucous membrane
fi-om the uterus.

The Placenta is the organ by which the connection between the foetus

and mother is maintained, and through which blood reaches the foetus and

is returned to the uterus. It therefore subsei-ves the purposes both of

circulation and respiration. It is formed of two parts, as already sho^wn—
viz. the maternal portion which is developed out of the decidua vera

(serotina), and the foetal placenta formed by the villous chorion. Its shape

in the human subject is that of a disc, one side of which adheres to the

uterine walls, while the other is covered by the amnion. The villi of the

chorion (or foetal placenta) gradually enlarge, forming large projections

—

' cotyledcms '—which each contain the ramifications of vessels communi-
cating with the umbUical arteries and veins of the foetus. These vascular

tufts are covered with epithelium, and project into corresponding depres-

sions in the mucous membrane of the uterine walls. The maternal portion

of the placenta consists of a large number of cells formed by an enlarge-

ment of the vessels of the uterine wall, and conveying the uterine blood

into close proximity to the villi of the fcetal placenta, which dip into these

cells. The interchange of fluids, necessary for the growth of the foetus,

and for the depuration of the blood, takes place through the walls of these

villi, but there is no direct continuity between the maternal and fcetal

vessels. The arteries open into the placental cells somewhat after the

manner of the erectile tissue. The veins anastomose freely with one

another, and give rise, at the jedge of the placenta, to a venous channel

which runs around its whole circumference—the placental sinus.

The umbilical cord appears about the end of the fifth month after preg-

nancy. It consists of the coils of two arteries (umbilical) and a single

vein, united together by a gelatinous mass (gelatin of TVharton) contained

in the cells of an areolar structure. There are originally two umbilical

reins, but one of these vessels becomes obliterated, as do also the two
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omplialomesenteric arteries and Teins, and the duct of the nmbilical

vesicle, all of which are originally contained in the mdimentarj cord.

Fig. LX^".—Sectional plan of the gravid uterus, from Wagner, in the third and fourth

month, a, plug of mucus in neck of uterus, b, Fallopian tnlte. c. the decidua vera

:

<r, the decidua Tera passing into the right Fallopian tube : the cavity of the uterus is

almost completely occupied by the ovum : e e, points of the reflection of the decidua re-

flexa (in nature the united deciduje do not stop here, but pass over the whole uterine

surfece of the placenta) : g, supposed allantois : h, umbifical vesicle : »', amnion ; /:,

chorion, covered with the decidua reflesa : d. cavity of the decidua : f, decidua serotina,

or placental decidua.

The permanent strnctnres of the cord are therefore those famished hr the

allantois.

Growth of the enibryo.—The youngest hnman embryos which have been
met -with are two described by Dr. A. Thomson in the ' Edin. Med. and
Surg. Journal,' 1839, and in his paper references to the other extant de-

scriptions of early ova will be found. The ova in question were believed to

be ofthe ages respectively of twelve to fourteen days, and about fifteen davs.*

The figures are here reproduced. The earliest ovum (fig. T, \ \ I
) was -2t of

an inch in diameter, when freed from some adherent decidua. The chorion

presented a slightly villous appearance, and consisted only of one laver of

membrane. On opening it the umbilical vesicle and embryo were found

not to fiU its cavity completely. The embryo was a hne in length, and
nearly ^ of an inch ia thickness. The chorion was united to the embryo
and umbilical vesicle by a thin tenacious web of albuminous filajnents,

* For the data on which these calculations are founded, the reader is referred to the
original paper.
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formed probably by coagulation in the spirit in which it had been kept.

There were no vessels on the umbilical vesicle. The abdomen of the em-
bryo presented no appearance of intestine, but merely a long shallow

groove, forming a common cavity with the yolk-sac. Around this intes-

tinal groove the germinal membrane was continuous with that on the

surface of the yolk-sac. One extremity of the embryo, probably the

cephalic, was enlarged, but this the author believed to be accidental. A
more opaque and expanded portion between the cephalic extremity and the

surface of the yolk-sac appeared to him to indicate the rudimentary heart.

Fig. LXVI.—Human ovum,
12 to 14 days, i, natural

size. 2, enlarged.

Fig. LXVII.—Human
ovum, 15 days.

Fig. LXyill.—Emk-yo from the
preceding ovum, i, umbilical
vesicle. 2, medullary groove.

3, cephalic portion of the em-
bryo. 4, caudal portion. 5,
fragment of membrane (am-
nion.^).

The second embryo (figs. LXVII., LXVIII.) was in a slightly more
advanced condition. In it, as in the former, the amnion and allantois

were not found, though the adhesion of the embryo by its dorsal aspect

to the inner side of the chorion renders it probable that the amnion was

formed. The cephalic and caudal extremities could be easily distinguished;

the vertebral groove appeared to be open in its whole extent ; there was a

more perfect intestinal groove than in the former case, and there was an

irregular-shaped mass between the yolk and the cephalic extremity of the

embryo, which Professor Thomson believed to be the rudiment of the

heart. No distinct trace of the omphalomesenteric vessels could be ob-

served.*

In an embryo of fifteen to eighteen days, described by Coste, the villi

of the chorion were well formed, the umbilical vesicle communicated

largely with the intestine, and the allantois was present, united to the inner

surface of the chorion, and communicating by a large pedicle with the

intestine. Both the allantois and umbilical vesicle were vascular. The
amnion was not yet closed.

In ova of the third and fourth Aveek the amnion has been found closed,

the rudiments of the eye, ear, maxillary projections, pharyngeal arches,

cerebral vesicles, anterior and posterior extremities, liver and umbilical

cord are observed (figs. LXIV., LXIX.).

The further development of the embryo will perhaps be better under-

* A third early emhrj'o is figured and described in this paper, but the author is more
uncertain as to its age.
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stood if we follow as briefly as possible the principal facts relating to tbe

cbief parts of wbicli tbe body consists—viz., tbe spine, tbe cranium, tbe

ri". LXIX.—Human emlDi'yo in tbe fourtli week, i, amnion removed in part of tlie dorsal

reo'iou. 2, umbilical Tesicle. 3, omphalomesenteric duct. 4, inferior maxillary tuber-

cle of iirst pharyngeal arch. 5, superior maxillary tubercle from the same arch. 6,

second pharjaigeal arch. 7, third. 8, fom-th. 9, eye. 10, primitive auditory vesicle.

II, anterior extremity. 12, posterior extremity. 13, umbilical cord. 14, heart. 15,

liver.

pbaryngeal cavity, mouth, &c., tbe nervous centres, tbe organs of tbe senses,

the circulatory system, tbe alimentary canal and its appendages, tbe organs

of respiration, and tbe genito-urinarj^ organs.* Tbe reader is also referred

to the chronological table of tbe development of tbe foetus at tbe end of

tbe Introduction.

Developinent of the Spine.—Tbe external layer of tbe blastoderm (epi-

blast), as shown in fig. LXII., dips down to form the medullary groove,

which is afterwards converted into tbe medullar)^ canal, and in this canal

tbe nervous centres are formed out of epiblastic elements. At the same

time tbe chorda dorsalis, or notocbord, is formed out of the mesoblast. This

is a rod or cylinder composed of a transparent tube containing embryonic

cells (fig. LXS.), and extending from the cephalic to tbe caudal extremity

of tbe foetus below the spinal canal. On either side of this are laid down
also from tbe mesoblast a series of square-shaped bodies called tbe proto-

vertebrae. Tbe protovertebrce or immitive vertebrce appear early, as dark

spots, which soon enlarge and form quadrangular laminas, one on either

side of tbe chorda dorsalis, commencing in the cervical region. These

spread out and bend towards each other, so as to come into contact around

tbe spinal canal and enclose it, forming the rudiment of tbe future bodies

and arches of tbe vertebrse, as well as of the vertebral and other muscles.

This primitive vertebral column is, however, entirely membranous until

about the sixth or seventh week, when cartilage begins to be deposited in

it. Tbe protovertebrse do not coincide with tbe permanent vertebrse. On
the contrary, each primitive vertebra separates into two parts, tbe upper

part belonging to the permanent vertebra, which lies above tbe point of

separation, and tbe lower one to that below (fig. LXXI.). The chorda

* The scope of this -work only permits the briefest possible reference to these subjects.

Those who wish to study the subject of embryology in more detail are referred to KoUiker's

Entioickelungsyeschichte, to the chapters on the development of the various organs in the 8th
edition of Quain's Anaiotny, or to the works of Prof. Dalton and of Foster and Balfour.



csxiv GENERAL ANATOMY.

dorsalis becomes gradually atrophied, except at tlie part corresponding to

the intervals between the permanent vertebrae, where it forms the inter-

vertebral discs.

Fig. LXX.—Transverse section tLrougli the dorsal region of an embryo-chick, end of third

day (from Foster and Balfour). A7n, amnion ; m p, muscle plate : c v, cardinal vein ; Ao,
dorsal aorta at the point where its two roots begin to join ; Ch, notochord ; Wd, Wolffian
duct ; Wb, commencement of formation of Wolffian body ; ep, epiblast ; so, somatopleure

;

hy, hypoblast. The section passes through the place where the alimentary canal (%)
communicates with the yolk-sac.

The steps by which the various parts of the spinal column are com-

posed are complicated, and in several points they are not at present clearly

made out. Thus the notochord is usually regarded, and is described above,

as being formed out of the mesoblasfc ; but this is denied by several authors,

who refer its origin to the epiblast, and who deny that any cartilaginous

change takes place in it. These authors would thus refer the interver-

tebral discs exclusively to the protovertebrse, while the notochord would,

according to them, disappear entirely in after life.

What is usually admitted is shortly as follows : The protovertebrae,

derived from the mesoblast, increase in size and grow up around the

notochord, so as to enclose it completely. They then become divided or

segmented each into two portions, the upper segment of the lower proto-

vertebra coalescing with the Jower segment of the upper to form the

corresponding segment of the whole trunk or somatome. From each of

these somatomes are to be derived (i) the basis of the vertebra and, as

proceeding from this, the bony framework of the portion of the skeleton to

which the vertebra serves as a centre
; (2) the muscular plates which sur-

round the vertebrae, and from which the muscular elements extend into

the limbs
; (3) the vascular system

; (4) the ganglia which lie in the inter-

vertebral foramina, and the nerves which proceed from these ganglia, and
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finally tlie true skin below the epiblast and tlie corium of the mucous

membrane below the hypoblast.

Fio-. LXXI.—Cervical part of tlie primitive verteliral column and adjacent parts of an emlDiyo

of tlie sixth da}', showing the division of the primitive vertebral segments (from Kolliker,

after Remak). I, I, chorda dorsalis in its sheath, pointed at its upper end ; 2, points by

three lines to the original intervals of the primitive vertebrse
; 3, in a similar manner

indicates the places of new division into permanent bodies of vertebrse ;
c indicates the

body of the first cervical vertebra ; in this and the next the primitive division has dis-

appeared, as also in the two lowest represented, viz., d and the one above ;
in those inter-

mediate 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 j the dotted segments

outside these parts are the muscular plates.

The mesoblastic elements (protovertebra;) on either side grow towards

each other and coalesce, surrounding the notochord and the epiblastic

elements out of which the medullary canal has been developed (fig. LXX.
m c). From this portion of the somatomes the laminse of the vertebrae, the

muscles and other parts in the vertebral grooves, and the skin of the back

are formed.

Bevelofmant of the cranium in (jeneral, and of the face.—The foetal cranium

is developed from the primitive vertebral discs surrounding the upper

extremity of the chorda dorsalis. These advance in the form of a mem-
branous capsule ( ' investing mass ' of Eathke) which covers the end of the

chorda dorsalis, forming the rudiment of the base of the skull^ and moulds

itself on the cerebral vesicles, so as to constitute the membrane in which

the vault of the skull is developed. The membranous capsule presents at

the base ofthe skull two thickenings (' lateral trabeculse ' ofRathke) directed

forwards, and enclosing an opening (pituitary opening) which is partly

closed by a thinner membrane—the middle trabecula. The upper end of

the chorda dorsalis terminates in a pointed extremity (fig. LXXI.)^ which

extends about as far forwards as the body of the sphenoid bone, where it

becomes lost near the situation of the pituitary body. The membrane
becomes replaced by cartilage in the part corresponding to the base of the

skull and the trabeculte. A portion of this primitive cartilaginous cranium

becomes atrophied and disappears, a portion persists—forming the carti-

lages of the nose and those of the articulations ; the rest forms the carti-

laginous nidus of the basilar part of the occipital, the greater pai-t of the
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splienoid, tlie petrous and mastoid portions of tlie temporal, the ethmoid

bone, and the septum nasi.

As the cerebral extremity of the foetus grows it becomes twice bent

forwards on its own axis (fig. LXXIII.). The upper or posterior curvature

is called the cerebral ; the lower or anterior, the frontal protuberance.

From the anterior end of the chorda dorsalis four prolongations proceed on

either side, and meet in the middle line (figs. LXIV., LXXII., 4, 7, 8, 9).

These are the phaiyngeal arches, and in them, and in the frontal protu-

berance, certain bones are developed, which are called secondary bones,

to distinguish them from those above enumerated, which are formed from

the primitive cranium itself. Between the first pharyngeal arch and the

frontal protuberance is situated the buccal depression, which afterwards

becomes the cavity of the mouth, or more properly of the fauces, for the

Fig. LXXII.—Face of an embryo of 25 to 28 daj's, magnified 15 times, i, frontal promi-
nence. 2, 3, right and left olfactory fossas. 4, inferior maxillary tubercles, united in the

middle line. 5, superior maxillary tubercles. 6, mouth or fauces. 7, second pharyngeal

arch. 8, third. 9, fom-th. 10, primitive ocular vesicle. 11, primitive auditory vesicle.

mouth itself is developed from the epiblast growing inwards, whilst these

pharyngea.1 arches are formed from the mesoblast, lined internally by the

hypoblast, the reflection of which membrane closes the cavity above in the

early state. The frontal protuberance next gives' off two lateral parts

(lateral frontal protuberances), 011 each of which a depression is formed,

the olfactory fossa, bounded on either side by the internal and external

nasal processes. There is a groove esrfcernal to the external nasal pro-

cess, which aftervrards is tralisformed into the lachrymal canal, and

another groove leading from the olfactory fossa to the buccal cavitjr—the

nasal groove.

The first pharyngeal arch divides at its anterior extremity into two

parts—a superior and inferior maxillarj'- protuberance. The latter unites

very early to its fellow of the opposite side to form the lower jaw. The
superior maxillary protuberances are displaced outwards and unite to the

external nasal process ; from this part are developed the internal plate of
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the pterygoid process, the jpalate bone, the superior maxillary and the

malar. The lateral masses of the ethmoid, the os unguis and nasal bones

are furnished by the internal nasal process. The rest of these processes

on either side is uaited by a single protuberance, the incisive tubercle
;

from which the intermaxillary bone and the middle of the upper lip are

formed, and, according to some, the vomer.

Besides the lower jaw, the inferior maxillary protuberance furnishes a

transitory cartilagiiaous mass—the cartilage of Meckel—from which the

malleus and incus are formed. The remains of Meckel's cartilage per-

sist as long as till the end of the seventh or the eight month of festal life,

in the form of a rod of cartilage lying inside the lower jaw. From the

second pharyngeal arch are formed the stapes and stapedius muscle, the

pyramid, the styloid process, the stylohyoid ligament, and the small cornu

of the hyoid bone. The great cornu and body of the hyoid bone are

developed from the third arch, whUe the fourth pha-ryngeal arch enters

merely into the formation of the soft parts of the neck, and does not give

origin to any special organ. The pharyngeal or branchial fissures are

four in number, the fourth being situated beneath or below the fourth arch
;

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 palate.—The buccal cavity is at first common to the

mouth aiid nose. Then a lamella is given off from the superior maxillary

tuberosity on either side, which is directed horizontally inwards. These

two palatine lamellae meet in the median line, in front, about the eighth

week, and by the ninth week the septum should be complete. The su^ierior

maxillary bones proper, and the soft parts covering them, unite at an early

period with the incisive bone, and the median portion of the lower lip.

The olfactory fossse open into the upper (respiratory) portion of the cavity,

forming the nostrils. The student will notice that the various forms of

hare-lip correspond to various interi'uptions of the process of union ; thus

the ordinai'y single hare-lip on one side of the median line results from

the mere absence of union on that side between the soft parts which cover

the incisive bone and those connected with the proper superior maxillary
;

if this occurs on both sides, we have the simplest form of double hare-lip

;

* The relations of tliese pharyngeal arches to the cranial nerves are of the greatest

interest in a morphological point of view, but are hardly yet quite settled. Prof. Parker has
lately described the ossitication of the skull as proceeding from five arches—a prje-oral and four

pharyngeal or post-oral ; the post-oral being the mandibular or inferior maxillary ; the hyoid ;

the thyro-hyoid ; and the fourth, which, as above stated, has no remnant in the skeleton. The
fifth cranial nerve, the facial, and the glosso-pharyngeal, have definite relations to these arches

;

each dividing so that its anterior and posterior divisions embrace the cleft, or are distributed

on the ' bars,' as Professor Parker calls them, which bound the cleft. Thus the front division

of the trigeminus is distributed in fi'ont of the buccal cleft on the prse-oral arch, and its

posterior division on the first pharyngeal or mandibular ; the facial sends its anterior division

—

represented in the mature condition hj the chorda tympani—in front of the Eustachian fissure

(the remains of the first cleft), to the mandibular arch, while its descending branches go to

the hyoid arch ; the glosso-pharyngeal goes by its lingual portion to the hyoid arch, while its

pharyngeal part is distributed to the thyro-hyoid.

The theory is a beautiful one, and the method of inquiry most fruitful in promise for the
higher anatomy, which aims at uniting into one plan all the various forms of ova and the
animals developed from them

; but as yet it is hardly sufficiently established in fact to be
made a necessary part of scholastic teaching.
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if, besides this, tlie intermaxillary bone remains ununited, it usually is

carried forward at the end of the vomer, forming the double hare-lip, com-
plicated with projection of the intermaxillary bone ; if, added to this, the

palatine lamellae also remain ununited, we have the complete degree of

fissured palate and hare-lip. Fissure of the soft palate only, or of the
soft and a portion of the hard, represent various degrees of non-union of

the palatine lamellae.

Development of the nervous centres.—The medullary groove above de-

scribed (p. cxv.) presents about the third week three dilatations at its

upper part, separated 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 is deposited

in it, which lines it, corresponding to its dilatations, and, like it, assumino*

a tubular form. This is the rudiment of the cerebro-spinal axis. As the

embryo grows, its cephalic part becomes more curved, and the three dila-

tations in the anterior end of the primitive cerebro-spinal axis become

Fig. LXXIII.—Longitudinal section of tlie head of an embryo four weeks old, seen from tlie

inside. I, ocular vesicle. 2, optic nerve flattened out. 3, fore brain. 4, intermediary
brain. 5, middle brain. 6, hinder brain. 7, after brain. 8, anterior portion of the
tentorium cerebelli. 9, its lateral portion intervening between Nos. 4 and 5. 10, the
pharyngeal curve, bent into a cul-de-sac. 1

1
, the auditory vesicle.

vesi-cles distinctly separated froni each other (fig. LXXIII.) . These are the

cerebral vesicles—anterior, middle, and posterior. The anterior cerebral

vesicle (situated at this period quite below the middle vesicle) is the rudi-

ment of the lateral and third ventricles, and of the parts surrounding them
—viz., the cerebral hemispheres, optic thalami, corpora striata, corpus

callosum, fornix, and all the parts which form the floor of the third

ventricle; The middle vesicle represents the aqueduct of Sylvius with

the corpora quadrigemina, and the crura cerebri. The posterior vesicle

is developed into the fourth ventricle, and its walls' form the cerebellum.

Pons Varolii, medulla oblongata, and parts in the floor of the fom-th

ventricle. The antero-posterjor fissure which indicates the division of

the brain into two halves appears early, and the primary anterior and

posterior cerebral vesicles are also soon divided by a transverse fissure

into two parts, so as to constitute five permanent rudiments- of the brain

and medulla oblongata. The middle primary vesicle remains undivided.

The anterior part of the anterior cerebral vesicle (Vorderhirn, fore

brain, prosencephalon) constitutes the cerebral hemispheres, corpus

callosum, corpora striata, fornix, lateral ventricles, and olfactory nerves.
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These parts lie at first quite covered and concealed by those formed from
the middle vesicle, and by the optic thalami, which, with the optic nerves,

the third ventricle, and the parts in its floor, are furnished by the

posterior portion of the anterior vesicle (Zwischenhirn, intermediary

brain, Thalamencephalon) . By the third month, however, the hemi-

spheres have risen above the optic thalami, and by the sixth month above

the cerebellum. Fissures are seen on the surface of the hemisphere at

the third month, but all except one disappear. This one jpersists, and
forms the fissure of Sylvius. The permanent fissures for the convolutions

do not form till about the seventh or eighth month. The middle cerebral

vesicle (Mittelhirn, middle brain, Mesencephalon) is at first situated at

the summit of the angle shown on fig. LXXIII. Its surface, at first

smooth, 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. The cavity diminishes as its

walls thicken, and contracts to form the aqueduct of Sylvius. The crura

cerebri are also formed from this vesicle. The third primary cerebral

vesicle is divided at an early period (between the ninth and twelfth week)

into two, the anterior part (Hinterhirn, hinder brain, Epencephalon)

forming the cerebellum, and a membrane (membrana obturatrix), which
closes the upper part of the fourth ventricle, and which disappears as

development progresses ; its posterior part (Nachhirn, after-brain, Meten-
cephalon) forms the medulla oblongata, with the restiforni bodies and
auditory nerves.*

The development of the pituitary body has of late received much,

attention, and imj)ortant questions of morphology are connected with

this body. The description which is now accepted regards the pituitary

body as the j)lace of meeting of the epiblast, hypoblast, and mesoblast at

the extremity of the notochord, and as containing rudiments from each of

these sources, or at least from the epiblast and hypoblast, for the meso-

blastic elements derived from the chorda dorsalis are now said eaidy to

become displaced and to disappear.

At the point where the notochord terminates anteriorly the medullary

layer of the epiblast is reflected downwards to form a little pouch [if, fig.

LXXIV.) of nervous substance, the infundibulum. At the same time the

hypoblast passes iipwards from the pharynx, or upper end of the primitive

* The above fornis a short ahstract of the facta hitherto observed relative to the develop-

ment of the brain. Biit a very interesting series of lectures recently delivered by Mr. Callen-

der at the College of Snrgeons gives a dift'erent account of the subject in some important
particulars. Thus Mr. Oallender lays very great stress on the pineal and pituitary bodies in

the course of the development of the brain, classing them aa the great centres aroimd which
the organs are grouped, and by which their position is determined. The pituitary body is

anchored, as it were, at the base of the brain, just in front of the spot where the notochord
terminates anteriorly, while the pineal body is anchored originally at the upper part of the

future brain, near the bend of the head (about No. 9, fig. LXXIII.). The two are connected

together by a tract of tissue, and the pineal centre gets covered in by the ' mantles ' or em-
bryonal hemispheres, while the pituitary centre retaina nearly its relative position. Another
important difference in Mr. Callender's from the previous accounts is that he describes the

permanent fissures in the lower part of the brain as appearing much earlier than has been
previously believed (as early as ten to twelve weeks), and says that the obliteration of these

fissures is apparent only, and due to their being covered in and concealed by the tissue which
is growing up to form the convoluted surface of the upper portion of the hemispheres, but
that they are really permanent, and that their identity with the fissures in the base of the

adult brain can be verified. For many interesting details as to the growth of various parts

of the brain we muat refer to the published lectures in Srit. Med. Journ., June 1874.

h



cxxx GENERAE ANATOMY.

intestine, to form, along with the corneous layer of the epiblast, a similar

pouch, which becomes closed and converted into a closed glandular body, the

Fig. LXXIV.^Vertical section of tlie head in early emljryos ot tlie rabbit. Magnified

(from Mihalkovics). A, from an embryo of five millimetres long. B, from an embryo
of six millimetres long. 0, 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 ; if, infundibiilum ; am,

amnion; spe, spheno-ethmoidal, he, central (dorsum sellse), and spo, spheno -occipital parts

of the basis cranii ; h, heart
; f, anterior extremity of primitive alimentary canal and

opening (later) of the fauces ; i, cephalic portion of primitive intestine ;
tha, thalamus

;

2)', closed opening of the involuted part of the pituitary body ( py) ; ch, notochord
;
ph,

pWynx,

glandular part of the pituitary body, or hypophysis. The end of the noto-

chord would lie at first between these two parts of the pituitary body ; but

it is believed that, as the hypophysis becomes closed oif and separated

from the pharynx, the two parts of the pituitary body are carried back-

wards and upwards from off the end of the notochord, so as to leave the

latter stranded as it were below the pituitary fossa. Others refer the

hypophysal part of the pituitary body to epiblastic elements derived from

the buccal part of the epiblast only, and so connect its development, not

with the phai-ynx, but with the mouth and the anterior portion of the

stuU. The question is an obscure one, but its main interest is to remind

the student that this peculiar appendage to the brain forms, in an early

condition of the foetus, the meeting-point of the portions of the ovum from
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which the nervous centres, the alimentary canal, the mouth, and the base

of the skull are developed ; and that its development has some connection,

as 3'et imperfectly understood, with that of these, or some of these, gi-eat

sections of the body.

When the medullary groove is closed, the fcetal spinal marrow at first

occupies the whole of the canal so formed. It presents at first a large

central canal, which gradually contracts, and in after life is no longer per-

ceptible to the eye, though it is still visible on microscopic sections (v. p.

Ixxvii.). After the fourth month the spinal column begins to grow in length

more rapidly than the medulla, so that the latter no longer occupies the

whole canal. The ganglia and anterior roots of the nerves are perceptible

at the fourth week, the posterior roots at the sixth. The cord is com-

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,

while the outer forms the central grey substance of the cord. The whit©

columns are formed later ; their rudiments can be detected about the

fourth week, and some embryologists believe that they are developed

from the mesoblast. The central canal of the spinal cord is at fi.rst nn-

Fig. LXXV.—Section of the medulla in the cervical region, at six weeks, njagnified 50 dia-

meters. I, central canal. 2, its epithelium. 3, anterior grey matter. 4, posterior

grey matter. 5, anterior commissm'e. 6, posterior portion of the canal, closed by the

epithelium only. 7, anterior column. 8, lateral column. 9, posterior column, iq,

anterior roots. 1 1, posterior roots.

closed behind, except by the epithelial layer, but at the^ age of nine weeks

the medullary substance is united here also. The ganglia appear to be

developed from the protovertebral discs, and it is possible that the pos-

terior roots also are ; the anterior roots proceed from the medulla itself.*

The development of the nerves has not yet been followed. The sym-
pathetic can be seen as a knotted cord at the end of the second month.

The cerebral and spinal membranes are also, according to Kolliker, a

production from the protovertebral discs, and are recogmisable about the

sixth week. As the fissures separating the parts of the cerebro-spinal

axis appear, the membranes extend down them, and the pia mater passes

into the cerebral ventricles. Bischoff, however, describes the pia mater

* It is now believed, chiefly on the authority of Mr. Balfour's researches on the
development of the elasmobranch fishes (Journ. of Anat. and Phys,), that the whole of these

parts are probably developed from the medullary groove, i.e. from the epiblast, though it is

possible that the protovertebral discs (i.e. the mesoblast) may furnish the vessels and cellular

tissue which are in connection with them.
h2
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and arachnoid as developed, from the cerebral vesicles, and formed in the

position which they permanently occupy.

Development of the eye.—The nervous elements and the non-vascular

parts of the eye are developed from the epiblast, and the vascular

portions from the mesoblast, but the method of development is somewhat

complicated. The essential portions of the eye—i.e. the retina and the

parts immediately connected with it—are an outgrowth from the rudi-

mentary brain (primitive ocular vesicle), and this outgrowth is met by an

ingrowth or covering from the common exjidermic or corneous layer of

the epiblast, out of which the lens, conjunctiva, and corneal epithelium

are developed.

The primitive ocular vesicle is at first an open cavity communicating

by a hollow stalk with the general cavity of the Zwischenhirn, or inter-

mediary brain—the posterior division of the anterior cerebral vesicle. As
development advances the hollow stalk becomes solid, and thus the optic

nerve is formed, receiving, however, in a way to be presently explained,

mesoblastic elements for the formation of its central artery and connective

tissue.

The lens is formed by a thickening of the epidermic layer, opposite to

the primitive ocular vesicle, by Avhich that vesicle is at first depressed,

and then reversed in the manner indicated by the annexed figures ; so

that the cavity of the primitive ocular vesicle is finally obliterated. As
this process takes place, a secondary cavity (secondary ocular vesicle) is

formed between the rudimentary lens and the coats of the reversed primi-

tive vesicle, and in this space the vitreous humour is secreted.

Fig. LXXVI.—Diagram of development of tie lens. A B 0, different stages of development.

I, epidermic layer. 2, thickening of this layer. 3, crystalline depression. 4, 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. 6, point of separation between the lens and the epidermic layer. 7, cavity of

the secondary ocular vesicle, occupied by the vitreous.

The lens is at first a mere depression in the epidermic layer. When
this is closed the lens becomes a vesicle, formed of epithelial cells, which
grow and fill its cavity, becoming gradually transformed into fibres. It

is at first surrounded by a yascnlar 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 vitreous chamber. This vascitlar capsule of the crystalline

lens forms the membrana pupillaris (described on p. 581), and also at-

taches the borders of the iris to the capsule of the lens. It disappears

about the seventh month.

These vascular elements are introduced into the globe of the eye from
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the mesoblast, through a fissure which exists around the growing lens

—

the choroidal fissure, or ocular cleft. The fold of mesoblast which pro-

jects through this fissure is thus introduced behind the lens into the

cavitj of the secondary ocular vesicle (or ocular cup as it is now called

after Foster and Balfour), and it here furnishes the vascular and fibrous

elements of the iris and choroid, while its extremity is believed to extend

down the stalk of the primitive ocular vesicle and furnish the arteria

centralis i-etinse Avith the sheath and connective tissue of the optic nerve.

The two layers of the primitive ocular vesicle ai-e at first separated by
a space continuous with that of the original medullary cavity (or foetal

ventricle), but this space is afterwards obliterated. The outer layer of

the vesicle is chiefly pigmentary. It lines the mesoblastic elements

which are to furnish the vascular choroid, and is developed into the hexa-

gonal pigment-layei", which functionally forms part of the choroid, but is

now often described as belonging to the retina, on account of this method
of development. The sclerotic and the fibrous or true cornea are also

developed out of this layer, though probably with admixture of meso-

blastic elements. In fact, the mesoblast is now described by the most

recent authorities as the source of both membranes. The inner layer

gives origin to the retina.

Fig. LXXVII.—Diagrammatic sketch of a vertical longitudinal section through the eyeball of

a human fcetus of four weeks (after KbUiker). Magnified lOO diameters. The section is

a little to the side, so as to avoid passing through the ocular cleft, c, the cuticle, where it

becomes later the cornea ; I, the lens ; ojj, 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 forming the retina ; vs, secondary optic vesicle containing-

the rudiment of the vitreous humour.

The eyelids are formed at the end of the third month, as small cutaneous

folds, which come together in front of tlie globe and cohere. 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 external nasal process and the maxillary

process (p. cxxvi).

Development of the ear.—The first rudiment of the ear appears about

the same time as that of the eye, in the form of a vesicle (primitive

auditory vesicle, figs. LXXII., LXXIII., ii) situated close on the outside

of the third cerebral vesicle, though not communicating with it. It is

formed by a depression of the epithelium over the second pharyngeal

arch, which becomes converted into a closed sac. From this vesicle the
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internal ear is developed. The auditory nerve is described either as a

projection from the third cerebral vesicle, or as an independent formation

from the mesoblast which unites with both, and thus establishes a com-

munication between the cerebral and the auditory vesicles. The middle

ear and Eustachian tube constitute the remains of the first pharyngeal or

branchial cleft. The formation of the ossicles of the tympanum has been

already pointed out, viz., the incus and malleus from Meckel's cartilage,

and the stapes, with its muscle, from the second pharyngeal arch. These

parts project into the first pharyngeal cleft, which remains occupied by

connective tissue during the whole of foetal life, according to Kolliker,

The membrana tympani forms across the cleft, dividing it into an inner

and outer portion. The pinna, or external ear, is developed from the

soft parts covering the first pharyngeal arch.

Development of the nose.—Two fossa3 (olfactory fossse) have been ah*eady

spoken of, which are found below and in front of the ocular vesicles and

the upper maxillary projection (fig. LXXII., 2, 3). They appear about the

fourth week. Their. borders become jjrominent, and the fossEe deepen, ex-

cept at the lower part, where they lead by a groove (olfactory groove) into

the buccal cavity. This groove is bounded by the internal and external

nasal process. As the superior maxillary projection increases, the olfactory

groove is transformed into a deep canal, the rudiment of the two superior

meatus of the nose. As the palatine septum is formed, the buccal cavity

is divided into two parts, the upper of which represents the inferior

meatus of the nose, while the lower forms the mouth. The soft parts of

the nose are formed fi-om the coverings of the frontal projection, and of

the olfactory fossES. The nose is perceptible about the end of the 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 a prolongation, at first in

the form of a hollow stalk, from the anterior cerebral vesicle.

The development of the teeth is spoken of in the body of the work,

p. 613.

Development of the skin, glands, and soft parts.—The epidermis is pro-

duced from the external, the true skin from the middle, blastodermic layer

(fig. LX. 19, 20). About the fifth week the epidermis presents two

layers, the deeper one corresponding to the rete mucosi;m. The subcu-

taneous fat forms about the fourth month, and the papillse of the true skin

about the sixth. A considerable desquamation of epidermis takes place

during fcetal life, and this desquamated epidermis mixed with a sebaceous

secretion constitutes the verma; caseosa, with which the skin is smearedduring

the last thi'ee months of fcetal 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 a depression of the

deeper layer of the epithelium, which then becomes inverted by a projec-

tion from the papillary layer of the skin. The papilla grows into the

interior of the epithelial layer, and finally, about the fifth month, the

foetal hairs (lanugo) appear first on the head and then on the other parts.

These hairs drop oif after birth, and give place to the permanent hairs.



DEVELOPMENT OF THE HEART. cxxxv

The sudoriferous and sebaceous glands are also formed from the epithelial

layer about the fifth and sixth month respectively. The mammary gland

is also formed from the deeper layer of the epithelium. Its first rudiment

is seen about the third month, in the form of a small projection, from

which others radiate, and which then give rise to the glandular follicles

and ducts. The development of the former, however, remains imperfect,

except in the adult female, and especially after pregnancy. In all these

glands the vessels, and probably also the connective tissue, are furnished

from the mesoblast.

Development of the limhs.—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

covered by the epiblast. The division of the terminal portion of the

bud into fingers or toes is early indicated, and soon a notch or constric-

tion marks the future separation of the hand or foot from the forearm.

Next a similar groove appears at the site of the elbow or knee. The in-

different tissue, 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
source of their development is not completely determined for the muscles

of the limbs. The vertebral muscles appear to be developed from the ' mus-

cular laminae' of the primitive vertebral discs (fig. LX., 13), and the

muscles of the neck and jaws, as well as those which enclose the cavities

of the thorax and abdomen, are also formed from the same source. They

do not meet in the middle line of the body till about the fourth month.

The cutaneous muscles are developed from the cutaneous portion of the

middle blastodermic layer.

Development of the heart.—The first trace of the heart is found about

the tenth or twelfth day, in the form of a mass of cells proceeding

from the middle layer of the blastodermic vesicle and the anterior wall

of the intestinal cavity. It soon forms a bent tube lying in front of

the embryo, and only connected to it by its vessels (figs. LXIV.,

LXIX.). The heart is situated at first at the anterior end of the embryo,

lying opposite the two last cerebral vesicles. As the head is developed,

the heart falls as it were backwards to the lower part of the neck, and

then to the thorax. It fills the whole thoracic cavity about the second

month. As the lungs and thoracic parietes form, the heart assumes its

permanent position. The tube is soon curved into the shape of the letter

S, the arterial part being situated above, in front and to the right, the

venous below, behind and to the left. Traces of the auricular appendages

are early perceptible on the venous part. Then the walls of the ventri-

cular portion begin to thicken in regard to the auricular part. The

ventricle is separated by a constriction from the dilated part above, which

corresponds to the aortic sinus or bulb (fig. LXXIX. a, i), and from

the posterior or auricular dilatation. Then each of these three parts

becomes subdivided by a septum. After the completion of the ventricular

septum the auricular is commenced. The septum ventriculorum is at
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first almost transverse, and . divides off a smaller portion (the right ven-

tricle) from the common cavity. This septum is complete about the

eighth week, and then the interauricular begins to grow, commencing

from above and behind, and coalescing with the edge of the interventri-

cular septum so as to leave an orifice (auriculo-ventricular) on either

side. The auricular septum, howevei-, is not complete during foetal life,

but leaves an aperture (foramen ovale) by which the two auricles com-

municate.

The heart is at first composed of a mass of foetal cells, but its rhythmic

contractions can be observed even in this condition before the development

of any muscular fibres, and even, according to some authors, before it is

in connection with any vessels.

Development of hlood corpuscles and vessels.—The earliest blood-vessels

are observed, as stated above, in the vascular area of the germinal mem-
brane, external to the body of the embryo. The indifferent cells of which

the substance is composed are, according to Klein, ' vacuolated,' i.e. they

Fio". LXXVni.—Various forms of motber-oells undergoing- development into blood-vessels,

from the middle layer of the chick's blastoderm (Klein), a, large mother-cell vacuo-

lated, forming the rudimentary vessel, b, the wall of this cell formed of protoplasm,

with nuclei embedded, and in some cases more or less detached and projecting, c, pro-

cesses connected with neighbouring cells, formed of the common cellular substance of the

germinal area, d, blood-corpuscles, y, small mother-cells—vacuolation commencing.

£, mother-cell in which only obscm-e granular matter is found.

become enlarged, their nuclei multiply, and, as thej do so, an empty space is

formed in them, in which the nuclei become free and are converted into

the blood-discs, while the neighbouring vacuolated bodies communicate

together by processes in which similar cells are either enclosed or formed,

and thus a continuous branching tube is produced. The blood-globules are

at first nucleated, and are larger than the mature red globules, and in

this and other respects more resemble the white corpuscles ; but a red

colour is very early visible in .them. After the liver is formed, it seems

the chief source from which immature blood-corpuscles are furnished to

the circulation, and later on the spleen and lymphatic glands take up this

function, and continue it after birth. The nucleated condition of the

red globules ceases before birth. The precise mode in which the nu-

cleated white corpuscle is converted into the nou-niicleated red blood-

globule, wheth?r by a change in the whole cell, or by the disappearance

of the cell and persistence of its nucleus, is not yet ascertained.
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The vessels which are in communication with the fostal heart are as

follows :—In its earliest state the circulation is external to the embryo.

This primitive circulation appears about the fifteenth day, and lasts till

the fifth week. It consists of two arteries, the first aortic arches, which

Fig. LXXIX.—Heart at the fifth week. A, opened from the ahdomiual aspect, i,

arterial sinug. 2, aortic arches uniting hehiud to form the descending aorta. 3, aiu-icle.

4, anriculo-ventricular orifice. 5, commencing septum ventriculorum. 6, ventricle, "j,

inferior vena cava. B, posterior view of the same. I, trachea. 2, lungs. 3, ventricles.

4, 5, auricles. 6-, diaphragm. 7,. descending aorta. 8, 9, 10, pneumogastric nerves

and their tranches.

unite into a single artery, running' down in front of the primitive ver-

tebrse and in the walls of the intestinal cavity, and joining in a single

artery, which again divides into two 'primitive aortce or vertebral arteries^

and these give off five or six omphalomesenteric arteries, which ramify in

the germinal area, forming with their parent trunks a close networkj

terminating in veins which converge towards a venous trunk, the tsmvinal

sinus. This vessel surrounds the vascular portion of the germinal area,

but does not estend up to the anterior end of the embryo. It terminates

on either side in a vein called omphalomesenteric. The two om'phalome-

senteric veins open into the auricular extremity of the heart. This

primitive circulation extends gradually from the germinal area over the

whole of the umbilical vesicle, and disappears as the latter becomes

atrophied. In a more advanced state of the embi-yo, the position of this

first pair of aortic arches corresponds to the first pharyngeal arch. Next
in succession, other pairs of arches are formed behind the first* (fig.

LXXX.). The total number is five, but the whole five pairs do not exist

together, for the first two have disappeared before the others are formed.

These two have no representatives in the permanent structures. The
third pair gives origin to the carotids, the fourth pair forms the inno-

minata and subclavian on the right, the arch of the aorta and subclavian

on the left. The fifth forms on the left side the pulmonary artery^ the

ductus arteriosus, and the descending portion of the thoracic aorta. Its

right branch disappears.

f

The ascending portion of the arch of the aorta^ and the root of the

pulmonary artery, are at first blended together in the common dilatation

* The position of the first four of these aortic arches is behind the corresponding pharyn-
geal arches, and that of the fifth behind the fourth pharyngeal cleft.

t The relations of the recurrent branch of the pneumogastric nerve are of interest in

reference to the fifth aoi-tic, or branchial arch. If we assume that in the foetus the recurrent

nerve is detached from its parent trunk by the projection of the fifth arch, this would account
for its situation on the left .side in the adult, curving as it does round the ductus arteriosus,

which is the remnant of that arch. On the right side the disappearance of the fifth arch
brings it into relation with the fourth, and accordingly in the adult it curves round the

subclavian, which is the remnant of that arch.
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(aortic sinus), wliicli has been above spoken of as connected with the

ventricular end of the rudimentary heart (fig. LXXIX. a, i). The septum
which divides this common artery into two begins to appear very early,

even before the interventricular septum. The formation of the permanent
vessels is shown by the following diagram :

—

Fifj. LXXX.—Diagram of the formation of the aortic arches and the large arteries. I. II. III.

IV. v., first, second, third, foiu-th, and fifth aortic arclies. A, common trunk from which
the first pair spring; the place wliere the succeeding pairs are formed is indicated by dotted
lines. B, common trunk, with foiu' arches and a trace of the fifth. 0, common trunk,
with the three last pairs, the first two having heen obliterated. D, the persistent arteries,

those which have disappeared being indicated by dotted lines, i, common arterial trunk.
2, thoracic aorta. 3, right branch of the common trunk, which is only temporary. 4, left

branch, permanent. 5, axillary artery. 6, vertebral. 7, 8, subcla-sdan. 9, common carotid.

10, external; and II, internal carotid. 12, aorta. 13, pulmonary artery. 14, 15, right
and left puhnonary arteries.

The descending aorta appears to be the remnant of the artery formed

by the union of the two primitive aortse (fig. LXXX.). The omphalo-

mesenteric arteries which spring from these latter, all disappear except

one, which remains as the superior mesenteric artery. Wlien the acti-

vity of the umbilical vesicle and omphalomesenteric duet ceases, the

allantois takes up the function of conducting the vessels which ai-e to

nourish the embryo, and now the umbilical arteries extend along the

allantois to the chorion, and grow in size as the umbilical cord and

placenta are formed. The umbilical arteries are at fi.rst the terminations

of the two principal aortse, but when these vessels are united into one,

the umbilical arteries appear as branches, and the aorta itself ends in a

caudal prolongation, which afterwards becomes the middle sacral. The
common and internal iliac arteries are the only permanent remains of the

umbilical arteries (see p. 401).

Veins.—The primitive venous circulation has been described above, the

two omphalomesenteric veins opening by a common tritnk into the lower

end of the tube which represents the heart. The next state of the venous

circulation is, that at about four weeks there is found a single vein

lyitig behind the intestinal cavity (not in front of it, as the temporary

omphalomesenteric veins do), and receiving the trunk vein from the

intestine (mesenteric). Two umbilical veins are early formed, and open

together into the common trunk of the omphalomesenteric vein. They

receive branches from the allantois and anterior surface of the embryo.

The right vein soon disappears ; the left umbilical vein, on the contrary,

grows till it becomes the trunk vessel into which the omphalomesenteric

vein and its mesenteric branch appear to open. Next the liver begins to

be formed around the umbilical vein, and then this vein sends branches

into that gland (afferent veins) which afterwards become the portal veins
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in the interior of the liver, and which give origin to other veins (efferent)

,

which return the blood from the liver, and form afterwards the hepatic

veins. The portion of the umbilical vein between the giving off of the

future portal vessels and the reception of the hepatic, forms the ductus

venosus. The mesenteric vein communicates at first with the omphalo-

mesenteric ; when the veins of the liver are formed, the omphalomesenteric

is transferred from the umbilical vein to the right afferent hepatic. A
portion of it persists and forms the trunk of the portal vein.

The systemic veins are developed from four trunk veins, two on either

side, above and below, which appear before the formation of the allantois

or the umbilical vessels. These unite into one canal on either side (sinuses

of Cuvier), which open into the common trunk of the omphalomesenteric

veins, and so into the auricular portion of the rudimentary heart. These

four primitive veins lie, two of them in front, the anterior cardinal, or

jugular veins, and the other two behind, the posterior cardinal veins. As
the umbilical vein increases, and the omphalomesenteric diminishes in

volume, the sinuses of Cuvier are transferi-ed to the former vein, and when
the inferior cava is formed and the umbilical vein becomes merely its tribu-

tary, the sinuses of Cuvier open into the inferior vena cava. At a later

period the portion of the vena cava inferior, between the opening of the

sinuses of Cuvier and the auricle, disappears, and then the auricle receives

three veins—viz., the inferior cava, and the two sinuses of Cuvier, which

are now called right and left superior vena cava (fig. LXXXL). The
superior cardinal, or jugular veins, which form the upper branches of the

sinuses of Cuvier on either side, unite about the second month by a

transverse anastomosing branch. The left superior vena cava assumes an

oblique position, and empties itself into the lower and left end of the

auricle. Finally, its trunk disappears, while its orifice is transformed into

the coronary sinus, in which the great cardiac vein opens.* The right

sinus of Cuvier, or superior vena cava, persists ; the transverse anastomo-

sing branch between the two jugulars becomes the left innominate vein,

and the end of the right jugular the right innominate. The venous cir-

culation in the lower part of the embryo is at first carried on by the inferior

cardinal veins, which return the blood from the Wolffian bodies, and re-

ceive branches corresponding to the intercostal, lumbar, and crural veins.

Between the fourth and fifth week, the inferior vena cava begins to

appear in tlie form of a vessel which passes upwards behind the liver and

between the two WolfBan bodies. It anastomoses below with the two
cardinal veins, and with the crural veins, which gradually come to open
into it.

Tbe middle part of the cardinal veins disappears; their distal extremities

persist as the hypogastric veins, which open along with the crural into the

* Mr. Marsliall has pointed out that in the adult the remains of the obliterated left

superior cava can be distinguished as a cord, or sometimes a small vein which passes down
in front of the right auricle to the coronary sinus, and that the projection of this cord forms
a fold of the serous pericardium over the root of the left lung, which from that circumstance
he has named ' the vestigial fold.' And he has iiguved a case in which the left superior vena
cava remained pervious, forming an anastomosis between the united left subclavian and
internal jugular veins, and the coronary sinus, the left brachio-cephalic being reduced to

a small anastomosing branch. The abnormal vein ran along the vestigial fold, receiving

the- left superior intercostal vein (see the figure in Quain's 'Anatomy,' vol. ii. p. 798).
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vena cava, forming the iliac and othei' veins of the lower extremities.

The termination of each cardinal vein above, in the sinus of Cuvier, or

superior cava, also persists. The central atrophied portion of the cardinal

veins is i-eplaced by a vein on either side, called posterior vertebral, which
receive the intercostal and lumbar veins, and are soon united by an

Fig. LXXXI.—Diagram of the formation of the main systemic veins. A, heart and venous
system at the period when there are two venas cava3 superiores, posterior view, i, left

superior cava. 2, right superior cava. 3, inferior cava. 4, left inferior cardinal. 5,
right inferior cardinal. 6, right jugular. 7, anastomosing branch between the jugulars
(left innominate). 8, subclavian. 9, internal jugular. 10, external jugular. 11,
middle obliterated portion of the posterior cardinal veins. 12, newly formed posterior
vertebral veins. 13, anastomosis between the two vertebrals—trunk of small azygos. 14,
iliac veins, proceeding from anastomosis between the inferior cava and posterior cardinals.

15, crural. 16, hypogastric—originally the distal ends of the cardinals. B, heart and
permanent veins, posterior view. I, obliterated left superior cava. 6, right innominate.

7, left innominate. 8, subcla-s-ian 10, jugular. 13, trunk of the small azygos. 17,
coronary sinus receiving the coronary vein. 18, superior intercostal. 19, superior small
azygos. 20, inferior small azygos.

oblique anastomosing branch. The right vertebral vein, together with the

persistent termination of the right cardinal vein, forms the great azygos

vein. The distal portion of the left vertebral vein, with the oblique ana-

stomosing branch, forms the small azygos ; and the upper part of the left

vertebral, with the persistent termination of the left cardinal, forms the

left superior intercostal vein.

The ' foetal circulation ' is spoken of at p. 672.

Development of the alimentary canal.—The development of the intestinal

cavity is, as shown above (p. cxv), one of the earliest phenomena of em-

bryonic life. This original intestine is closed at either end. all the three

blastodermic layers being here in contact, and is at first in free communi-

cation with the iimbilical vesicle (fig. LXXXIl.). It is divided into three

parts : the anterior or cephalic portion of the primitive intestine, the

middle or abdominal, and the posterior or pelvic. Prom the first are

formed the pharynx and oesophagus, with the trachea and lungs ; from the

second, the stomach, small intestine and large intestine, as far as the
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upper part of the rectum ; from the third, the middle third of the rectum.

Tlie buccal cavity on the one hand, and the lower portion of the rectum

on the other, are separate productions from the middle and external layers

of the blastodermic membrane, and do not communicate with the com-

mon cavity till a later period. The permanence of the foetal septum in

either case constitutes a well-known deformity-—imperforate oesophagus

or imperforate rectum, as the case may be. The anal cavity is at first

common to the urogenital and the digestive organs.

The development of the palate has been spoken of above.

The tongue appears about the fifth week as a small elevation, behind

the inferior maxillary arch, to which is united another projection from the

second pharyngeal arch. The epithelial layer is furnished by the external

blastodermic membrane.

The tonsils appear about the fourth month.

The middle portion of the primitive intestine is at first a groove com-
municating freely with the umbilical vesicle. The groove is early con-

verted into a straight tube, which, however, is still open where it

communicates with the umbilical vesicle. This opening contracts more
and more as the embryo advances in development, and as the importance

of the vitelline duct and yoUc-sac diminishes, until at length all traces of the

latter structures disappear in the normal condition. Abnormally, how-
ever, a diverticulum is sometimes formed from the small intestine near

Fig. LXXXII.—Early form of the alimeutary canal (from Kblliker after Bisclioif). In A a
front view, and in B an antero-posterior section, are represented, a, four pharyngeal or
visceral plates; 6, the pharynx; c, c, the commencing lungs; d, the stomach; f,f,the
diverticula connected with the formation of the liver ; </, the yolk-sac into which the
middle intestinal groove opens ; Ji, the posterior part of the intestine.

^ Eh 'v^

the CEecum, which is regarded with great probability as a pervious portion
of the omphalomesenteric duct, and which has been found passing into
the umbilical cord. The peritoneal folds are furnished by the splanchno-
pleural layer of the mesoblast, coated by the epithelial layer of hypo-
blast. In the cephalic portion of the primitive intestine these folds

remain separate on the two sides to form the pleura), and a central por-
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tion is divided off from tlieni to cover the heart and form the pericardium.

While the abdominal intestine is in the grooved condition, the two peri-

toneal cavities are also separate, but they earl}"- communicate together.

As the tube of the abdominal intestine grows in length, it leaves the

vertebral column in the middle, and forms a curve attached to that

column by the mesentery. A portion of the intestine above this mesen-

tery dilates into the stomach, which gradually also acquires a mesentery

of its own ; the rest remains attached to the spine, and forms the duo-

denum. The curve of the intestine appears as it were drawn out from

the body by its attachment to the vitelline duct, and lies external to the

parietes, and in the umbilical cord, until the end of the third month,

when it passes bact again into the abdomen. Wliile still forming a

portion of the cord, the intestine begins to be distinguished into large and

small ; for the anterior or upper part, corresponding to the small intestine,

begins to assume a convohited arrangement about the eighth week, whilst

the lower part, which had been posterior, passes to the front and right

side of the other, and becomes dilated at a short distance from the

insertion of the vitelline duct, to form the rudiment of the cascum. When
the intestine lies wholly in the belly, the curve of the large intestine

begins rapidly to form ; but the CEecum lies for some time in the middle

line, and the ascending colon is not fully formed till the sixth month.

The source of each layer of the intestine, and the closure of the ompha-

lomesenteric or vitelline duct have been spoken of above, pp. cxi, cxvi.

The liver appears after the Wolffian bodies, about the third week, in the

form of two depressions formed by the epithelial and libro-intestinal

layers of the blastodermic membrane, and projecting from the intestine at

the part which afterwards forms the duodenum. These depressions are

developed into the right and left lobes. They grow very rapidly around

the omphalomesenteric vein, from which they receive the branches enume-

rated on p. cxxxix, and about the third month the liver 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, and bile is detected

in the intestine in the third month.

The pancreas is also an early formation, being far advanced in the

second month. It, as well as the other salivary glands, which appear

about the same period, originates in a projection from the epithelial layer,

which afterwards forms a cavity, from the ramifications of which the

lobules of the gland are formed.

In the development both of the liver and pancreas it seems to be

admitted that the epithelial liliing of the duct-passages is furnished by

the hypoblast, and the vessels by the mesoblast ; but authorities differ as

to the mode of formation of the parenchyma (cellular tissue, &c.), whether

this is entirely mesoblastic, or is contributed by both membranes.

The spleen is regarded as formed entirely from the mesoblast, pro-

ceeding, according to Mliller (Strieker's 'Handbook,' vol. i.), in all verte-

brata from a segment of the peritoneum.
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Development of the respiratory organs.—The lungs appear somewha.t

later than the liver. They are developed from a small cul-de-sac, which is

formed on either side as a projection from the epithelial and fibrous

lamince of the intestine. During- the fourth week these depressions are

found on either side, opening freely into the pharynx, and from the original

pouches 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 a common pedicle of communication with the pharynx.

This is developed into the trachea (fig. LXXIX.), the cartilaginous rings

of which are perceptible about the seventh week. The parts which after-

wards form the larynx are recognised as early as the sixth week, viz.

:

a projection on either side of the pharyngeal opening, the rudiment of the

arytenoid cartilages, 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. The traces of

the diaphragm appear early, in the form of a fine membrane, separating

the lungs from the Wolffian bodies, the stomach and liver. As the dia-

phragm extends forwards from the vertebral column, with the muscular

plates of which its development is probably connected, it separates the

common pleuro-peritoneal cavity into two parts, a thoracic and abdominal.

The membrane which lines this common cavity has been traced, above,

as derived from the splanchnopleure, with an epithelial lining of hypo-

blast.

Development of the genito-urinary organs.—The internal genito-uriuary

organs appear to be entirely of mesoblastic origin, and perhaps the easiest

way of rendering their formation intelligible is to commence with the

description of the Wolffian body.

The Wolffian body, or primordial kidney, is perceptible about the third

week, forming a mass of cells which soon give rise to a hollow organ.

Fig. LXXXIII.—Enlarged view from before of the left Wolffian body before the establish-

ment of the distinction of sex (from Farre after Kobelt). a, a, b, d, tubular structure of

the Wolffian body ; e, Wolffian duct
; /, its upper extremity

; g, its termination in .r, the

urogenital sinus ; h, the duct of Miiller ; i, its upper still closed extremity ; k, its lower

end terminating in the urogenital sinus ; I, the mass of blastema for the reproductive

organ, ovary or testicle.

situated on either side of the primitive vertebrse, and extending from the

heart to the lower end of the embryo, terminating above in a cul-de-sac and
opening below into the urogenital sinus. The structure of the Wolffian

body is in many respects analogous to that of the permanent kidney.

It is composed partly of an excretory canal or duct, into which open
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numerous ' conduits,' rectilinear jit first, but afterwards tortuous, and

partly of a cellular or glandular structure, in wliicli Malpighian tufts are

found. It is fixed to the diapliragm by a superior ligament, and to the

spinal column by an inferior or lumbar ligament. Its ofiice is the same

as that of the kidneys, viz., to secrete fluid containing urea, which accu-

mulates in the bladder. When the permanent kidneys are formed, the

greater part of the Wolffian body disappears. The rest takes part in the

formation of the genital organs.

The activity of function of the Wolffian bodies is very transitory, and

they attain their highest development by the sixth week, after which time

they begin to decrease in size, and have nearly disappeared by the end of

the third month.

The duct of the Wolffian body is the part first formed, and it makes

its appearance in a mass of blastema which lies below the heart and be-

hind the common pleuro-peritoneal cavity, proceeding from the mesoblast

at the point of the separation of its two layers. As this mass is situated

below the epiblast (reflected from the medullary cavity) at the side of the

protovertebrse and above the common pleuro-peritoneal cavity, it has been

named ' the intermediate cell-mass.' In this mass, first the Wolffian duct

is hollowed out, then the tubes of the Wolffian body begin to form as

Fig. LXXXIV.—Diagram of the piimitive urogenital organs in tte embno previous to

sexual, distinction. The parts are shown chiefly in profile, but the Miilleriaji and WolfEati
ducts are seen from the front. 3, ureter; 4, urinary bladder; 5, urachus ; ot, the mass
of diastema from which ovary or testicle is afterwards formed ; W, left Wollfian body

;

X
,
part at the apex from which the coni vasculosi are afterwards developed

; iv, w, right

and left Wolffian ducts ; m, in, 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 and urogenital sinus ; cp, elevation which
becomes clitoris or penis ; h, ridge from which the laWa majora or scrotum are formed.

branches of the duct, next occurs a thickening- or ridge—the Wolffian ridge

or germ-epithelium—and next a groove which is converted into a duet,
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lying internal to tlie Wolffian clnct, and called the duct of Mliller. The
Wolffian and Mlillerian ducts open (along with the ureter when formed)

into the common urogenital sinus, or cloaca, which is the termination of

the common intestinal cavity, and into which the allantois also opens in

front. 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 Wolffian and Mlillerian ducts are soon connected

by cellular substance into a single mass—the genital cord—in which the

Wolffian ducts lie side by side in front, and the ducts of Miiller behind, at

first separate, but later on coalescing.

The allantois communicates at first with the lower part of the primi-

tive intestine by a canal—the uraclius. After the second month the

lower part of the urachus dilates, so as to form the bladder, which then

communicates above with the cavity of the urachus, and below with the

rectum, by a canal of communication which is afterwards transformed

into the urethra. The urachus is obliterated before the termination of

foetal life ; but the cord formed by its obliteration is perceptible through-

out life, passing from the upper part of the bladder to the umbilicus, and

occasionally remains patent during life, constituting a well-known deformity.

The permanent kidneys are almost, if not entirely, independent of the

Wolffian bodies or primordial kidneys in their development, though they

originate in the same mass of blastema, the intermediate cell-mass behind

the Wolffian body. As their distance from the bladder increases, the

ureters become developed, and the simple culs-de-sac in which the foetal

kidneys commence divide and subdivide so as to form lobulated organs

provided with calicos in their interior. This lobulation is perceptible for

some time after birth.

The mode of development of the ureters is not exactly known. Some
embryologists describe them as extending gradually from the allantois

upwards, so that the proper tissue of the kidney would be developed upon

projections, or buds, out of the upper ends of the ureters. Others de-

scribe the ureter as an offset from the upper part of the Wolffian duct.

Others teach that the kidney tissue is formed before the ureter, and that

the ducts of the former are hollowed out and open into the latter. Others,

again, believe that the whole organ (kidney and ureter) is laid down in the

same mass of blastema, which is at first solid, and that the various ducts

or hollow spaces are formed in each part simultaneously. What is admitted

is that the solid blastema in which the kidney commences comes to be

arranged in a series of club-shaped bodies, which have their larger ends

directed towards the hilum, and that these afterwards become hollow and

open into the ureter, which has then also assumed the condition of a tube,

communicating with the pai-t of the allantois afterwards converted into

the bladder. As the future uriniferous tubes grow, they become convo-

luted, so that the whole substance of the kidney seems at first to consist of

cortical substance. Then the ends of the tubes become straight, and the

pyramidal structure is developed.

The suprarenal bodies are developed from the same mass as the kidney,

and are said at first to form a single organ in the middle line. 'Kol-

liker has observed them in close connection with the substance in which

the large sympathetic plexus of the abdomen is produced, but it is not
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ascertained that they have a common origin.' They are at first larger

than the kidneys, but become equal in size about the tenth week, a.nd

from that time decrease relatively to the kidney, though they remain

throughout fcetal life much larger in proportion than in the adult. Meckel

gives the proportion as i to 3 at birth, and i to 22 in mature life.

We must now follow the development of the genital organs in each

sex.

Female organs.—The ovaries take their origin in the ridge of germ

epithelium which has been spoken of above as making its apjjearance in

the intermediate cell-mass ; from the cells of which epithelium, accord-

ing to the most recent observations, the ova take their origin. These

ova are enclosed or encapsuled in a fibrous stroma, developed from the

deeper blastema of the same cell-mass, or, according to earlier observers,

from a part of the Wolffian body. According to the latest account the

Fig. LXXXV.—Adult ovary, parovaiium, aud Fallopian tube (from Farre, after Kobelt).

a, a, Epoophoron (parovarium) formed from the upper part of the Wolffian body ; b,

remains of the uppermost tubes sometimes forming hydatids ; 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, originalh' the duct of Miiller ; i, hydatid attached

to the extremity ; I, the ovary.

only remains of the WolfiBan body in the complete condition of the female

organs are two rudimentarj' or vestigial structures which can be found in

the round ligament near the ovary on careful search—the parovarium, or

organ of Eosenmiiller, and the epoophoron. The organ of Eosenmliller con-

sists of a number of tubes which converge to a transverse portion (the

epoophoron), and this is sometimes prolonged into a distinct duct running

transversely—the duct of Gaertner—which is much more conspicuous and
extends further in some of the lower animals. This is the remains of the

Wolffian duct.

The Fallopian tiibe is formed by the portion of the duct of Miiller, which

lies above the lumbar ligament of the Wolffian bodj'. This duct is at first

completely closed, and its closed extremity remains permanent, forming a

small cystic body attached to the fimbriated end of the Fallopian tube, and
called the ' hydatid of Morgagui.' Below this, a cleft forms in the duct,

and is developed into the fimbriated opening of the Fallopian tube.

Below this portion of the duct of Miiller, that body on either side, and
the ducts of the Wolffian body, are united together in a structure called
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' the genital cord,' in wliicli the two MiiUerian ducts approach each other,
lying side by side and finally coalescing to form the cavity of the vagina
and uterus. This coalescence commences in the middle, corresponding to

^'S'- LXXXVI.—Female genital organs of the embryo, with the remains of the Wolffian
hodies (after J. Miiller). A, from a fcetal sheep; u, the kidneys; b, the ureters- c the
ovaries; rf, remains of Wolflian bodies; e, Fallopian tubes; f, their abdominal openino-s

;

g, their iimou in the body of the uterus. B, more advanced from a fcBtal deer ; a body"of
the uterus

;
b, cornua

;
c, tubes ; d, ovaries

; e, remains of Wolifian bodies. C still more
advanced from the human fcetus of three months ; a, the body of the uterus

; b, the round
ligament

;
c, the Fallopian tubes ; d, the ovaries ; e, remains of the Wolffian bodies.

the body of the uterus. The upper parts oS the MiiUerian ducts in the

genital cord constitute the cornua of the uterus, little dcYeloped in the

human species. The only remains of the Wolffian body consist in the

organ of Eosenmliller.

About the fifth month an annular 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 the lumbar ligament of the WoliBan

body, the peritoneum constitutes the broad ligaments, the superior liga-

ment of the Wolffian body disappears with tliat sti'ucture.

Male organs.—The testicles are developed from the intermediate cell-

mass (genital gland of the older embryologists) behind and to the inside

of the Wolffian bodies, from which the essential parts of the gland, the

tubuli seminiferi, and their contents take oi-igin.

The tubuli seminiferi are early visible, being at first short and straight,

and then gradually assume a coiled arrangement. The tunica albuginea

is foimed about the third month.

The MiiUerian ducts disappear in the male sex, with the exception

of their lower ends. These unite in the middle line, and open by a com-

mon orifice into the urogenital sinus. This constitutes the utriculus

hominis or sinus prostatitis. Occasionally, however, the upper end of the

duct of Miiller remains visible in the male as it does in the female, con-

stituting the little pedunculated body, called the hydatid of Morgagni,
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sometimes found in tlie neiglibourliood of the epididymis,* between the

testis and globus major.

The head of the epididymis, its canal, the vas deferens and ejaculatory

duct, are formed from the canals and from the duct of the Wolffian body.

The remains of the Wolffian bodies also form the vas aberrans and a

structure described by Giraldes,t and called after him 'the organ of

Giraldes,' which bears a good deal of resemblance to the organ of Eosen-

miiller 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 head of

the epididymis.

The descent of the testis and the formation of the gubernaculum are

described in the body of the work.

The Externcd organs of generation, like the internal, pass through a stage

in which there is no distinction of sex (fig. LXXXVII., II., III.). We
must therefore first describe this stage, and then follow the development

of the female and male organs respectively.

As stated above, the anal depression at an early period is formed by an

involution of the external epithelium apai't from the intestine, which is

still closed at its lower end. When the septum between the two opens,

which is about the fourth week, the urachus in front and the intestine be-

hind both communicate with the cloaca. About the second month a trans-

verse division (the perinseum) begins to form, and divides the cloaca into

the anal cavity behind, and the urogenital sinus in front. In the sixth

week a tubercle, the genital tubercle, 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 furrow, turned towards the cloaca. All these parts are

well developed at the period shown by No. III. of the following diagrams,

where the anus is sepai-ated from the urogenital sinus, yet no distinction

of sex is possible.

Female organs (fig. LXXXVII., A, B. C).—The female organs are de-

veloped by an easy transition from the above form. Tlie urogenital sinus

persists as the vestibule of the vagina, and forms a single tube with the

upper pai-t of the vagina, which we have already seen developed from the

united Miillerian ducts. The genital tubercle forms the clitoris, the

genital folds the labia majora, the lips of the genital furrow the labia

minora, the genital furrow remaining open except below where it unites

with the perinseum, constituting the raphe.

Male organs.—In the male the changes are greater from the indifi^erent

type. The genital tubercle is developed into the penis, the glans appear-

ing in the third month, the prepuce and corpora cavernosa, in the

fourth. The genital furrow closes, and thus forms a canal, the spongy

portion of the urethra. The' urogenital sinus becomes elongated, and

forms the prostatic and membranous urethra. The genital folds unite in

the middle line, to form the scrotum, at about the same time as the genital

furrow closes, viz., between the third and fourth month.

* llr. Osborn, in tlie St Thomas's Hospital Eeports, 1875, '^^s written an interesting'

paper pointing out the probable connection between this fcetal structure and one form of

hydrocele.

t Joiim. de Fhys., 1861.
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Fig. LXXXVII.—Development of the External genital organs. Indifferent type, I. II. III.

Fenude.. A B, at the middle of the fifth month. 0, at the beginning of tlie sLxth.

Male. A', at the beginning of the foiii'th month. 15', at the middle of the ibiirth

month. 0', at the end of the fourth month, i , cloaca. 2, genital tubercle. 3, glaus

penis or olitoridis. 4, genital furrow. 5, e.^ternal genital folds (labia majora or scrotum).

6, umbilical cord. 7, anus. 8, caudal extremity and coccygeal tubercle. 9, Labia
minora 10, urogenital sinus. ii,rr»uuni clitoridis. 12, Preputium penis or clitoridis.

13, opening of the urethra. 14, opening of the vagina. 15, hymen. 16, scrotal raphe.

The following table is translated from the work of Beaunis and Bou-
chard, with some very unimportant alterations.* It will serve to present a

resume of the above facts in an easily accessible form.

* It will be noticed that the time assigned in this table for the appearance of the first

rudiment of some of the bones (e.g. the ilium), varies in some cases from that assigned on
p. Ixii. This is a point on which anatomists differ, and which probably varies in different
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OF

THE DEVELOPMENT OE THE ECETUS.

(FrOMBeAUNIS AMD BOUCHAUD.)

JSml of second week.—Fol'matiou of the amnion and umbilical vehicle. Chorda dorsalis and
medullary gTOOve. Heart.

Beginning of third week.—The vitelline membrane has entirely disappeared. Protovertebral

discs. First pharyngeal arch. Buccal depression. Primitive circulation.

Und of third jueeA;.—The allantois and Wolffian body appear. The amnion is closed.

Cerebral vesicles. Primitive ocular and auditor}' ve.sicles. Coalescence of the inferior

maxillary protuberances. Liver. Formation of the three last pharjiigeal arches.

Fourth lueek.—The umbilical vesicle has attained its full development. Projection of th-e

caudal e.xiti'emity. Projection of the upper and lower Ihubs. Oloacal aperture. The
heart separates into a right and left heart. Spinal ganglia and anterior roots. Olfac-

tory fossae. Lungs. Pancreas.

Fifth week.—Vascidarity of the allantois in its whole extent. First trace of hands and feet.

The primitive aorta divides into primitive aorta and pulmonary artery. Conduit of

Midler and genital gland. Ossification of clavicle and lower jaw. Cartilage of

Meckel.

Sivth Week.—The activity of the umbilical vesicle ceases. The pharyngeal clefts disappear.

. The vertebral column, primitive cranium, and ribs assume the cartilaginous condition.

Posterior roots of the nerves. Membranes of the nervous centres. Bladder. Kidneys.

Tongue. Larynx. Thjioid gland. Germs of teeth. Genital tubercle and folds.

Seventh toeek.—The muscles begin to be perceptible. Points of ossification of the ribs,

scapula, shafts of humerus, femur, tibia, intermaxillary bone, palate, upper jaw (its fir.st

four points).

Eighth week.—Distinction of arm and fore-arm, and of thigh and leg. Appearance of the

iuterdiaital clefts. Capsule of tbe lens and pupillary membrane. Completion of the

interventricular and commencement of the interauricular septum. Salivary glands.

Spleen. Suprarenal capsules. The larynx begins to become cartilaginous. . All the

vertebral bodies are cartilaginous. Points of ossification for the ulna, radius, fibula,

and ilium. The two halves of the bony palate unite. Sympathetic nerve.

Ninth week.—Corpus striatum. Pericardium. Distinction between ovary and testicle.

Formation of the genital furrow. Osseous nuclei of vertebral bodies and arches, fi'ontal,

vomer, malar bone, shafts of metacarpal bones, metatarsal bones and phalanges. The
imion of the hard palate is completed. Gall-bladder.

Third month.—Formation of the fcetal placenta. The projection of the caudal extremity

disappears. It is possible to distinguish the male and female organs at the commence-
ment of the third month. The cloacal aperture divided into two parts. The cartila-

o-inous arches on the dorsal region of the spine close. Points of ossification for the

occipital, sphenoid, os unguis, nasal bones, squamous portion of temporal and ischium.

Orbital centi-e of superior maxillary bone. Commencement of formation of maxillary

sinus. Pons Varolii. Fissure of Sylvius. Formation of ej-elids and of hairs and nails.

Mammary gland. Epiglottis. Union of the testicle with the canals of the Wolffian

body. Prostate.

Fourth month.—The closure of the cartilaginous arches of the spine is complete. Osseous points

for the first sacral vertebra and pubes. Ossification of the malleus and incus. Corpus

callosum. Membranous lamina spiralis ; cartilage of the Eustachian tube. Tympanic
rino-. Fat in subcutaneous cellular tissue. Tonsils. Closure of genital furrow and

formation of scrotum and prepuce. •
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Fiflh montJi.—The two layers of decidua begin to coalesce. Osseous nuclei of axis and
odontoid process. Lateral points of first sacral vertebra ; median points of second.

Osseous points of lateral masses of ethmoid. Ossification of stapes and petrous bone.

Ossification of germs of teeth. Appearance of germs of permanent teeth. Organ of
Corti. Eruption of hair on head. Sudoriferous glands. Glands of Brunner. Follicles

of tonsils and base of tongue. Lymphatic glands. Commencement of limitation of

uterus and vagina.

Sirth month.—Points of ossification for the anterior root of the transverse process of the

seventh cervical vertebra. Lateral points of second sacral vertebra ; median points of

third. The sacro-vertebval angle foruas. Osseous points of the manubrium sterni

and of the os calcis. The cerebral hemisphere covers the cerebellum. Papillae of the

skin. Sebaceous glands. The free border of the nail projects from the corium of the

dermis. Peyers patches. The walls of the uterus thicken.

Sevenlh monih.—Additional points of first sacral vertebra ; lateral points of third ; median
point of fourth. First osseous point of body of sternum. Osseous point for astra-

galus. Disappearance of Meckel's cartilage. Cerebral convolutions. Insula of Eeil.

Separation of tubercula quadrigemina. Disappearance of pupillary' membrane. The
testicle passes into the vaginal process of the peritoneum.

Eiyhtli month.—Additional points for the second sacral vertebra ; lateral points for the fourth

;

median points for the fifth.

Ninth month.—Additional points for the third sacral vertebra ; lateral points for the fifth.

Osseous point for the middle turbinated bone ; for the body and great cornu of the

hyoid ; for the second and third pieces of the body of the sternum ; for the lower end of

the femur. Ossification of the bony lamina spiralis and axis of the cochlea. Opening
of the eyelids. The testicles are in the scrotum.
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SEP

ANATOMY
DESCEIPTIVE AND SURGICAL.

The Skeleton.

rpHE entire skeleton in the adult consists of 200 distinct bones. These are

—

The Spine or vertebral column (sacrum and coccyx included) . 26

Cranium 8

Face 14

Os hyoides, sternum, and ribs 26

Upper extremities . 64
Lower extremities 62

200

In this enumeration, the patellas 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, where they form a system of levers,

which have to sustain the weight of the trunk, and to confer the power oflocomotion.

A long bone consists of a lengthened cylinder or shaft, and two extremities. The

shaft is a hollow cylinder, the walls consisting of dense compact tissue of great

thickness in the middle, and becoming thinner towards the extremities ; the

spongy tissue is scanty, and the bone is hollowed out in its interior to form the

medullary carial. The extremities are generally somewhat expanded for greater

convenience of mutual connection, for the purposes of articulation, and to aiFord 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, the

Mimerus, radius, ulna, femur, tibia, fihula, metacarpal, and metatarsal bones, and
the phalanges. The clavicle is also usually reckoned as a long bone.

Short Bones. Where a part of the skeleton is intended for sti'ength and com-
pactness, 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 are

short and compressed, such as the bones of the carpus and tarstis. These bones, in

their structure, are spongy throughout, excepting at their surface, where there is a

thin crust of compact substance.

Flat Bones. Where the principal requirement is either extensive protection, or

the provision of broad surfaces for muscular attachment, we find the osseous struc-

ture 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 tissue,

enclosing between them a variable quantity of cancellous tissue. In the cranial

bones, these layers of compact tissue are familiarly known as the tahles of the skull

;

the outer one is thick and tough ; the inner one thinner, denser, and more brittle,

and hence termed the vitreous table. The intervening cancellous tissue is called

the diploe. The flat bones are, the occipital, parietal, frontal, nasal, lachrymal,

vomer, scaptdw, ossa innominata, sternum, ribs, and patella.
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Tlie Irregular or Mixed bonqs are such as, from tlieir peculiar form, cannot be

grouped under eitlier 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 vertehrce, sacrum, coccyx,

temporal, spheihoid, ethmoid, malar, superior maxillary, inferior maxillary, palate,

inferior turhinated, and hyoid.

Surfaces of Bones. If the surface of any bone is examined, certain eminences

and depressions are seen, to which descriptive anatomists have given the following

names.

A prominent process projecting from the surface of a bone, which it lias never

been separate from, or moveable upon, is termed an apophysis (from cnrocjivcnc,

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 i.wi-

(jtvns, an accretion).

These eminences and depressions are of two kinds : articular, and non-articular.

Well-marked examples of articular eminences are found in the heads of the

humerus and femur ; and of articular depressions, in the glenoid cavity of the

scapula, and the acetabulum. Non-articular eminences are designated according

to their 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 surface, a ndge,

or line.

The non-articular depressions are also of very variable form, and are described

as fossEe, grooves, furrows, fissures, notches, et(3. 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 muscularity

of the subject.

THE SPINE.

The Spine is a flexuous and flexible column, formed of a series of bones called

VertebrcB.

The Vertebrs3 are thirty-three in number, exclusive of those which form the

skull, and have received the names cervical, dorscd, 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

coccygeal.

This number is sometimes increased by an additional vertebra in one region, or

tbe number may be diminished in one region, the deficiency being supplied by an

additional vertebra in another. These observations do not apply to the cervical

portion of the spine, the number of bones forming which is seldom increased or

diminished.

The Vertebrae in the upper three regions of the spine are separate through-

out the whole of life
; but those found in the sacral and coccygeal regions are,

iu the adult, firmly united, so as to form two bones— five entering into the forma-

tion of the upper bone or sacrum, and four into the terminal bone of the spine

or coccyx.

General Chaeactees ob' a Veetebea.

Each vertebra consists of two essential parts, an interior solid segment or body,

and a posterior segment or arch. The arch is formed of two pedicles, and two
lamina, supporting seven processes ; viz. four articular, two transverse, and one

spinous process.

The Bodies of the vertebree are piled one upon the other, forming a strong

pillar, for the support of the cranium and trunk ; the arches forming a hollow

cylinder behind for the protection of the spinal cord. The diSerent vertebrae are

connected together by means of the articular processes, and the intervertebral
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cartilages ; 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 vertebree apertures exist through which the spinal nerves

pass from the cord. Each of these constituent parts must now be separately

esamined.

The Body is the largest and most solid part of a vertebra. Above and below, it

is slightly concave, presenting a rim around its circumference ; and its upper and

lower surfaces are rough, for the attachment of the intervertebral fibro-cartilages.

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 vertebree.

The Pedicles 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.

The Lamince are two broad plates of bone which complete the vertebral arch

behind, enclosing a foramen which serves for the protection of the spinal cord
;

they are connected to the body by means of the pedicles. Their upper and lower

borders are rough, for the attachment of the ligamenta subflava.

The Articular Processes, four in number, two on each side, spring from the

junction of the pedicles with the lamina. The two superior project ujswards,

their articular surfaces being directed more or less backwards ; the two inferior

project downwards, their articular surfaces looking more or less forwards.*

The Spinous Process projects backwards from the junction of the two laminee,

and serves for the attachment of muscles.

The Transverse Processes, two in number, project one at each side from the

point where the articular processes join the pedicle. They also serve for the

attachment of muscles.

Characters op the Cervical VEETERRiE (fig. 1).

The Body is smaller than in any other region of the spine, and broader fi-om

side to side than from before backwards. The anterior and posterior surfaces are

AnUriorTulcrclf nf Trans.Prac.

Faramtn f^ Yirtcbrul Ar

Pi/ste7t(rTulcrclt of Trans. Froer^

I.—A Cervical Vertebra.

^JSuperLor Ariicalar Trocesi.

-InjerwrArUculur Process

* It may, perhaps, be as well to remind the reader, that the direction of a surface is

determined by that of a line drawn at right angles to it.

B 2
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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 proiecting lip on each side ; its lower surface being convex from side

to side, concave from before backwards, and presenting laterally a shallow con-

cavity, which receives the corresponding projecting lip of the adjacent vertebra.

The pedicles are directed obliquely outwards, and the superior intervertebral

notches are deeper, but narrower, than the inferior. The lamince. are narrow,

lono- thinner above than below, and overlap each other ; enclosing the spinal

foramen, which is very large, and of a triangular form. The spinous processes

are short and bifid at the extremity, to afibrd greater extent of surface for the

attachment of muscles, the two divisions being often of unequal size. They

increase in length from the fourth to the seventh. The 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 out-

wards from the superior intervertebral notch, and serves for the transmission of

one of the cervical nerves. The transverse processes are pierced at their base by

a foramen, for the transmission of the vertebral artery, vein, and plexus of nerves.

Each process is formed by two 'roots ; the anterior root arises from the side of the

body, and corresponds to the ribs : the posterior root springs from the junction of

the pedicle with the lamina, and corresponds with the transverse processes in the

dorsal region. It is by the junction of the two that the foramen for the vertebral

vessels is formed. The extremities of each of these roots form the anterior and

posterior tubercles of the transverse processes. The articular processes are oblique :

the superior are of an oval form, flattened and directed upwards and backwards
;

the inferior downwards and forwards.

The peculiar vertebrae 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. 2) (so named from supporting the globe of the head). The chief

peculiarities of this bone are, that it has neither body nor spinons process. The

Trans.Ptoc

-1st Cervical Vertebra, or Atlas.

Tiih^~~cL' Ĵ r^^ ~^ pUiyram ofSection of OrSonioidTi-oetss,

Jo ramen ^or

VorteliraiArt?.

Groorrefcr VfrCeS. Art y
and 2f.^ GcTV.N^ervc

RutHmentaipy Spm.Proc.

body is detached from the rest of the bone, and forms the odontoid process of the

second vertebra ; while the parts corresponding to the pedicles pass in front, and

join to 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 tubercle, for

the attachment of the Longus colli muscle
;
posteriorly it is concave, and marked

by a smooth oval or circular facet, for articulation with the odontoid process of

the axis. The posterior arch forms about two-fifths of the circumference of the
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bone ; it terminates behind in a tubercle, which is the rudiment of a spinous

process, and gives origin to the Rectus capitis posticus minor. The diminutive

size of this process prevents any interference in the movements between it and
the cranium. The posterior part of the arch presents, above, a rounded edge

;

whilst, in front, immediately behind each superior articular process, is a groove,

sometimes converted into a foramen by a delicate bony spiculum which arches

backwards from the posterior extremity of the superior articular process. These

grooves represent the superior intervertebral notches, and are peculiar from being

situated behind the articular processes, instead of before them, as in the other

vertebrse. They serve for the transmission of the vertebral artery, which, as-

cending through the foramen in the transverse process, winds round the lateral

mass in a direction backwards and inwards. They also transmit the sub-occipital

nerves. On the under surface of the posterior arch, in the same situation, are

two other grooves, placed behind the lateral masses, and representing the inferior

intervertebral notches of other vertebrae. They are much less marked than the

superior. 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 towards one another in front, but diverge behind ; they are directed up-

wards, inwards, and a little backwards, foi-ming 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 down-

wards, inwards, and a little backwards, 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 a 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 occur without compression of the spinal cord.

The transverse processes are of large size, for the attachment of special muscles

which assist in rotating the head'—long, not bifid, perforated at their base by a

canal for the vertebral artery, which is directed from below, upwards and
backwards.

The Axis (fig. 3) (so named from forming the pivot upon which the head

3.—2nd Cervical Vertebra, or Axis.

Odontoul P)-or

.

Rcvffli Surf.fur C/:coA Lig-

Artic. Swrf./er Trans Lij*

Spin. Vt,

Trans Proo

Infer.-A Ttie.Frac

Artie. Surf.forAtlaa

Bodu

rotates). The most distinctive character of this bone is the strong prominent

process, tooth-like in form (hence the name odontoid), which rises perpendicularly
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from the upper part of the body. The body is of a triangular form ; deeper

in front than behind, and prolonged downwards anteriorly so as to overlap the

upper and fore jsart of the adjacent vertebra. It presents in front a median
longitudinal ridge, separating two lateral depressions for the attachment of the

Longus colli muscles of each side. The odontoid process presents two articulating

surfaces ; one in front of 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. Below the apex the process is some-

what enlarged, and presents on either side a rough impression for the attachment

of the odontoid or 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 transverse ligament, which binds it in this situation to the

anterior arch of the atlas. Sometimes, however, this process does become displaced,

especially in children, in whom the ligaments are more relaxed : instant death is

the result of this accident. The pedicles are broad and strong, especially their

anterior extremities, which coalesce with the sides of the body and the root of the

odontoid process. The laminee are thick and strong, and the spinal foramen very

large. The superior articular surfaces are round, slightly convex, directed upwards
and outwards, and are peculiar in being supported on the body, pedicles, and

transverse processes. The inferior articular surfaces have the same direction as

those of the other cervical vertebi-se. The superior intervertebral notches are very

shallow, and lie behind the articular processes ; the inferior in front of them, as in

the other cervical vertebra3. The transverse processes are very small, not bifid, and
perforated by the vertebral foramen, or foramen for the vertebral artery, which is

directed obliquely upwards and outwards. The spinous process 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.

-yth Cervical Vertebra, or Vertebra
Prominens.

Seventh Gervical (fig. 4). The
most distinctive character of this

vertebra is the existence of a very

long and prominent spinous pro-

cess ; hence the name ' Vertebra

prominens.' This process is thick,

nearly horizontal in direction, not

bifurcated, and has attached to it

the ligamentum nuchas. The trans-

verse process is usually of large

size, especially its posterior root

;

its upper surface has usually a

shallow groove, and it seldom pre-

sents more than a trace of bifurca-

tion at its extremity. The vertebral

foramen is sometimes as large as in

the other cervical vertebrfe, usually

smaller, on one or both sides, and
sometimes wanting. On the left

side it occasionally gives passage to

the vertebral artery; more frequently

the vertebral vein traverses it on
both sides

;
but the usual arrangement is for both artery and vein to pass through

the foramen in the transverse process of the sixth cervical.

J'roteji

Characters of the Dorsal Vertebra;.

The bodies of the dorsal vertebra) resemble those in the cervical and lumbar
regions at the respective ends of this portion of the spine ; but in the middle
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of the dorsal region their form is very characteristic, being heart-shaped, and
broader in the antero-posterior than 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. These are covered with cartilage in the recent state ; and, when
articnlated with the adjoining vertebrse, form oval surfaces for the reception of the

heads of the corresponding ribs. The pedicles are directed backwards, and the

inferior intervertebral notches are of large size, and deeper than in any other

region of the spine. The laminfe are broad and thick, and the spinal foramen
small, and of a circular form. The articular processes are flat, nearly vertical

in direction, and project from the upper and lower part of the pedicles, the

superior being directed backwards and a little outwards and iipwards, the inferior

forwards and a little inwards and downwards. The transverse processes arise

from the same parts of the arch as the posterior roots of the transverse processes

in the neck ; they are thick, strong, and of great length, directed obliquely

backwards and outwards, presenting a clubbed extremity, which is tipped on its

anterior part by a small concave surface, for articulation with the tubercle of a

rib. Besides the articular facet for the rib, two indistinct tiibercles may be seen

rising from the extremity of the transverse processes, one near the upper, the other

near the lower border. In man, they are comparatively of 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 ligamentous attachment. The spinous

processes are long, triangular in form, directed obliquely downwards, and termi-

nating by a tubercular margin. They overlap one another from the fifth to the

eighth, but are less oblique in direction above and below.

-A Dorsal Vertebra,

fSlt^ffT

Facet fur Tiibercle ofTUih

Hcvzi.fwcetfor JtectH oJ-Rzh

DemlfacetfoTheacL ofjtlh

Infer AHic.Froc.

The peculiar dorsal vertebriB are the first, ninth, tenth, eleventh, and iivelfth

(fig. 6).

The First Dorsal Vertehra presents, on each side of the body, a single entire

articular facet for the head of the first rib, and a half facet for the upper half of

the second. The upper surface of the body is like that of a cervical vertebra, being

broad transversely, concave, and lipped on each side. The articular surfaces are

oblique, and the spinous process thick, long, and almost horizontal.
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The Ninth Dorsal lias no dejni-facefc below. In some subjects, however, the

ninth has two denii 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 ; 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,

6.—Peculiar Dorsal Vertebra.
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and jjlaced 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 transverse pro-

cesses are very short, tubercular at their extremities, and have no articular facets

for the tubercles of the I'ibs. The spinous jjrocess is short, nearly horizontal in

direction, and presents a slight tendency to bifurcation at its extremity.

The Twelfth Dorsal has the same general characters as the eleventh ; but may
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be distinguished from it by the inferior articular processes being convex and
turned outwards, like those of the lumbar vertebrse ; by the general form of the

body, laminse, and spinous process, approaching to that of the lumbar vertebrea ; and
by the transverse processes being shorter, and the tubercles at their extremities

more marked.

Chaeactees of the Lumbae Veetebe.«.

The Lumbar Vertebrte (fig. 7) are the largest segments of the vertebral column.

The body is large, broader from side to side than from- before backwards, about
equal in depth in front and behind, flattened or slightly concave above and below,

concave behind, and deeply constricted in front and at the sides, presenting promi-

nent margins, which afibrd 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 intervertebral notches are of large size.

7.—Lumbar Vertebra.

Super, Artie. /Toe.

The laminse are short, but broad and strong ; and the foramen triangular, larger

than in the dorsal, smaller than in the cervical region. The superior articular

processes are concave, and look almost directly inwards ; the inferior, convex,

look outwards and a little forwards ; the former are separated by a much wider

interval than the latter, 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.

By some anatomists they are considered homologous with the ribs. Of the two
tubercles noticed in connection with the transverse processes in the dorsal region,

the superior ones become connected in this region with the back part of the

superior articular processes. Although in man they are comparatively small, in

some animals they attain considerable size, and serve to lock the vertebrse more
closely together. The spinous processes are thick and broad, somewhat quadri-

lateral, horizontal in direction, thicker below than above, and terminating by a

rough uneven border.

The Fifth Lumbar vertebra is characterised by having the body much thicker

in front than behind, which accords with the prominence of the sacro-vertebral

articulation, by the smaller size of its spinous process, by the wide interval between
the inferior articulating processes, and by the greater size and thickness of its

transverse jjrocesses.

Structure of the Vertebrce. The structure of a vertebra differs in different parts.

The body is composed of light spongy cancellous tissue, 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 large irregular
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or several small apertures at the

and processes projecting from it

ing of comjaact tissue.

Development. Bach vertebra

(fig. 8), one for each lamina and

commences in the lamince about

the sixth week of foetal life, in

the situation where the trans-

verse processes afterwards pro-

ject, the ossific granules shooting

backwards to the spine, forwards

to the body, and outwards into

the transverse and articular pro-

cesses. Ossification in the body
commences in the middle of the

cartilage about the eighth week.

At birth these three pieces are

perfectly separate. During the

first year the lamin® become
united behind, by a portion 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, iu 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 vertebras are

formed almost entirely from the

central nuclei, the bodies of the

lumbar are formed laterally

and behind by the pedicles ; in

the dorsal region, the pedicles

advance as far forwards 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. Be-

fore puberty, no other changes

occur, excepting a gradual in-

crease in the growth of these

primary centres, the upper and

under surfaces of the bodies, and

the ends of the transverse and

spinous processes, being tijiped

with cartilage, in which ossific

gi-anules are not as yet deposited.

At sixteen years (^g. 9), four

secondary centres appear, one

for the tip of each transverse

process, and two (sometimes

posterior part of the body of each bone. The arch
have, on the contrary, an exceedingly thick cover-

is formed of three primary cartilaginous portions

its processes, and one for the body. Ossification

8.—Developmeut of a Vertehra.
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united into one) for tlie end of the spinons process. At twenty-one years (fig. lo),

a thin circular epipliysal plate of bone is formed in the layer of cartilage situated

on the upper and under surfaces of the body, the former being the thicker of the

two. All these become joined ; and the bone is completely formed about the

thirtieth year of life.

Exceptions to this mode of development occur in the first, second, and seventh

cervical, and in the vertebrte of the lumbar region.

The Atlas (fig. ii) is developed by two primary centres, and by one or more
epiphyses. The two primary centres are destined for the two lateral or neural

masses, the ossification of which commences before bii-th, near the articular pro-

cesses, and extends backwards : these portions of bone are separated from one

another behind, at birth, by a narrow interval filled in with cartilage. Between
the second and third years, they unite either directly or through the medium of an

epiphysal centre, developed in the cartilage near their point of junction. The
anterior arch, at birth, is altogether cartilaginous, and this portion of the atlas

is completed by the gradual extension forwards and ultimate junction of the two

neural processes. Occasionally, a separate nucleus is developed in the anterior arch,

which, extending laterally, joins the neural processes in front of the pedicles ; or,

there are two nuclei developed in the anterior arch, one on either side of the median
line, which join to form a single mass, afterwards united to the lateral portions in

front of the articulating processes.

The Axis (fig. 12) is developed hj six centres. The body and arch of this bone

are formed in the same manner as the corresponding parts in the other vertebrte

:

one centre for the lower part of the body, and one for each lamina. The odontoid

process consists originally of an extension upwards of the cartilaginous mass, in

which the lower part of the body is formed. At about the sixth month of fcetal

life, two osseous nuclei make their appearance in the base of this process : they

are placed laterally, and join before birth to form a conical bi-lobed mass deeply

cleft above ; the interval between the cleft and the summit of the process is formed
by a wedge-shaped jsiece of cartilage ; the base of the process being separated from
the body by a cartilaginous interval, which gradually becomes ossified, sometimes

by a separate epiphysal nucleus. Finally, as Dr. Humphry has demonstrated, the

apex of the odontoid process has a separate nucleus.

The Seventh Cervical. The anterior or costal part of the transverse process

of the seventh cervical, is developed from a sej)arate osseous centre at about the

sixth month of fcetal life, and joins the body and posterior division of the trans-

verse process between the fifth and sixth years. Sometimes this process continues

as a separate piece, and, becoming lengthened outwards, constitutes what is known
as a cervical rib.

The Lumbar Yertehrce (fig. 13) have two additional centres (besides those

peculiar to the vertebrse generally), for the tubercles, which project from the back

part of the superior articular processes. The transverse process of the first lumbar

is sometimes developed as a separate piece, which may remain permanently uncon-

nected with the remaining portion of the bone ; thus forming a lumbar rib, a

peculiarity which is rarely met with.

Progeess of Ossification in the Spine Generally. Ossification of the laminse

of the vertebrae commences at the upper part of the spine, and proceeds gradually

downwards ; hence the frequent occurrence of spina bifida in the lower part of the

spinal column. Ossification of the bodies, on the other hand, commences a little

below the centre of the spinal column (about the ninth or tenth dorsal vertebrae),

and extends both upwards and downwards. Although, however, the ossific nuclei

make their first appearance in the lower dorsal vertebrse, the lumbar and first

sacral are those in which these nuclei are largest at birth.

Attachment of Muscles. To the Atlas are attached the Longus colli. Rectus

anticus minor, Rectus lateralis. Rectus posticus minor, Obliquus superior and in-

ferior, Splenius colli, Levator anguli scapute, Interspinous, and Intertransverse.

To the Axis are attached the Longus colli, Obliquus inferior, Rectus posticus
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major, Semi-spinalis colli, Multifidus spinse, Levator anguli scapulse, Splenius colli,

Transversalis colli, Scalenus posticus, Intertransversales, luterspinales.

To the remaining Vertebra generally are attacked, anteriorly, the Rectus anticus

major, Lougus colli. Scalenus anticus and posticus, Psoas magnus. Psoas parvus,

Quadi-atus lumborum. Diaphragm, Obliquus internus and transversalis,

—

iMsieriorlij,

the Trapezius, Latissimus dorsi. Levator anguli scapulae, Rhomboideus major and

minor, Serratus posticus superior and inferior, Splenius, Sacro-lumbalis, Longissi-

mus dorsi, Spinalis dorsi, Cervicalis ascendens, Transversalis colli, Trachelo-mastoid,

Complexus, Semi-sjainalis dorsi and colli, Multifidus spinae, Interspinales, Supra-

spiuales, Intertransversales, Levatores costarum.

Saceal and Coccygeal Vertebra.

The Sacral and Coccygeal Vertebrse consist, at an early period of life, of nine

separate pieces, which are united in the adult, so as to form two bones, five entering

into the formation of the sacrum, four into that of the coccyx. Occasionally, the

coccyx consists of five bones.*

The Sacrum (fig. 14) is a large triangular bone, situated at the lower part

14.—Sacrum, Anterior Surface.

J'ronwniorif

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 ossa innominata ; its upper

part, or base, articulating with the last lumbar vertebra, its apes 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

* Dr. Humphry describes this as the usual composition of the Coccyx.— On the

Skeleton, p. 456.
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angle, called the promontory or sacro-vertehral angle, whilst its central part is

directed backwards, so as to give increased capacity to the pelvic cavity. It pre-

sents for examination an anterior and posterior STirface, two lateral surfaces, a base,

an apex, and a central canal.

The Anterior Surface is concave from above downwards, and slightly so from
side to side. In the middle are seen four transverse ridges, indicating the original

division of the bone into five separate pieces. The portions of bone intervening

between the ridges correspond to the bodies of the vertebra9. The body of the

first segment is of large size, and in form resembles that of a lumbar vertebra ; the

succeeding ones diminish in size from above downwards, are flattened from before

backwards, and carved so as to acoom-

15.—Vertical Section of the Sacrum. modate 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 form, diminish-

ing in size from above downwards, and

directed outwards and forwards ; they

transmit the anterior branches of the

sacral nerves. External to these fora-

mina is the lateral mass, consisting, at

an early period of life, of separate seg-

ments, which correspond to the ante-

rior transverse processes ; these, become
blended, in the adult, with the bodies,

with each other, and 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

being separated 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. 15), the

bodies are seen to be united at their

circumference by bone, a wide interval

being left centrally, which, in the recent

state, is filled by intervertebral sub-

stance. In some bones, this union is

more complete between the lower seg-

ments than between the upper ones.

The Posterior Surface (fig. 16) 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 vertebrEe. 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 lamince, broad and well mai-ked

in the first three pieces ; sometimes the fourth, and generally the fifth, being un-

developed ; in this situation the lower end of the sacral canal is exposed. External

to the lamince is a linear series of indistinct tubercles representing the articular

processes; tbe upper pair are large, well developed, and correspond in shape and

direction to the superior articulating processes of a lumbar vertebra ; the second

and third are small ; the fourth and fifth (usually blended together) are situated
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on eacli side of the sacral canal : they are called the sacral cornua, and articulate

with the cornua of the coccyx. Bsternal to the articular processes are the four

posterior sacral foramina ; they are smaller in size and less regular 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

i6.—Sacrum, Posterior Surface.

posterior transverse processes of the sacral vertebras. The first pair of transverse

tubercles are of large size, very distinct, and correspond with each superior angle

of the bone ; the second, small in size, enter into the formation of the sacro-iliac

articulation ; the third give attachment to the oblique fasciculi of the posterior sacro-

iliac ligaments ; and the fourth and fifth to the great sacro-sciatic ligaments. The
interspace between the spinous and transverse processes on the back of the sacrum

presents a wide shallow concavity, called the sacral groove ; it is continuous above

ycith the vertebral groove, and lodges the origin of the Erector spince.

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 cartilage. It is bounded posteriorly by deep and uneven impressions, for

the attachment of the posterior sacro-iliac ligaments. The lower half is thin and

sharp, and gives attachment to the greater and lesser saoro-sciatic ligaments,

and to some fibres of the Gluteus maximus ; below, it presents a deep notch,

which is converted into a foramen by articulation with the articular process

of the upper piece of the coccyx, and transmits the anterior branch of the fifth

sacral nerve.

The Base of the sacrum, which is broad and expanded, is directed upwards and

forwards. In the middle is seen an oval articular surface, which corresponds with
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tlie under surface of the body of the last lumbar vertebra, bounded behind by
the large triangular orifice of the sacral canal. This orifice is formed behind by
the spinous process and laminee of the first sacral vertebra, whilst projecting from
it on each side are the superior articular processes ; 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 articular surface is a broad and flat triangular surface of bone, which extends

outwards, and is continuous on each side with the iliac fossa.

The Apex, directed downwards and forwards, presents a small oval concave

surface for articulation with the coccyx.

The Sacral Ganal runs throughout the greater part of the bone ; it is large

and triangular in form above, small and flattened from before backwards below.

In this situation, its posterior wall is incomplete, from the non-development of the

laminte and spinous processes. Itlodges

17.—Development of Sacrum. the sacral nerves, and is perforated by
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fK-i* // Differences in the Saceum of the

Male and Female. The sacrum in

the female is usually wider than in

the male ; and it is much less curved,

the upper half of the bone being nearly

straight, the lower half presenting the

greatest amount of curvature. The
bone is also directed more obliquely

backwards ; which increases the size of

the pelvic cavity, and forms a more
prominent sacro-vertebral angle. In

. -_ ^__ , the male, the curvature is more evenly
* •' " \' 1

"
- _ ~ ^ ) / distributed over the whole length of

the bone, and is altogether greater

than in the female.

Peculiaeities op the Saceum. This

bone, in some cases, consists of six

pieces ; occasionally, the number is re-

duced to four. Sometimes the bodies

of the first and second segments are

not joined, or the laminae and spinous

processes have not coalesced. Occa-

sionally, the upper pair of transverse

tubercles are not joined to the rest of

the bone on one or both sides ; and

lastly, the sacral canal may be open for

nearly the lower half of the bone, in

consequence of the imjDerfect develop-

at 25 r: y^ '^ /f'^V»--~-s^'tS\\\7 meut of the laniinse and spinous pro-

cesses. The sacrum, also, varies con-

siderably with respect to its degree of

curvature. From the examination 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
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slight, affecting only its lower end. In another set of cases, the bone was carved
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. 17). The sacrum, formed by the union of five vertebraa, has

thirty-Jive centres of ossification.

The bodies of the sacral vertebra have each three ossific centres ; one for the

central part, and one for the epiphysal plates on its upper and under surface.

The arch of each sacral vertebra is developed by two centres, one for each

lamina. 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

vertebrse. These centres make their appearance above and to the outer side of

the anterior sacral foramina (fig. 17), and are developed into separate segments,

which correspond with the anterior transverse processes (fig. 18) ; they are subse-

quently blended with each other, and with the bodies and the posterior transverse

processes, to form the lateral mass.

Lastly, each lateral siirfaoe of the sacrum is developed by two epiphysal plates

(fig. 19) ; one for the auricular surface, and one for the remaining part of the thin

lateral edge of the bone.

Period of Development. At about the eighth or ninth week of foetal life, ossifi-

cation of the central part of the bodies of the first three vertebras commences
;

and, at a somewhat later period, that of the last two. Between the sixth and
eighth months ossification of the laminee takes place ; and, at about the same
period, the characteristic osseous tubercles for the first three sacral vertebrse make
their appearance. The laminse join to form the arch, and are united to the bodies,

first, in the lowest vertebree. This occurs about the second year, the uppermost

segment appearing as a single piece about the fifth or sixth year. About the six-

teenth 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. At
about this period the last two segments are joined

to one another ; and this process gradually ex-

tending upwards, all the pieces 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 ossa innominata.

Attachment of Muscles. In front, the Pyiiformis

and Coccygeus, and a portion of the Iliaous to the

base of the bone ; behind, the Gluteus maximus,

Latissimus dorsi, Multifidus spinse, and Erector

spinse, and sometimes the Extensor coccygis.

The Coccyx.

The Coccyx (/coK-cwt, aucJcoo), so called from

having been compared to a cuckoo's beak (fig. 20),

is usually formed of four small segments of bone, the

most rudimentary parts of the vertebral column.

In each of the first three segments may be traced

a rudimentary body, articular and transverse pro-

cesses ; the last piece (sometimes the third) is

a mere nodule of bone, without distinct pro-

cesses. All the segments are destitute of laminje

and spinous processes ; arid, consequently, of

si^inal canal and intervertebral foramina. The

first segment is the largest ; it resembles the lower-

most sacral vertebra, and often exists as a separate

piece ; the last three, diminishing in size from above do'<^-nwards, are usually blended

JPosterCor St-vrfa.



THE SPINE m GENERAI;. 17

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-cocoygeal ligament and Levator ani muscle, and

supports the lower end of the rectum. The 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

vertebrje. Of these, the superior pair are veiy larg-e ; and are called the cornua

of the coccyx ; they project upwards, and articulate with the cornua of the sacram,

the junction between these two bones completing the fifth sacral foramen for

the transmission of the posterior branch of the fifth sacral nerve. The lateral

borders are thin, and present a series of small eminences, which represent the

transverse processes of the coccygeal vertebrae. Of these, the first on each side

is of large size, flattened from before backwards ; and often ascends to join the

lower part of the thin lateral edge of the sacrum, thus completing the fifth sacral

foramen ; the others diminish in size from above downwards, and are often

wanting. The borders of the ooceys are narrow, and give attachment on each

side to the sacro-sciatic ligaments and Coccygeus muscle. The hase presents an
oval surface for articulation with the sacrum. The apex is rounded, and has

attached 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 foiir 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 following order

:

the first two pieces join ; then the third and fourth ; and, lastly, the bone is com-
pleted 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.

Attacliment of Muscles. On either side, the Coccygeus ; behind, the Gluteus

maximus, and Extensor coccygis, when present ; at the apex, the Sphincter ani ; and
in front, the Levator ani.

Of the Spine m general.

The spinal column, formed by the junction of the vertebree, is situated in the

median line, at the posterior part of the trunk : its average length is about two feet

two or three inches, measured 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.

Viewed in front, it presents two pyramids joined together at their bases, the

upper one being formed by all the vertebree from the second cervical to the last

lumbar ; the lower one by the sacrum and coccyx. When examined more closely,

the upper pyramid is seen to be formed of three smaller pyramids. The upper-

most of these consists of the six lower cervical vertebrffi ; 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 vertebra, 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.

Viewed laterally (fig. 21), the spinal column presents several curves, which cor-

respond to the different regions of the column, and are called cervical, dorsal,

hiinbar, and pelvic. The cervical curve commences at the apex of the odontoid

process, and terminates at the middle of the second dorsal vertebra ; it is convex
in front, and is the least marked of all the curves. The dorsal curve, which is

concave forwards, commences at the middle of the second, and terminates at the

C
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middle of the twelftli dorsal. Its most
prominent point behind corresponds to

the body of the seventh or eighth verte-

bra. 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 npper ones. The
pelvic curve commences at the sacro-ver-

tebral articulation, and terminates at the

point of the coccyx. It is concave an-

teriorly. These curves are partly due to

the shape of the bodies of the vertebrae,

and partly to the intervertebral substances,

as will be explained in the Articulations

of the Spine.

The spine has also a slight lateral

curvature, the convexity of which is di-

rected towards the right side. This is

most probably produced, as Bichat first

explained, chiefly by muscular action

;

most persons using the right arm in

preference to the left, especially in making-

long-continued efforts, when the body is

curved to the right side. In support

of this explanation, it has been found,

by Beclard, that in one or two individuals

who were left-handed, the lateral curva-

ture was directed to the left side.

The spinal column presents for exami-

nation an anterior, a posterior, and two
lateral surfaces ; a base, summit, and ver-

tebral canal.

The anterior surface presents the bodies

of the vertebrse separated in the recent

state by the intervertebral discs. The
bodies are broad in the cervical region,

narrow in the npper part of the dorsal,

and broadest in the lumbar region.

The whole of this surface is convex
transversely, concave from above down-
wards in the dorsal region, and convex
in the same direction in the cervical and
lumbar regions.

The posterior surface presents in the

median line the spinous processes. These

are short, horizontal, with bifid extremi-

ties, in the cervical region. In th,e dorsal

region, they are directed obliquely above,

assume almost a vertical direction in the

middle, and are horizontal below, as are

also the spines of the lumbar vertebrae.

They are separated by considerable in-

tervals in the loins, by narrower intervals

in the neck, and are closely approximated
in the middle of the dorsal region. Occa-

21.—Lateral View of the Spine.
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sionally 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 frac-

tnres 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

laminEe in the cervical and lumbar regions, where it is shallow, and by the laminee

and transverse processes in the dorsal region, where it is deep and broad, la. 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 trans-

vei'se processes. 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 between the intervertebral foramina. In the lumbar, they

are placed also in front of the articular processes, but behind the intervertebral

foramina. In the dorsal region, they are posterior both to the articular processes

and 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 pi-esent 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 inter-

vertebral 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 the vertebral column 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 rounded in the back, where motion is more limited.

THE SKULL.

The Skull, or superior expansion of the vertebral column, is composed of four

vertebrte, the elementary parts of which are specially modified in form and size,

and almost immoveably connected, for the reception of the brain, and special

organs of the senses. These vertebrte are the occipital, parietal, frontal, and

rasal. Descriptive anatomists, however, divide the skull into two parts, the

Cranium and the Face. The Cranium {Kpayoc, a helmet) is composed of eight

bones : viz., the occipital, tivo parietal, frontal, two temporal, sphenoid, and ethmoid.

The Face is composed oifourteen bones : viz., the two nasal, two superior maxillary,

two lachrymal, tivo malar, two palate, two inferior turbinated, vomer, and inferior

maxillary. The ossicula auditus, the teeth, and Wormian bones, are not included in

this enumeration.

r Occipital.

Two Parietal.

Frontal.

Two Temporal.

I
Sphenoid.

L Ethmoid.

SJeull, 22 bones.i f Two Nasal.

Two Sujjerior Maxillary.

Two Lachrymal.

Two Malar.

Two Palate.

Two Inferior Turbinated.

Vomer.
Inferior Maxillary.

fCranium; 8 hones

Face, 14 bones, <^
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The Occipital Bone.

The Occipital Bone (fig. 22) is situated at the back part and base of the cranium,

is trapezoid in form, curved upon itself, and presents for examination two surfaces,

four borders, and fonr angles.

The External Surface is convex. Midway between the summit of the bone and

the posterior margin of the foramen magnum is a prominent tubercle, the external

occipital protuberance, for the attachment of the Ligamentuni nuchse ; and descend-

ing from it as far as the foramen, a vertical ridge, the external occipital crest.

This tubercle and crest vary in prominence in different skulls. There is a semi-

circular ridge on each side, passing outwards from the occipital protuberance. These

are the superior curved lines ; and running parallel with these from the middle of

the crest, are the two inferior curved lines. The surface of the bone above the

superior curved lines is smooth on each side, and, in the recent state, is covered by
the Occipito-frontalis muscle, whilst the ridges, as well as the surface of the bone

22.—Occipital Bone. Outer Suiface.
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between them, serve for the attachment of numerous muscles. The superior

curved line gives attachment internally to the Trapezius, above which is the apo-

neurosis of the occipito-frontalis, externallj- to the muscular origin of the Occipito-

frontalis and to the Sterno-cleido-mastoid, to the extent shown in fig. 22 ; the depres-

sions between the curved lines to the Complexus internally, the Splenius capitis and

Obliquus capitis superior externally. The inferior curved line, and the depressions

below it, afford insertion to the Rectus capitis posticus, major and minor.

The /ora?)ieK magmim is a large oval aperture, its long diameter extending from

before backwards. It transmits the medulla oblongata and its membranes, the spinal

accessory nerves, and the vertebral arteries. Its back part is wide for the trans-

mission of the cord, and the coi'responding margin rough for the attachment

of the dura mater enclosing the cord ; the fore part is narrower, being encroached

upon by the condyles ; it has projecting towards it from below the odontoid pro-
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cess, and its margins are smooth and bevelled internally to support the medulla
oblongata. On each side of the foramen magnum are the condyles, for articulation

with the atlas : they are convex, oblong, or reniform in shape, and directed down-
wards and outwards

; they converge in fronC, and encroach slightly upon the
anterior segment of the foramen. On the inner border of each condyle is a rough
tubercle for the attachment of the ligaments (check) which nnnect 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 trans-

verse 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 affords attachment to the Rectus capitis lateralis

; its upper or cerebral

surface presents a deep groove which lodges part of the lateral sinus, whilst its

prominent exti-emity is marked by a quadrilateral rough surface, covered with carti-

lage in the fresh state, and articulating with a similar surface 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 posterior

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 Recti capitis antici, major and minor.

The Internal or Oerebml Surface (fig. 23) is deeply concave. The posterior

or occipital part is divided by a crucial ridge into four fosste. The t(W0 superior

fossEe receive the posterior lobes of the cerebrum, and present shght eminences and
depressions corresponding to their convolutions. The two inferior, which I'eceive

the hemispheres of the cerebellum, are larger than the former, and comparatively

smooth ; both are marked by slight grooves for the lodgment of arteries. 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 in-

ferior 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 oerebelli. It is

usually marked by two small grooves, which commence on either side of the

posterior margin of the foramen magnum, join together above, and run into the

depression for the Torcular Herophili. They lodge the occipital sinuses. The
transverse grooves pass outwards to the lateral angles

; they are deeply channelled,

for the lodgment of the lateral sinuses, their prominent margins affording attach-

ment to the tentorium cerebelli.f At the point of meeting of these grooves is a

depression, the 'Torcular Herophili,' J placed a little to one or the other side of

the internal occipital protuberance. More anteriorly is the foramen magnum, and

* This fossa presents 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, hut confined to one side only ; more rarely, the fossa and foramen are very large ou
both sides.

t Usually one of the transverse grooves is deeper aud broader than the other ; oeeasionally,

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

supeiior longitudinal sinus, and occupies the corresponding side of the median line.

X The columns of blood coming in different directions were supposed to be pressed

together at this point.
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on each side of it, but nearer its anterior tlian its posterior part, the internal

openings of the anterior condyloid foramina; the internal openings of the posterior

condyloid foramina being a little external and posterior to them, protected by a

small arch of bone. At this part of the internal surface there is a very deep

groove, in which the posterior condyloid foramen, when it exists, has its termination

inside the skull. This groove is continuous in the complete skull with that which

separates the upper from the lower fossse, and lodges the end of the same sinus,

the lateral. In front of the foramen magnum is the basilar 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, which, when united with a

23.—Occipital Bone. Inuer Surface.
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similar channel on the petrous portion of the temporal bone, forms a groove, which

lodges the inferior petrosal sinus.

Angles. The superior angle isi received into the interval between the posterior

superior angles of the two parietal bones : it corresponds with that part of the

skull in the foetus which is called the posterior fontanelle. The inferior angle is

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.
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Borders. The superior extends on each side fi-om the superior to the lateral

angle, is deeply serrated for articulation with the parietal bone, and forms, by this

union, the lambdoid suture. The inferior border extends from the lateral to

the inferior angle
;

its upper half is rough, and articulates with the mastoid por-

tion of the tfemporal, forming the masto-occipital suture : the inferior half articu-

lates 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. This notch is occasionally

subdivided into two parts by a small process of bone, and it sometimes presents an
aperture at its upper part, the internal opening of the posterior condyloid foramen.

Structure. The occipital bone consists of two compact laminas, called the otUer

and inner tables, having between them the diploic tissue : this bone is especially

thick at the ridges, protuberances, condyles, and anterior part of the basilar

process ; whilst at the bottom of the fossffi, especially the inferior, it is thin, semi-

transparent, and destitute of diploe.

Development (fig. 24). The occipital bone has /r)«c centres of development

:

one for the posterior or occi-

24.—Development of Occipital Bone. pital part, which is formed in
By Foiu- Centres. membrane ; one for the basi-

lar portion, and one for each
condyloid portion, which are

formed in cartilage.

The centre for the occipi-

tal portion appears about the

tenth week of foetal life ; and
consists, according to Blandin
and Crnvelhier, of a small,

oblong plate which appears

in the situation of the occi-

pital protuberance.* The
condyloid portions then ossify,

and lastly the basilar portion.

At birth, the bone consists of

four parts, separate from one another, the occipital portion being fissured in the

direction indicated in the plate above. At about the fourth year, the occipital 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.

I,
Articulations. With six bones : two parietal, two temporal, sphenoid, and atlas.

Attachment of Muscles. To the superior curved line are attached the Occipito-

frontalis, Trapezius, and Sterno-cleido-mastoid.f To the space between the curved
lines, the Complexus, Splenius capitis, and Obliquus superior ; to the inferior

curved line, and the space between it and the foramen magnum, the Rectus
posticus major and minor ; to the transverse process, the Rectus lateralis

; and to

the basilar process, the Rectus anticus major and minor, and Superior Constrictor

of the pharynx.

The Paeietal Bones.

The Parietal Bones {paries, a wall) 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.

* Beolard considers this segment to have four centres of ossification, arranged in pairs,

two above and two below the curved hues, and IMeckel describes eight, four of which
correspond in situation with those above described : of the other four, two are placed in

juxtaposition, at the upper angle of the bone, and the remaining two, one at each side, in

the lateral angles.

t To these the Biventer cervicis should be added, if it is regarded as a separate muscle.

for occijiif^i
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Surfaces. The external surface (fig. 25) is convex, smooth, and marked about

its centre by an eminence, called the parietal eminence, which indicates the point

where ossification commenced. Crossing the middle of the bone in an arched

direction is a curved ridge, the temporal ridge, for the attachment of the temporal

fascia. Above this ridge, the surface of the bone is rough and porous, and covered

by the aponeurosis of the Occipito-frontalis; below it the bone is smooth, forms

part of the temporal fossa, and aflEbrds attachment to the temporal muscle. At
the back part of the superior border, close to the sagittal suture, is a small

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 its size varies considerably.

The internal surface (fig. 26), concave, presents eminences and depressions for

lodging the convolutions of the cerebrum, and numerous furrows for the ramifica-

tions 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 cerebri. Near
the groove are seen several depressions ; they lodge the Pacchionian bodies.

The internal opening of the parietal foramen is also seen when that aperture

exists.

25.—Left Parietal Bone. External Sm'face.
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Bm-ders: The superior, the longest and thickest, is dentated to articulate with

its fellow of the opposite side, forming the sagittal suture. The inferior is

divided into three parts : of these, the anterior is thin and pointed, bevelled at 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,
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and overlapped by the squamous portion of the temporal ; the posterior portion is

thick and serrated for articulation with the mastoid portion of the temporal. The

anterior harder, 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 lambd.oid suture.

26.—Left Parietal Bone. Internal Surface.
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Angles. The anterior superior, thin and pointed, corresponds with that portion of

the skull which in the foetus is membranous, and is called the anterior fonta7ielle.

The anterior inferior angle is thin and lengthened, being received in the interval be-

tween the great wing of the sphenoid and the frontal. This point will be found

about one inch behind the upper and outer angle of the orbit. Its inner surface is

marked by a deep groove, sometimes a canal, for the anterior branch 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 stall is membranous,
and is called the posterior fontanelle. The posterior inferior angle articulate.^ with

the mastoid portion of the temporal bone, and generally presents on its inner snrfaee

a broad phallow groove 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 fifth or sixth week of fcetal life. Ossification gradually extends from the

centre to the circumference of the bone : the angles are consequently the parts last

formed, and it is in their situation, that the fontanelles exist, previous to the com-
pletion of the growth of the bone.

Articulations. With five bones : the opposite parietal, the occipital, frontal,

tempoi-al, and sphenoid.

Attachment of Muscles. One only, the Temporal.
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The Fbontal Bone.

This bone, which, resembles a cockle-shell in form, consists of two portions—

a

vertical or frontal portion, situated at the anterior part of the craniam, forming the

forehead ; and a horizontal or orbito-nasal portion, which enters into the formation

of the roof of the orbits and nose.

Vertical Portion. Uxternal Surface (fig. 27). In the median line, traversing the

tone from the upper to the lovrer part, is occasionally seen a slightly elevated ridge,

and in young subjects a suture, which represents the line of union of the two late-

ral 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 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 emi-

nence. These eminences vary in size in different individuals, and are occasionally

unsymmetrical in the same subject. They are especially prominent in cases of well-

27.— Frontal Bone. Outer Sunlice.

marked cerebral development. The whole 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 it by a slight groove, is the superciliary ridge^

broad internally where it is continuous with the nasal eminence, but less distinct as

it arches outwards. These ridges ^re caused by the projection outwards of the fron-

tal sinuses,* and give attachment to the Orbicularis palpebrarum and Corrugator

supercilii. Beneath the superciliary ridge is the supra-orbital arch, a curved and

* Some confusion is occasioned to students commencing the study of anatomy, by the

name ' 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 ' sinuses ' on

the interior of the cranium, marked by grooves on the inner sm-face of the bones, are venous

channels alono- which the blood runs in its passage back from the brain, while the ' sinuses

'

on the outside' of the cranium (the frontal, ethmoidal, sphenoid, and maxillary) are hollow

spaces in the bones themselves, which communicate with the nostrils, and contain air.
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jjrominent margin, wliioli forms the upper boundary of the orbit, and separates tbe

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

injury ; the inner part is less prominent. At the inner third of this arch is a notch,

sometimes converted into a foramen by a bony process, and called the supra-orbital

notch or foramen. It transmits the supra-orbital artery, vein, and nerve. A small

aperture is seen in the upper part of the notch, which transmits a vein from the

diploe to join the ophthalmic vein. The supra-orbital arch terminates externally

in the external angular process, and internally in the internal angular process. The
external angular process is strong, prominent, and articulates with the malar

bone ; running upwards and backwards from it is a sharp curved crest, the temporal

ridge, for the attachment of the temporal fascia ; and beneath it a sUght conca-

vity, that forms the anterior part of the temporal fossa, and gives origin to the

Temporal muscle. The internal angalar processes are less marked than the

external, 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 nasal process of the superior

maxillary bone. The notch is continuous below with a long pointed process, the

nasal spine.

Vertical Portion. Internal Surface (fig. 28). Along the middle line is a

28.—Frontal Bone. Inner Surface.

xjimidcd base if Kasal SpniE,

vertical groove, the edges of which unite below to form a ridge, the frontal crest

;

the groove lodges the superior longitudinal sinus, whilst its edges afibrd'attach-

ment to the falx cerebri. The crest terminates below at a 'small opening, the
foramen ceecum, which is generally completed behind by the ethmoid. This
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foramen varies in size in different subjects, is nsually partially or completely

impervious, lodges a process of the falx cerebri, and, when open, transmits a vein

from tbe 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 fossse 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, which form the vault of the orbits, separated from one another by
the ethmoidal notch. Each orbital vault consists of a smooth, concave, triangular

plate of bone, marked at its anterior and external part (immediately beneath the

external angular process) by a shallow depression, the lachrymal fossa, for lodging

the lachrymal gland ; and at its anterior and internal part, by a depression (some-

times a small tubercle) for the attachment of the fibrous pulley of the Superior

oblique muscle. 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 half-cells, which, when
united with corresponding half-cells on the upper surface of the ethmoid, complete

the ethmoidal cells ; two grooves 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 pos-

terior one the posterior ethmoidal vessels. In front of the ethmoidal notch is the

nasal spine, a sharp-pointed eminence, which projects downwards and forwards, and
articulates in front with the crest of the nasal bones ;

behind, it is marked by two
grooves, separated by a vertical ridge ; the ridge articulates with the perpendicular

lamellfe of the ethmoid, the grooves form part of the roof of the nasal fossas. On
either side of the base of the nasal spine are the openings of the frontal sinuses.

These are two irregular cavities, which 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 root of the

nose, called the nasal eminences and superciliary ridges. In the child they are gene-

rally 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 fre-

quently of unequal size on the two sides, the left being commonly the larger.

Occasionally, they are subdivided by incomplete bony laminse. They are lined by
mucous membrane, and communicate with the nose by the infundibulum, and occa-

sionally with each other by apertures in their septum.

The Internal Surface of the Horizontal Portion presents the convex upper surfaces

of the orbital plates, separated from each other in the middle line by the ethmoidal

notch, and marked by eminences and depressions for the convolutions of the anterior

lobes of the brain.

Borders. The border of the vertical portion is thick, strongly serrated, 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 ; this border is continued below into a triangular rough

surface, which articulates with the great wing of the sphenoid. The border of

the horizontal portion is thin, serrated, and articulates with the lesser wing of the

sphenoid.

Structure. The vertical portion and external angular processes are very thick,

consisting of diploic tissue contained between two compact laminse. The horizontal

portion is thin, translucent, and composed entirely of compact tissue ; hence the

facility with which instruments can penetrate the cranium through this part of

the orbit.

Development (fig. 29). The frontal bone is formed in membrane, being deve-

loped by two centres, one for each lateral half, which make their appearance, at
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an early period of fcetal life, in the situation of the orbital arches. From this

point ossification extends, in a radiating manner, upwards into the forehead,

and backwards over the orbit.
29.—Frontal Bone at Birth.

Developed by two lateral Halves.
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At birth it consists of two pieces,

which afterwards become united,

along the middle line, by a suture

which runs from the vertex to

the root of the nose. This suture

usually becomes obliterated with,

in a few years after birth ; but

it occasionally remains throughout

life.

Articulations. With twelve bones :

two parietal, sphenoid, ethmoid : two
nasal, two superior maxillary, two
lachrymal, and two malar.

Attachment of Muscles. The Corrugator supercilii, Orbicularis palpebrarum, and
Temporal, on each side.

.
The Temporal Bones.

The Temporal Bones are situated at the side and base of the skull, and present

for examination a squamoiis, mastoid, and petrous portion.

The Squamous Portion {squama, a scale) (fig. 30), the anterior and upper part of

30.—Left Temporal Bone. Outer Surface.

stolUfoi

the bone, is scale-like in form, and thin and translucent in texture. Its outer surface
is smooth, convex, and grooved at its back part for the deep temporal arteries

;

it affords attachment to the Temporal muscle, and forms part of the temporal fossa,
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At its tack part may be seen a cnrved ridge—part of the temporal ridge ; it

serves for the attachment of the temporal fascia, limits the origin of 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 a long arched

outgrowth of bone, the zygomatic process. This process is at first directed out-

wards, its two surfaces looking upwards and downwards ; it then appears as if

twisted upon itself, and runs forwards, its surfaces now looking inwards and out-

wards. The superior border of the process is long, thin, and sharp, and serves for

the attachment of the temporal fascia. The inferior, short, thick, and arched, has

attached to it some fibres of the Masseter muscle. Its outer surface is convex and

subcutaneous ; its inner is concave, and also affords attachment to the Masseter.

The extremity, 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 anterior, middle, and posterior. The anterior, which is short but broad

and strong, runs transversely inwards into a rounded eminence, the eminentia

articularis. This eminence forms the front boundary of the glenoid fossa, and in

the recent state is covered with cartilage. The middle root forms the outer

margin of the glenoid cavity ; running obliquely inwards, it terminates at the

commencement of a well-marked fissure, the Glaserian fissure ; whilst the posterior

root, which is strongly marked, runs from the upper border of the zygoma, in an

arched dii-ection, upwards and backwards, forming the posteiior part of the tempo-

ral ridge. At the junction of the anterior root with the zgyoma 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, forming

part of the glenoid fossa (yXiifij, a soclcef), for the reception of the condyle of the

lower jaw. This fossa is bounded, in front, by the eminentia articularis
; behind, by

the vaginal process ; and, externally, by the auditory process and 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 is separated from the auditory process by a small tubercle,

the post-glenoid process, 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 (Humphry). The posterior part of the

glenoid fossa is formed chiefly by the vaginal process of the petrous portion, and
lodges part of the parotid gland. The Glaserian fissure, which leads into the

tympanum, lodges the processus gracilis of the malleus, and transmits the Laxator

tympani muscle and the tympanic branch of the internal maxillary artery. The
chorda tympani nerve passes through a 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 jjortion (fig. 31) 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.

Borders. The superior border is thin, bevelled at the expense of the internal

surface, so as to overlap the 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 the

great wing of the sphenoid. .

The Mastoid Portion (iiatr-oc, a nipple or teat) is situated at the posterior part

of the bone ; its outer surface is rough, and 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. The

position and size of this foramen are very variable. It is not alwaj's present ; some-

* This small fissure must not be confounded with the large canal which lies above the

Eustachian tube and transmits the Tensor tympani muscle.
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times it is situated in the occipital bone, or in the suture between the temporal and the

occipital. The mastoid portion is continued below into a conical projection, the mas-

toid process, the size and form of which vary somewhat. This process serves for the

attachment of the Sterno-mastoid, Splenius capitis, and Trachelo-mastoid muscles.

On the inner side of the mastoid process is a deep groove, the digastric fossa, for

the attachment of the Digastric muscle ; and, running parallel with it, but more
internal, the occipital groove, which lodges the occipital artery. The internal

surface of the mastoid portion presents a deep curved groove, which lodges part

of the latei'al sinus ; and into it may be seen opening the mastoid foramen. A
section of the mastoid process shows it to be hollowed out into a number of cellular

spaces, communicating with each other, called the mastoid cells ; they open by a

single or double orifice into the back of the tympanum ; are lined by a prolonga-

tion of its lining membrane ; and, probablj^ form some secondary part of the

organ of hearing. The mastoid cells, like the other sinuses of the cranium, are not

developed until after puberty ; hence the prominence of this process in the adult.

Borders. The superior border of the mastoid portion is broad and rough, its

serrated edge sloping outwards, for articalatiou with the posterior inferior angle of

31.—Left Temporal Bone. Inner Surface.
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the parietal bone. The posterior border, also uneven and serrated, articulates

with the inferior border of the occipital bone between its lateral angle and jugular

process.

The Petrous Portion {-wirpoQ, 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 sur-

faces, and three borders ; and contains, in its interior, the essential parts of the

organ of hearing. The hase 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 those two portions of the bone which brings into view the

oval expanded orifice of a canal leading into the tympanum, the meatus auditorius
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externus. This canal is situated between the mastoid process and the posterior

and middle roots of the zygoma ; its upper margin is smooth and ronnded, but the

greater part of its circumference is surrounded by a curved plate of bone, the audi-

tory process, 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 great wing of the sjahenoid and the

basilar process of the occipital ; it presents the anterior or internal orifice of the

carotid canal, and forms the posterior and external boundary of the foramen
lacerum medium.

The anterior surface of the petrous portion (fig. 31) forms the posterior part

of the middle fossa of the skull. This surface is continuous with the squamous
portion, to which it is united by the suture, the temporal suture, the remains of

which are distinct even at a late period of life : it presents six points for examina-

tion : I . an eminence near the centre, which indicates the situation of the superior

vertical semicircular canal : 2. on the outer side of this eminence a depression, in-

32.—Petrous Portion. Inferior Surface.
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dicating the position of the tympanum, the layer of bone which separates the

tympanum from the cranial cavity being extremely thin : 3. a shallow groove, some-

times double, leading outwards and backwards to an oblique opening, the hiatus

Pallopii, for the passage of the petrosal branch of the Vidian nerve : 4. a smaller

opening, occasionally 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 this situation is deficient in front : 6. above this canal a

shallow depression for the reception of the Casserian 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 presents three points for examination : i. about its centre, a large orifice, the

meatus auditorius internus, whose size vai-ies considerably ; its margins are smooth
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and rounded ; and it leads into a sliort canal, about four lines in lengtb, whicli

runs directly outwards, and is closed by a vertical plate, divided by a horizontal

crest into two unequal portions ; the canal transmits the facial and auditory nerves,

and auditory artery, a branch of the basilar : 2. behind the meatus anditorius, a

small slit, almost hidden by a thin plate of bone, leading to a canal, the aqueeductus

vestibuli, which transmits 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.

The inferior or basilar surface (fig. 32) is rough and irregular, and forms part

of the base of the skull. Passing from the apex to the base, this sui-face presents

eleven points for examination : i. a roiigh 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

first vertically, and then, making a bend, runs horizontally forwards and inwards ;

it transmits the internal carotid artery and the carotid plexus: 3. the aquseductus

cochle»3, 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

internal jugular vein, and, with a similar depression on the margin of the occipital

bone, forms the foramen lacerum posterius : 5. a small foi'amen for the passage of

Jacobson's nerve (the tympanic branch of the glosso-pharyngeal) ; this foramen is

seen in front of the bony ridge dividing the carotid canal from the jugular fossa :

6. a small foramen on the inner wall 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 of bone, which extends from

the carotid canal to the mastoid process ; it divides behind into two laminaj, re-

ceiving between them the 9tli point for examination, the styloid process ; a long-

sharp spine, about an inch in length, continuous with the vaginal process, between

the laminas of which it is received
;

it is directed downwards, forwards, and in-

wards, varies in size and shape, and sometimes consists of several pieces united by

cartilage ; it afi'ords attachment to three muscles, the Stylo-pharyngeus, Stylo-

glossus, and Stylo-hyoideus ; and two ligaments, the stylo-hyoid and stylo-

maxillary : 10. the stylo-mastoid foramen, a rather large orifice, placed between

the styloid and mastoid processes ; it is the termination of the aquceductus Fallopii,

and transmits the facial nerve and stylo-mastoid artery : 11. the auricular fissure,

situated between the vaginal and mastoid j^rocesses, for the exit of the auricular

branch of the pneumogastric nerve.

Bodies of the petrous portion. The superior, the longest, is grooved for the

superior petrosal sinus, and has attached to it 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 by a groove, which, when completed by its articulation with the

occipital, forms the channel for the inferior petrosal sinus. Its outer half presents

a deep excavation—the jugular fos.sa—which, with a similar notch on the occipital,

forms the foramen lacerum posterius. A projecting eminence of bone occasionally

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 processus cochleariformis : they both lead into the tympanum,
the upper one transmitting the Tensor tympani muscle, the lower one the

Eustachian tube.

D
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Structure. The squamous portion is like that of the other cranial bones, the

mastoid portion cellular, and the petrous portion dense and hard.

Development (fig. 33). The tempoi'al bone is develojjed by four centres,

exclusive of those for the internal ear and the ossicula, viz. :—one for the

squamous portion including the zy-

-Developmeut of the Temporal Bone.
By Four Centres.

portt'OTKi

goma, one for the petrous and mastoid

parts, one for the styloid, and one for

the auditory process (tympanic bone).

The first traces of the development of

this bone appear in the squamous por- ^ firS^uainou,

tion, about the time when osseous ^"rfii-^ iiuJuduy,^^

matter is deposited in the vertebrae
;

irjym

the auditory process succeeds next

;

^itJ „^„

it consists of a curved piece of bone,

forming about three-fourths of a cir-

cle, the deficiency being above ;
it

is grooved along its concave surface / far Audita-.

for the attachment of the membrana j'ruues.

tympani, and becomes united by its

extremities to the squamous portion

during the last months of intra-

uterine life. The petrous and mastoid

portions then become ossified, and

lastly the styloid process, vk^hich re-

mains separate a considerable period,

and is occasionally never united to the i Jot Styloii pn-uc.

rest of the bone. At birth, the tem-

poral bone, excluding the styloid process, is formed of three pieces—the squamoas

and zygomatic, the petrous and mastoid, and the auditory. The auditory process

joins vrith the squamous about the time of birth. The petrous and mastoid join

with the squamous during the first year, and the styloid jDrocess becomes united

between the second and third years. The subsequent changes in this bone are,

that the auditory process extends outwards, so as to form the meatus auditorius
;

the glenoid fossa becomes deeper
; and the mastoid part, which at an eai'ly period

of life is quite flat, enlarges from the development of the cellular cavities in its

interior.

Articulations. With five bones—occipital, parietal, sphenoid, inferior maxillary,

and malar.

Attachment of Muscles. To the squamous portion, the Temporal ; to the zygoma,

the Masseter ; to the mastoid portion, the Occipito-frontalis, Sterno-mastoid,

Splenius capitis, Trachelo-mastoid, Digastricus, and Retrahens aurem ; to the

styloid process, the Stylo-pharyngeus, Stylo-hyoideus, and Stylo-glossus ; and to

the petrous jjortion, the Levator palati, Tensor tympani, and Stapedius.

The Sphenoid Bone.

The Sphenoid bone {(rcjx'if, a ivedge)- is situated at the anterior part of the base

of the skull, articulating with all the other cranial bones, which it binds firmly

and solidly together. In its fo;"m it somewhat resembles a bat, with its wings

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 two 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 as

to form a mere shell of bone. It presents for examination four surfaces—a supe-

rior, an inferior, an antei'ior, and a posterior.

The superior surface (fig. 34). In front is seen a prominent spine, the

ethmoidal spine, for articulation with the ethmoid ; behind this a smooth sur-
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face presenting, in tbe median line, a slight longitudinal eminence, with a
depression on each side, for lodging the olfactory nerves. A narrow transverse
groove, the optic groove, bounds the above-mentioned surface behind ; 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 groove 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 perforated by numerous foramina, for the transmission of

34.—Spheuoid Bone. Superior Surface.
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nutrient vessels to the substance of the bone. It is bounded in front by two small

eminences, one on either side, called the middle clinoid processes (i,\i)'rj, a bed),

and behind by a square-shaped plate of bone, 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 prolongations from the tentorium cerebelli. The
sides of the plate of bone supporting the posterior clinoid processes are notched

for the passage of the sixth pair of nerves ; and behind, this plate of bone pre-

sents a shallow depression, which slopes obliquely backwards, and is continuous

with the basilar groove of the occipital bone ; it supports the upper part of the

Pons Varolii. On either side of the body is a broad groove, curved something like

the italic letter/; it lodges the internal carotid artery and the cavernous sinus, and
is called the cavernous groove. The •posterior surface, quadrilateral in form, articulates

with the basilar process of the occipital bone. During childhood these bones
are separated by a layer of cartilage : but in after-life (between the eighteenth

and twenty-fifth years) this becomes ossified, ossification commencing above, and
extending downwards ; and the two bones then form one piece. The anterior surface

(fig. ,3S) presents, in the middle line, a vertical lamella of bone which articulates

in front with the perpendicular plate of the ethmoid, forming part of the septum

of the nose. On either side of it are the irregular openings leading into the

sphenoid cells or sinuses. These are two large iri-egular cavities, hollowed out of

the interior of the body of the sphenoid bone, and separated from one another by
a more or less complete perpendicular bony septum. Their form and size vary

considerably ; they are seldom symmetrical, and are often partially subdivided by
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irregular osseous laminas. Occasionally, they extend into the basilar process of

the occipital nearly as far as the foramen magnum. The septatn is seldom quite

vei'tical, being commonly bent to one or the other side. These sinuses do not

exist in children, 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

35.—Sphenoid Bone. Anterior Surface
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turbinated bones, leaving a round opening at their upper parts, by which they

communicate with the ujjper and back part of the nose, and occasionally 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, articu-

lates with the orbital process of the palate bone ; and the upper margin with the

orbital plate of the frontal bone. The mferior surface presents, in the middle line,

a triangular spine, the rostrum, which is continuous with the vertical plate on the

anterior surface, and i.s received into a deep fissure between the alfe of the vomer.

On each side may be seen a projecting lamina of bone, which runs horizontally

inwards from near the base of the pterygoid process : these plates, termed the

vaginal processes, articulate with the edges of the vomer. Close to the root of

the pterygoid process is a groove, formed into a complete canal when articulated

with the sphenoidal process of the palate bone ; it is called the pterygo-palatine

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 npwards, outwards, and backwards ;
being

prolonged behind into a sharp-pointed extremity, the spinous process of the sphenoid.

Each wing presents three surfaces and a circumference. The superior or cerebral

surface (fig. 34) forms part of the middle fossa of the skull ; it is deeply con-

cave, and presents eminences and depressions for the convolutions of the brain.

At its anterior and internal part js seen a cii'cular aperture, the foramen rotundum,

for the transmission of the second division of the fifth nerve. Behind and ex-

terual 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 the small

petrosal nerve. At the inner side of the foramen ovale, a small aperture may
occasionally be seen opposite the root of the pterygoid process ; it is the foramen

* In this figure, both the anterior and inferior smfaces of the body of the sphenoid hone
az'e shown., the bone being held with the pterygoid processes almost horizontal.
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Vesalii, transmitting- a small vein. Lastly, in the apex of the spine of the sphenoid
is a short canal, sometimes double, the foramen spinosnm ; it transmits the middle
meningeal artery. The external surface (fig. 35) is convex, and divided by a trans-

verse ridge, the pterygoid ridge, 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 to part of the Temporal muscle. The in-

ferior portion, smaller in size and concave, enters into the formation of the zygomatic
fossa, and affords attachment to the External pterygoid muscle. It presents, at

its posterior part, a shai-p-pointed eminence of bone, the spinous process, to which
are connected the internal lateral ligament of the lower jaw, and the Laxator
tympani muscle. The jsterygoid 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, smiooth, and qua-

drilateral in form, assists in forming the outer wall of the orbit. It is bounded above
by a serrated edge, for STticulation with the frontal bone ; below, by a rounded
border, which enters into the foi-mation of the spheno-maxillary fissure ; internally,

it enters into the formation of the sphenoidal fissure ; while externally it presents

a serrated margin, for articulation with the malar bone. At the upper part of

the inner border is a notch for the transmission of a branch of the ophthalmic
artery ; and at its lower part a small pointed spine of bone, which serves for the
attachment of part of the lower head of the External rectus. One or 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

imng (fig. 34) : commencing from behind, from the body of the sphenoid to the spine,

the outer half of this margin is serrated, for articulation with the petrous portion of

the temporal bone ; whilst the inner half forms the anterior boundary ofthe foramen
lacerum medium, and jiresents the posterior aperture of the Vidian canal. 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 articulates

with the squamous portion of the temporal bone. At the tip of the great wing a
triangular portion is seen, bevelled at the expense of the internal surface, for articu-

lation vritth 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, whieh ass-ists in the forma-

tion of the sphenoidal fissure.

The Lesser Wings (processes of Ingrassias) (fig. 34) are two thin triangnlai"

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.

The superior surface of each is smooth, flat, broader internally than externally,

and supports the anterior lobe of the brain. The inferior surface forms the

back part of the roof of the orbit, and the upper boundary of the sphenoidal

fissure or foramen lacerum anterius. This fissure is of a triangular form, and
leads from the cavity of the cranium into the orbit ; it is bounded internally by
the body of the sphenoid—above, by the lesser wing ; 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 ti-ansmits the third, the fourth, the

ophthalmic division of the fifth and sixth nerves, and the ophthalmic vein. The
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, obliquely directed, and presenting

on its outer side, near its junction with the body, a small tubercle, for the

attachment of the common tendon of three of the muscles of the eye. Between

the two roots is the optic foramen, for the transmission of the optic nerve and
ophthalmic artery.
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The Pterygoid processes (wrepvl, a wing ; e'doc, likeness) (fig. '36), one on each
side, descend perpendicularly from the point where the body and great wing
unite. Each process consists of an external and an internal plate, separated

behind by an intervening

notch,-the pterygoid fossa;
36.-Splienoid Bone. Posterior Surface.

but joined partially m iront.

The external pterygoid plate

is broad and thin, turned a

little outwards, and forms

part of the inner wall of the

zygomatis fossa. It gives at-

tachment, by its outer sur-

face, to the External ptery-

goid ; its inner surface forms

part of the pterygoid fossa,

and gives attachment to the

Internal pterygoid. The in-

ternal pterygoid plate is much
narrower and longer, curving

outwards, at its extremity,

into a hook-like process of

bone, the hamular process, around which turns the tendon of the Tensor palati

muscle. At the base of this plate is a small, oval, shallow depression, the scaphoid

fossa, from which arises the Tensor palati, and above which is seen the posterior

orifice of the Vidian canal. The outer surface of this plate forms part of the

pterygoid fossa, the inner surface forming the outer boundary of the posterior-

aperture of the nares. The Superior constrictor of the pharynx is attached to its

posterior edge. The two pterygoid plates are separated below by an angular

interval, in which the pterygoid process, or tuberosity, of the palate bone is

received. 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 anterior orifice of the Vidian canal

;

and below, a rough margin, which articulates with the perj)endicular plate of the

palate bone.

The Sphenoidal Spongy Bones are two thin curved plates of bone, which exist

as separate pieces 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 of the

sphenoid, an aperture of variable size being left in their anterior wall, through

which the sphenoidal sinuses open into the nasal fossse. They are irregular in form,

and taper to a point behind, being broader and thinner in front. Their inner

surface, which looks towards the cavity of the sinus, is concave; their outer

surface convex. Each bone articulates in front with the ethmoid, externally with

the palate ; behind, its point 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. The sphenoid bone is

developed by ten centres, six for the pos-

terior sphenoidal division, and four for

the anterior sphenoid. The sis centres

for the posterior sphenoid are—one for

each greater wing and external pterygoid

plate ; one for each internal pterygoid

plate ; two for the posterior part of the

body. The four for the anterior sphenoid

are, one for each lesser wing and anterior

part of the body, and one for each sphenoi-

dal turbinated bone. Ossification takes

37.—Plan of the Development of Sphenoid.
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place in these pieces in the following order : the greater wing and external pterygoid

plate are first formed, ossific granules being deposited close to the foramen
rotundnm on each side, at about the second month of foetal life ; from thence
ossification spreads outwards into the great wing, and downwards into the ex-

ternal jsterygoid plate. Each internal pterygoid plate is then formed, and
becomes united to the external about the middle of fcetal life. The two centres

for the posterior part of the body appear as separate nuclei, side by side, beneath

the sella Turcica ; they join, about the middle of foetal life, into a single piece,

which remains un-united to the rest of the bone until after birth. Each lesser

wing is formed by a separate centre, which appears on the outer side of the

optic foramen, at about the third month ; they become united and join with

the body at about the eighth month of fcetal life. At about the end of the third

year, ossification has made its appearance in the sphenoidal spongy bones.

At birth the sphenoid consists of three pieces : viz. the greater wing and ptery-

goid processes on each side ; the lesser wings and body united. At the first year

after birth, the greater wings and body are united. From the tenth to the

twelfth year the spongy bones ai'e partially united to the sphenoid, their junction

being complete by the twentieth year. Lastly, the sphenoid joins the occipital.

ArticidatioHs. 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 arti-

culation with each bono is shown in the accompanying figures.

Attacliment of Muscles. The Temporal, External pterygoid, Internal pterygoid,

Superior constrictor. Tensor palati, Laxator tympani. Levator palpebrte, Obliquus

superior, Superior rectus, Internal rectus, Inferior rectus. External rectus.

The Ethmoid Bone.

The Uthmoid {fiBfioc, a sieve) is an exceedingly light spongy bone, of a cubical

form, situated at the anterior pa,rt of the base of the cranium, beween the two

38.-Ethmoid Bone. Outer Sm-face of Eight Lateral °^'^^*^' ^* *^ !"°°^ °^ *^^ °°^^'

Mass (eularn-ed). ^'^d 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 per-

pendicular plate, which forms

part of the septum nasi ; and

two lateral masses of cells.

The Horizontal or Grihri-

form Plate (fig. 38) forms part

of the anterior fossa of the

base of the skull, and is re-

ceived into the ethmoid notch

of the frontal bone between

the two orbital plates. Pro-

jecting upwards from the

middle line of this plate, is a
»..» ,„j ,^ru,na.ttu^

tMck, smooth, trfangular pi'O-

cess 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 the falx cerebri. Its anterior border, short

and thick, articulates with the frontal bone, and presents two small projecting

aire, which are received into corresponding depressions in the frontal, completing

the foramen cfecum 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 plate is narrow, and deeply grooved, to support the bulb of the
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olfactory nerve, and perforated by foramina for the passage of its filaments. These

foramina are arranged in three rows ; the innei-most, which are the largest and

least numerouSj-^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 of the

sphenoid. 39.—Perpendicular Plate of Ethmoid (enlarged). Shown by

The Perpendicular removing the Eight Lateral Mass.

Plate (fig. 39) is a thin

flattened lamella of

bone, which descends

from the under surface

of the cribriform plate, wti^i M^-oide/-^:^

and assists in forming ^^
the septum ofthe nose.

It is much thinner in

the middle than at the

circumference, and is

generally deflected a

little to one side. Its

anterior border articu-

lates with the frontal

spine and crest of the

nasal bones. Its pos-

terior, divided into two

parts, is connected by its uppier half with the rostram of the sphenoid—by its lower

half with the vomer. The inferior border serves for the attachment of the tri-

angular 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 of the ethmoid consist of a number of thin-walled cellular

cavities, the ethmoidal cells, 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 grooves on each side, converted into canals by articulation with the frontal

;

they are the anterior and posterior ethmoidal foramina, and open on the inner wall

of the orbit. The posterior surface also presents large irregular cellular cavities,

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

also by the superior maxillary. The outer surface of each lateral mass is formed

of a thin smooth square plate of bbne, called the os planum; it forms part of the

inner wall of the orbit, and articulates above with the orbital plate of the frontal

;

below, with the superior maxillary and orbital process of the palate ; in front, with

the lachrymal ; and behind, with the sphenoid.

From the inferior part of each lateral mass, immediately beneath the os planum,

there projects downwards and backwards an irregular lamina of bone, called the

unciform process, from its hook-like form : it 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 disarticulatins' the bones.
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The inner surface of each lateral mass forms part of tlie outer wall of the nasal

fossa of the corresponding side. It is formed 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

40.—Ethmoid Boue. Inner Surface of Right numerous grooves, which run
Lateral Mass (enlarg-ed). 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 of bone—the

supei'ior turbinated bone. By
means of an orifice at the upper
part of this fissure, the posterior

ethmoidal cells open into the nose. Below, and in front of the superior meatus, 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

and thick, and its concavity, directed outwards, assists in 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, com-

municate with the nose, by means of a funnel-shaped canal, the infundibulum.

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 j^osterior ethmoidal cells, or sinuses.

The former, more numerous, communicate with the frontal sinuses above, and
the middle meatus below, by means of a long fiexuous cellular canal, the

infundibulum ; 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, ossiEc granules making their first

appearance in the os planum between the fourth and fifth months of foetal life,

and afterwards in the spongy bones. At birth, the bone consists of the two lateral

masses, which are small and ill-developed ; but when the perpendicular and
horizontal plates begin to ossify, as they do about the first year after birth, the

lateral masses become joined to the cribriform plate. The formation and increase

in the ethmoidal cells, which complete the bone, take place about the fifth or sixth

year.

Articulations. With fifteen bones : the sphenoid, two sphenoidal turbinated, the

fi'ontal, and eleven of the face—the two nasal, two superior maxillary, two lachry-

mal, two palate, two inferior turbinated, and the vomer.

Development of the Cranium.

The development of the cranium commences at a very early period, on account of the
importance of the organ it is intended to protect. In its most rudimentary state, it con-
sists of a thin membranous capsule, enclosing the cerebrum, and accurately moulded upon
its surface. This capsule is placed external to the dura mater, and in close contact with it

;

its walls are continuous -nath the caual for the spinal cord, and the chorda dorsahs, or
primitive part of the vertehral cohimn, is continued forwards, from the spine, along; the
base, to its fore part, where it terminates in a tapering point. The next step in the process
of development is the formation of cartilage. This is deposited in the base of the skull.
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41. -Skull at Bii-tli, showiug the Anterior
and Posterior FontaneUes.

in two symmetrical segments, one on eitlier side of the median line ; these suhseqiiently

coalesce, so as to enclose the chorda dorsalis—the chief part of the cerebral capsule still

retaining- its membranous form. Ossification first takes place in the roof, and is preceded
Tjy the deposition of a membranous blastema upon the surface of the cerebral capsule, in

which the ossifying process extends ; the primitive membranous capsule becoming the
internal periosteum, and being ultimately

blended with the dura mater. Although the

bones of the vertex of the skull appear

before those at the base, and make con-

siderable progress in their growth : at birth

ossification is more advanced in the base, this

portion of the skull forming a solid immov-
able gTomidwork.

The Fontanelles (figs. 41,42).

Before birth, the bones at the vertex and
side of the skull are separated from each other

by membranous intervals, in which bone is

deficient. These intervals, at certain parts, are

of considerable size, and are termed the fon-
tanelles, so called from the pulsations of the

brain, which are perceptible at the anterior

fontanelle, and were liliened to the rising of

water ia a fountain. The fontanelles are four

in number, and correspond to the junction of

the four angles of the parietal with the con-

tiguous bones. The anterior fontanelle is

the largest, and corresponds to the jimction

of the sagittal and coronal sutures ; the pos-

terior fontanelle, of smaller size, is situated

at the junction of the sagittal and lambdoid
sutures ; the two remaining ones are situated

at the inferior angles of the parietal bone.

The latter are closed soon after birth; the

two at the 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

ossifj'ing process, or by the development of

a Wormian bone. Sometimes the anterior

fontanelle remains open beyond two 3'ears,

and is occasionally persistent throughout life.

SUPEENTJMEEAET OE WOEMIAN * BONES.

When ossification of any of the tabular bones of the skull proves abortive, the mem-
branous interval which would be left, is usually filled in by a supernumerary piece of bone.

This is developed from a separate centre, and gradually extends until it fills the vacant

space. These supernumerary pieces are called Wormian bones ; they are called also, from
their usual form, ossa iriquetra ; but they present much variation in situation, number,
and size.

They occasionally occupy the situation of the fontanelles. Bertin, Oruvelhier, and Ouvier

have each noticed the presence of one in the anterior fontanelle. There are two specimens

in the Museum of St. George's Hospital, which present Wormian bones in this situation.

In one, the skull of a child, the supernumerary piece is of considerable size, and of a
quadrangular form.

They are occasionally found in the posterior fontanelle, appearing to replace the superior

angle of the occipital bone. Not unfrequently, there is one< replacing the extremity of the

great wing of the sphenoid, or the anterior inferior angle of the parietal bone, in the

fontanelle there situated.

They have been found in the different sutures on the vertex and side of the skull, and in

some of those at the base. 'Paey are most frequent in the lambdoid suture. Mr. Ward
mentions an instance ' in which one-half of the lambdoid suture was formed by large

Wormian bones disposed in a double row, and jutting deeply into each other;' and refers

to similar specimens described by Dumontier and Bourgery.

* Wormius, a physician in Copenhagen, is said to have given the first detailed descrip-

tion of these bones.
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A deficiency in the ossification of the flat hones would appear in some cases to ha
spnmetrical on the two sides of the skull ; for it is not uncommon to find these super-

numerary hones corresponding- in form, size, and situation on each side. Thus, in several

instances, I have seen a pair of large Wormian hones symmetrically placed in the lamhdoid
suture ; in another specimen, a pair in the coronal suture, with a supernmnerary hone in

the spheno-parietal suture of hoth sides.

The size of these supernumerary pieces varies, they heing in some cases not larger than a

pin's head, and confined to the outer table ; in other cases so large, that one pair of these

bones may form the whole of the occipital hone above the superior ciu'ved lines, as

described by B(5clard and Ward. Then- number is generally limited to two or three ; but

more than a hundred have been found in the stull of an adult hydrocephalic skeleton.

In their development, structure, and mode of articulation, they resemble the other cranial

bones.

Congenital Fissures and Gaps.

Dr. Humphry has called attention to the not unfrequent existence of congenitalfissures

in the cranial bones, the result of incomplete ossification. These fissures have been
noticed in the frontal, parietal, and squamous portion of the temporal bones ; they extend
from the margin towards the middle of the bone, and are of great interest in a medico-legal

point of view, as they are liable to be mistaken for fractures. An arrest of the ossifying

process may also give rise to the deficiencies or gaps occasionally found in the cranial

bones. Such deficiencies are said to occur most frequently when ossification ia imperfect,

and to be situated near the natural apertures for vessels. Dr. Humphry describes such
deficiencies to exist in a calvarium, in the Cambridge Museum, where a gap sufficiently

large to admit the end of the finger is seen on either side of the sagittal sutm-e, in the

place of the parietal foramen. There is a specimen precisely similar to this in the

Museum of St. George's Hospital ; and another, in which a small circular gap exists in the

parietal bone of a young child, just above the parietal eminence. Similar deficiencies

are not unfrequently met with in hydrocephalic skulls ; being most frequent, according

to Dr. Humphry, in the frontal bones ; and, in the parietal hones, on either side of the

sagittal suture.

Bones of the Face.

Tlie Facial Bones are fourteen in number, viz., the

Two Nasal, Two Palate,

Two Superior Maxillary, Two Inferior Turbinated,

Two Lachrymal, Vomer,
Two Malar, Inferior Maxillary.

44.—Right Nasal Bone.

Nasal Bones.

The Nasal 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. Bach bone presents

for examination two
surfaces, and four bor-

ders. The outer surface

is concave from above

downwards, convex
from side to side ; it

is covered by the Py-

ramidalis and Com-
pressor nasi muscles,

marked by numerous
small arterial furrows,

and perforated about

its centre by a foramen, /,i„,g

sometimes double, for

the transmission of a small vein. Sometimes this foramen is absent on one or both

sides, and occasionally the foramen ciBCum ojsens on this surface. The inner sur-

face is concave from side to side, convex from above downwards ; in which direction

it is traversed by a longitudinal groove (sometimes a canal), for the passage of a

43.—Right Nasal Bone.
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braucli of the nasal nerve. The snperior border is narrow, thick, and serrated for

articulation with the nasal notch of the frontal bone. The inferior border is broad,

thin, sharp, directed 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
refei-red to ; and is prolonged at its inner extremity into a sharp spine, which,

when 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 with the nasal spine of the frontal above, and the

perpendicular plate of the ethmoid below.

Development. By one centre for each bone, which appears about the same period

as in the vertebrse.

Articulations. With four bones : two of the cranium, the frontal and ethmoid,

and two of the face, the opiposite nasal and the sujierior maxillary.

No muscles are directly attached to this bone.

Superior Maxillary Bones.

The Superior Maxillary is one of the most important bones of the face in a

surgical iJoint of view, on account of the number of diseases to which some of its

parts are liable. Its minute examination becomes, therefore, a matter of considerable

interest. It is the largest bone of the face, excepting the lower jaw; and forms,

by its union with its fellow of the ojiposite side, the whole of the upper jaw.

Each bone assists in the formation of three cavities, the roof of the mouth, the floor

and outer wall of the nose, and the floor of the orbit ; and also enters into the

formation of two fossEe, the zygomatic and spheno-maxillary ; and two fissures,

the spheno-maxillary and pterygo maxillary.

The bone presents for examination a body and four j)rocesses, malar, nasal,

alveolar, and palatine.

The body is somewhat cuboid, and is hollowed out in its interior to form a large

cavity, the antrum of Highmore. Its surfaces are four—an external or facial, a

j)osterior or zygomatic, a superior or orbital, and an internal.

The external or facial surface (fig. 45) is directed forwards and outwards. In

the median line of the bone, just above the incisor teeth, is a depression, the in-

cisive or myrtiform fossa, which gives origin to the Depressor alee nasi. Above
and a little 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 canine tooth. The canine fossa gives origin to the Levator anguli oris.

Above the canine fossa is the infra-orbital foramen, the termination of the infra-

orbital canal ; it transmits the infra-orbital nerve and artery. Above the infra-

orbital foramen is the margin of the orbit, which affords partial attachment to the

Levator labii superioris proprius.

The posterior or zygomatic surface is convex, directed backwards and outwards,

and forms part of the zygomatic fossa. It presents about its centre several aper-

tures leading to canals in the substance of the bone ; they are termed the po.'^terior

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. Immediately above the rough

surface is a groove, which, running obliquely down on the inner surface of the

bone, is converted into a canal by articulation with the palate bone, forming the

posterior palatine canal.

The superior or orbital surface is thin, smooth, triangular, and forms part of
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the floor of the orbit. It is bounded interually by an irregular margin which
articulates, in front, with the lachrymal ; in the middle, with the os planum of the

ethmoid ; behind, with the orbital process of the palate bone ; bounded esternally

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

45.—Left Superior Maxillary Bone. Outer Surface.
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plate of the sphenoid; 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

infra-oi'bital, for the passage of the infi-a-orbital nerve and artery. This groove

commences at the middle of the outer border of the 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 into the substance of the anterior wall of the antrum; it is called the anterior

dental canal, transmitting the anterior dental vessels and nerves to the front teeth

of the upper jaw. At the inner and fore part of the orbital surface, just external

to the lachrymal canal, is a minute depression, which gives origin to the Inferior

oblique muscle of the eye.

The internal surface (fig. 46) is unequally divided into two parts by a horizontal

projection of bone, the palate process ; the portion above the palate process forms
part of the outer wall of the nose ; that below it forms part of the cavity of the

month. The superior division of this surface presents a large ii'regnlar 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 nose, traversed by a fissure, the

maxillary fissure, which runs from the lower part of the orifice of the antrum
obliquely downwards and forwards, and receives the maxillary process of the palate

bone. Behind it is a rough surface which articulates with the perpendicular plate

of the palate bone, traversed by a groove, which, commencing near the middle of

the posterior border, runs obliquely downwards a.nd forwards, and forms, when com-
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pleted by its articulation with the palate bone, the postei-ior palatine canal. In front

of the opening of the antrum is a deep groove, converted into a caiial by the lachry-

mal and inferior turbinated bones, which is coated with mucous membrane, and

called the lachrymal or nasal duct. More anteriorly is a well-marked rough ridge,

the infei'ior turbinated crest, for articulation with the inferior turbinated bone. The

• 46.—Left Superior Maxillary Boue. Inner Surface.
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concavity above this ridge forms part of the middle meatus of the nose ; whilst that

below it forms part of the inferior meatus. The inferior division of this surface is

concave, rough and uneven, and perforated by numerous small foramina for the

passage of nutrient vessels.

The Antrum of Highmore, or Maxillary Sinus, is a large triangular-shaped cavity

hollowed out of the body of the maxillary bone ; its apex, directed outwards, is

formed by the malar jorocess ; its base, by the outer wall of the nose. Its walls are

everywhere exceedingly thin,' its root being formed by the orbital plate, its floor by
the alveolar process, its anterior wall by the facial, and its posterior by the zygo-

matic surface. Its inner wall, or base, presents, in the disarticulated bone, a large

irregular aperture, which communicates with the nasal fossa. The margins of this

aperture are thin and ragged, and the aperture itself is much contracted by its

articulation with the ethmoid above, the inferior turbinated below, and the palate

bone behind.* In the articulated s-kull, this cavity communicates with the middle

meatus of the nose generally by two small apertures left between the above-men-

tioned bones. In the recent state, usually only one small opening exists, near the

upper part of the cavity, sufGciently large to admit the end of a jirobe, the other

being closed by the lining membrane of the sinus.

Crossing the cavity of the antrum, are often seen several projecting laminte of

bone, similar to those seen in the "sinuses of the cranium ; and on its posterior wall

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
; f in some cases the floor is per-

* In some cases, at any rate, the lachrymal hone encroaches slightly on the anterior

superior portion of the opening, and assists in forming the inner wall of the antrum.

f The numher of teeth whose fangs are in relation with the floor of the antrum is vaii-

ahle. The antrum 'raaj^ extend so as to he in relation to all the teeth of the true maxilla,

from the canine to the dens siipientio!.^—See Mr, Salter on Ahscess of the Antrum, in a
System of Swyery, edited hy T. HoiMES, 2nd edit. vol. iv. p. 356.
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forated by the teeth in this situation. It is from the extreme thinness of the walls

of this cavity, that we are enabled to explain how a tumour growing from the

antrum encroaches upon the adjacent parts, pushing up the floor of the orbit, and

displacing the eyeball, projecting inwai'ds into the nose, protruding forwards on to

the cheek, and making its way backwards into the zygomatic fossa, and downwards
into the mouth.

The Malar Process is a rough triangular eminence, situated at the angle of sepa-

ration 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 sur-

faces. 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

boimdary. Its external surface is concave, smooth, perforated by numerous fora-

mina, and gives attachment to the Levator labii superioris alseque nasi, the

Orbicularis palpebrarum, and Tendo oculi. Its internal surface forms part of the

outer wall of the nose ; it articulates above with the frontal, and 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), for articulation with the inferior tur-

binated bone ; and still more inferiorly, the concavity which forms part of the

inferior meatus. The anterior border of 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 groo ve[for the lachrymal

duct : of the two margins of this groove, the inner one aiticulates 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 surgeon in the performance of 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 lodges

the lachrymal duct.

The Aloeolar 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 nan-ow. 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 month. Its upper
surface is concave from side to side, smooth, and forms part of the floor of the
nose. In front is seen the upper orifice of the anterior palatine (incisor) canal,

which leads into a fossa formed by the junction of the two superior maxillary
bones, and situated immediately behind the incisor teeth. It transmits the anterior

palatine vessels, the naso-palatine nerves passing through the intermaxillary
suture. The inferior surface, also concave, is rough and uneven, and forms part of

the roof of the mouth. This surface is perforated by numerous foramina for the
passage of nutritious 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 a large nerve, and presents little depressions for the lodgment
of the palatine glands. This sui'face presents anteriorly the lower oriBce of the
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anterior palatine fossa. In some bones a delicate linear suture may be seen ex-

tending from, the anterior palatine fossa to the interval between the lateral incisor

and the canine tooth. This marks out the intermaxillary, or incisive bone, which
in 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. 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, which,

with the corresponding ridge in the opjDosite bone, forms a groove for the reception

of the vomer. The anterior margin is bounded by the thin concave border of the

opening of the nose, prolonged forwards internally into a sharp process, forming,

with a similar process of the
47.—Development of Superior Maxiriar3- Boue.
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opposite bone, the anterior nasal

spine. The posterior border is

seiTated for articulation with

the horizontal plate of the palate

bone.

Development. This bone is

formed at such an early period,

and ossification proceeds in it

with such rapidity, that it has

been found impracticable hitherto

to determine with accuracy its

number of centres. It appears,

however, probable that it has

four centres of development, viz.,

one for the nasal and facial por-

tions, one for the orbital and
malar, one for the incisive, and

one for the palatal portion in-

cluding the entire palate except

the incisive segment. The inci-

sive portion is indicated in young
bones by a iissure, which marks
oft' a small segment of the palate

including the two incisor teeth. In some animals, this remains permanently as a

separate piece, constituting the intermaxillary bone ; and in the human subject,

where the jaw is malformed, as in cleft palate, this segment may be separated from

the maxillary bone by a deep fissure extending backwards between the two into the

palate. If the fissure be on both sides, both segments are quite isolated from the

maxillary bones, and hang from the end of the vomer ; they are not unfrequently

much displaced, and the deformity is often accompanied by congenital fisstire of the

upper lip, either on one or both sides of the median line. The maxillary sinus

appears at an earlier period than any of the other nasal sinuses, its development

commencing about the fourth month of foetal life.

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.

Attachment of Muscles. Orbidularis palpebrarum, Obliquus inferior oculi. Leva-

tor labii superior alasque nasi. Levator labii superioris proprius, Levator anguli

oris, Compressor nasi. Depressor alee nasi, Masseter, Buccinator, External pterygoid,

and Orbicularis oris.

The Lachktmal Bones.

The Lachrymal are the smallest and most fragile bones of the face. They are

situated at the front part of the inner wall of the orbit, and resemble somewhat in



MALAR BONE. 49

form, thinness, and size, a finger-nail ; hence they are termed the ossa unguis.

Each bone presents, for examination, two surfaces and four borders. The external

(fig. 48) or orbital surface is divided by a vertical ridge into two parts. The
poi'tion of bone in 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 assists in the formation of the lachrymal

canal, and lodges the nasal duct. The portion of bone behind the ridge is smooth,

slightly concave, and forms part of the inner wall of the orbit. The ridge, with a

part of the orbital surface immediately behind it, afibrds attachment to the Tensor
tarsi : the ridge terminates below in a small hook-like process, which articulates

with the lachrymal tubercle of the superior maxillary

48.—Left Lachrymal Bone, bone and completes the upper orifice ofthe lachrymal
External Surface. canal. It sometimes exists as a separate piece, which

(Slightly enlarged.) -^ ^^^^ ^^-^^^^ ^^^ ^^^^^^ lachrymal hone. The in-

ternal or nasal surface presents a depressed furrow,

corresponding to the ridge on its outer surface. The
surface of bone in front of this forms part of the

middle meatus ; and that behind it articulates with

the ethmoid bone, filling in the anterior ethmoidal

cells. Of the four borders, the anterior is the

longest, and articulates with the nasal process of the

superior maxillary bone. The posterior, thin and
uneven, articulates with the os planum of the ethmoid.

The superior, the shortest and thickest, articulates
" lafer i"

with the internal angular process of the frontal

bone. The inferior is divided by the lower edge of

the vertical crest into two parts : the posterior part articulates with the orbital

plate of the superior maxillary bone ; the anterior portion is prolonged downwards
into a pointed process, which articulates with the lachrymal process of the inferior

turbinated bone, and assists in the formation of the lachrymal canal.

Development. By a single centre, which makes its appearance soon after ossifi-

cation of the vertebne has commenced.

AHictdations. With four bones : two of the cranium> the frontal and ethmoid,

and two of the face, the superior maxillary and the inferior turbinated.

Attachment of Miisdes. The Tensor tarsi.

The Malae Bones.

The Malar are two small quadrangular bones, situated at the upper 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 fossse. 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. 49) 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. 50), directed backwards and inwards, is concave, pre-

senting internally a rough triangular surface, for articulation with the superior

maxillary bone ; and externally, a smooth concave surface, which forms the

anterior boundary of the temporal fossa above ; and b&low, 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 part of two
muscles, the Temporal above, and the Masseter below. Of the four processes,

the frontal is thick and serrated, and articulates with the external angular process

E
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Inner Surface.

of the frontal bone. Tlie orbital process is a thick and strong plate, which pro-

jects backwards from the orbital margin of the bone. Its upper surface, smooth
and concave, forms, by its junction with the great ala of the sphenoid, the outer

wall^'pf the orbit. Its under surface, smooth and convex, forms part of the

temporal fossa. Its anterior margin is smooth and rounded, forming part of the

ference of the orbit. Its suj)erior margin, rough, and directed horizontally,

articulates with the frontal bone behind the external angular process. Its

sterior margin is rough and

-serrated for articulation with
49._Left Malar Bone. Outer Surface.

the sphenoid ; internally it is

also serrated for articulation

with the orbital surface of the

superior maxillary. At the

angle of junction of the sphe- Bnarles pasi-,

noidal and maxillary portions, ''''"f<"<'^^"L

a short rounded non-articular

margin is generally seen ; this

forms the anterior boundary of

the spheno-maxillary fissure
;

occasionally, no such non-arti-

cular margin exists, the fissure

being completed by the direct

junction of the maxillary and
sphenoid bones, or by the inter-

position of a small Wormian
bone in the angular interval be-

tween them. On the upper sur-

face of the orbital process are

seen the orifices of one or two
temporo-malar canals

; one of

these usually opens on the pos-

terior surface, the other (occa-

sionally two) on the facial

surface : they transmit filaments

(temporo-malar) of the orbital

branch of the superior maxillary

nerve. The maxillary process

is a rough triangular surface,

which articulates with the supe-

rior maxUlary bone. The ^.ijgo-

matic process, long, narrow, and

serrated, articulates with the

zygomatic process of the tem-

poral bone. Of the four hor-

ders, the superior or orbital is

smooth, arched, and forms a

considerable part of the circumference of the orbit. The inferior, or zygomatic,

is continuous with the lower border of the zygomatic arcb, affording attachment

by its rough edge to the Masseter muscle. The anterior or maxillary border is

rough, and bevelled at the expense of its inner table, to articulate with the

superior maxillary bone ; afibrding attachment by its outer margin to the Levator

labii superioris proprius, just at its point of junction with the superior maxillary.

The posterior or temporal border, curved hke an italic /, is continuous above with

the commencement of the temporal ridge ; below, with the upper border of the

zygomatic arch : it aifords attachment to the temporal fascia.

Development. By a single centre of ossification, which appears at about the

same period when ossification of the vertebrte commences.
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Articulations. With four bones : three of the cranium, frontal, sphenoid, and
temporal ; and one of the face, the superior maxillary.

Attachment of Muscles. Levator labii superioris proprius, Zygomaticus major
and minor, Masseter, and Temporal.

The Palate Bones.

The Palate Bones are situated at the back part of the nasal fossas ; they are

wedged in between the superior maxillary and the pterygoid process of the

sphenoid. Each bone assists in the formation of three cavities : the floor and
outer wall of the nose, the roof of the mouth, and the floor of the orbit ; and enters

into the formation of three fossse : the zygomatic, spheno-masillary, and pterygoid
;

and one fissure, the spheno-maxillary. In form, the palate bone somewhat resem-

bles 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 surfaces

and four borders. The superior surface, concave from side to side, forms the back

part of the floor of the nostril. The inferior surface, slightly 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 the aponeurosis of the

Tensor palati muscle. At the outer extremity of this ridge is a deep groove con-

verted into a canal by its articulation with the tuberosity of the superior maxillary

bone, and forming the posterior palatine canal. Near this groove, the oriBces of

one or two small canals, accessory posterior palatine, may frequently 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 palate. Its

inner extremity is sharp and pointed, and, when united with the opposite bone,

forms a projecting process, the posterior nasal spine, for the attachment of the

Azygos uvulae. The external border is united with tlie lower part of the perpen-

dicular plate almost at right angles. The internal border, the thickest, is serrated

for articulation with its fellow of the opposite side; its superior edge is raised into

a ridge, which, united with the opposite bone, forms a crest in which the vomer is

received.

The Vertical Plate (fig. 51) is thin, of an oblong form, and directed

upwards and a little in-

51.—Left Palate Bone. Internal View (enlarged). wards. It presents two
surfaces, an external and
an internal, and four bor-

ders.

The internal surface pre-

sents at its lower part a

broad shallow depression,

which forms part of the

inferior meatus of the nose.

Immediately above this is

a well-marked horizontal

ridge, the inferior turbi-

nated crest, for articulation

with the inferior turbinated

bone ; above this, a second

broad shallow dei^ression,

which forms part of the

middle meatus, surmount-

ed above by a horizontal

)Ri20NTAi. PL,^^£;
rldgo less prominent than
the inferior, the superior

for articulation with the middle turbinated bone. Above the
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turbinated crest.
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superior turbinated crest is a narrow horizontal groove, wliicli forms part of tlie

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 maxUlary bone, its

Tipper 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 of

the antrum. Towards the back part of this surface is a deep groove, converted

into a canal, the posterior palatine, by its articulation with the superior maxillary

bone. It transmits the posterior, or descending palatine vessels, and a large nerve.

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, being received

into a fissure that exists at the inferior part of this aperture. The posterior border

(fig. 52) 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 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

three grooves, a median and two lateral ones. The former is smooth, and forms

part of the pterygoid fossa, affording attachment to the Internal pterygoid muscle
;

whilst the lateral grooves are rough and uneven, for articulation with the anterior

border of each pterygoid plate. A few fibres of the External pterygoid muscle and
of the Superior constrictor also arise from the tuberosity of the palate bone. The base

of this process, continuous with the horizontal portion of the bone, presents the aper-

tures of the accessory descending palatine canals ; whilst its outer surface is rough

for articulation with the inner sui-face of the body of the superior maxillary bone.

The superior border of the vertical plate presents two well-marked processes

separated by an intervening notch or foramen. The anterior, or larger, is called

the orhital process ; the posterior, the sphenoidal.

The Orhital Process, dii-ected upwards and outwards, is placed on a higher

level than the sphenoidaL It presents five surfaces, which enclose a hollow cellu-

lar ea.vity, 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 for-

ward*, outwards, and downwards, is of an oblong form, and rough for ai-ticulation

with the superior maxillary

bone. The posterior or sphe- 52.—Left Palate Bone. Posterior View (eHlarged).

iioidal surface is directed back- .

wards, upwards, and inwards. •, it*

It ordinarily presents a small

open cell, which communicates
"with the sphenoidal sinus, and
tthe margins of which are ser-

rated 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

jeommnnicates both with the

,]7:ci.SurJ
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posterior ethmoidal cells, and the sphenoidal sinus. The non-articular or free sur-

faces are 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 ex-

ternal 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-masillary

fissure.

The Sphenoidal Process of the palate bone is a thin compressed plate, muck
smaller than the orbital, and directed upwards and inwards. It presents three

surfaces and two borders. The superior surface, the smallest of the three, articu-

lates with the horizontal part 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. Tha
external surface is divided into an articular and a non-articular portion ; the

former is rough for articulation with the inner surface of the pterygoid process of

the sphenoid ; the latter is smooth, and forms part of the zygomatic fossa. The
anterior border forms the posterior boundary of the spheno-palatine foramen. The
posterior border, serrated at the exjjense of the outer table, articulates with the

inner surface of the pterygoid process.

The orbital and sphenoidal processes are separated from one another by a deep

notch, which is converted into a foramen, the spheno-palatine, 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 spicule of bone, so as to form two or more foramina. In the articulated

skull, this foramen opens into the back part of the outer wall of the superior

meatus, and transmits the spheno-palatine vessels and nerves.

Development. Prom a single centre, which makes its appearance at the angle of

junction of the two plates of the bone. From this point ossification spreads in-

wards 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, in-

ferior turbinated, vomer, and opposite palate.

Attachment of Muscles. The Tensor palati, Azygos uvuliB, Internal and External

pterygoid, and Superior constrictor of the pharynx.

The Infekioe Turbinated Bones.

The Inferior Turbinated Bones are situated one on each side of the outer wall

of the nasal fossre. Each consists of a layer of thin spongy bone, curled upon

itself like a scroll, hence its name ' turbinated
;

' and extends horizontally along the

outer wall of the nasal fossa, immediately below the orifice of the antrum. Each

bone presents two surfaces, two borders, and two extremities.

The internal surface (fig. 53) is convex, perforated by numerous apertures, and

traversed by longitudinal grooves and canals for the lodgment of arteries and

veins. In the recent state it is covered by the lining membrane of the nose.

The external surface is concave (fig. 54), and forms part of the inferior meatus.

Its upper border is thin, irregular, and connected to vai'ious bones along the

outer wall of the nose. It may be divided into thi-ee portions ; of these, the

anterior articulates with the inferior turbinated crest of the superior maxillary

bone ; the posterior with the inferior turbinated crest of the palate bone ; the

middle portion of the superior border presents three well-marked processes, which

vary much in their size and form. .Of these the anterior and smallest is situated

at the junction of the anterior fourth with the posterior three-fourths of the bone
;

it is small and pointed, and is called the lachrymal process, for it articulates with
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the anterior inferior angle of the lachrymal bone, and bj its margins, with the

groove on the back of the nasal process of the superior maxillary, and thus assists

in forming the lachrymal canal. 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

53.—Right Inferior Turbinated Bone.
Internal Surface.

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. 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 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 jsalate.

No muscles are attached to this bone.

S4-- -Right Inferior Turbinated Bone.
Outer Sinface.

-Vomer.

The Vomek.

The Vomer is a single bone, situated vertically at the back part of the nasal

fossae, forming part of the septum of the nose. It is thin, somewhat like a

ploughshare in form ; but it varies in diflFerent 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 between the two ante-

rior palatine canals ; it trans-

mits the naso-palatine nerve.

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 ate are

overlapped and retained by laminse (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

'^-^i Sup -Ma^ill. l""'
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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 laminse of bone, between which is received the per-

pendicular plate of the ethmoid, the lower half consisting of a single rough edge,

also occasionally channelled, which is united to the triangular cartilage of the

nose. The posterior border is free, concave, and separates the nasal fossse behind.

It is thick and bifid above, thin below.

Development. The vomer at an early period consists of two laminee separated

by a very considerable interval, and enclosing between them a plate of cartilage

which is prolonged forwards to form the remainder of the septum. Ossification

commences in it at about the same period as in the vertebrse (the coalescence of

the lamiuffi taking place from behind forwards), but is not 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 cartdage of the septum.
- The vomer has no muscles attached to it.

The Inferior Maxillary Bone.

The Inferior Maxillary Bone, the largest and strongest bone of the face, serves

for the reception of the lower teeth. It consists of a curved horizontal portion,

the body, and two perpendicular portions, the rami, which join the back part of

the body nearly at right angles.

The Horizontal portion, or body (fig. 56), is convex in its general outline, and

curved somewhat like a horse-shoe. It presents for examination two surfaces

56.—Inferior Maxillary Bone. Outer Surface. Side View.

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. On either side of the symphysis, just below the roots of the

incisor teeth, is a depression, the incisive fossa, for the attachment of the Levator
menti (or Levator labii inferioris) ; and still more externally, a foramen, the
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mental foramen, for the passage of the mental nerve and artei'jr. This foramen is

placed just below the root of the second bicuspid tooth. Running outwards from

the base of the mental process on each side, is a well-marked ridge, the external

oblique line. The ridge is at first nearly horizontal, but afterwards inclines up-

wards 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 wliich the Platysma myoides is inserted.

The internal surface (fig. 57) 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 tiilercles, and afford attachment, the upper pair to the Genio-

hyoglossi muscles, the lower pair to the Genio-hyoidei muscles. Sometimes the

tubercles on each side are blended into one, or they all unite into an irregular

eminence of bone, or nothing but an irregularity may be seen on the surface of

the bone at this part. On either side of the genial tubercles is an oval depression,

the sublingual fossa, for lodging the sublingual gland ; and beneath the fossa, a

57.—Inferior Maxillary Bone, Inner Surface. Side View.

CCHIO-HVO-CLOSSUS
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rough depression on each side, which gives attachment to the anterior belly of the

Digastric muscle. At the back part of the sublingual fossa, the internal oblique

line (mylo-byoidean) commences ; it is at first faintly marked, but becomes more
distinct as it passes upwards and outwards, and is especially prominent opposite the

last two molar teeth ; it affords attachment throughout its whole extent to the Mylo-

hyoid muscle, the Superior constrictor of the pharynx with the pterygo-maxillary

ligament, being attached above its posterior extremity, nearer the alveolar margin.

The portion of bone above this ridge is smooth, and covered by the mucous membrane
of the mouth ;

whilst that below it presents an oblong depression, the submaxillary

fossa, wider behind than in front, for the lodgment of the submaxillary gland.

The externar^oblique line and the internal or mylo-hyoidean line divide the body
of the bone into a superior or alveolar, and an inferior or basilar portion.

The superior or alveolar border is wider, and its margins thicker behind than in

front. It!is 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 teeth

which they contain. To its outer side, the Buccinator muscle is attached as far
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forward as the first molar tooth. The inferior border is rounded, longer than the

superior, and thicker in front than behind ; it presents a shallow groove, just

where the bodj' joins the ramus, over which the facial artery turns.

The Perpendimdar Portions, or Rami, are of a quadrilateral form. Each
presents for examination two surfaces, four borders, and two processes. The
externLil 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,

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 ; and lodges

the mylo-hyoid vessels and nerve : behind the groove is a rough surface, for the

insertion of the Internal pterygoid muscle. The inferior dental canal runs

obliquely downwards and forwards in the substance of the ramus, and then hori.

zontally 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 incisor teeth.

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, from which branches are dis-

tributed to the teeth through small apertures at the bases of the alveoli. The upper

border of the ramns 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
varies in shape and size in different subjects, and serves chiefly for tfce attach-

ment of the Temporal muscle. Its external surface is smooth, and affords

attachment to the Masseter and Temporal muscles. Its internal surface gives

attachment to the Temporal muscle, and presents the commencement of a longitu-

dinal ridge, which is continued 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 o£

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 coadyle, 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 moi'e forward

and a little higher than its inner. It is convex from before backwards,, and front

side to side, the articular surface extending further on the posterior than on the

anterior surface. 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 tBiberele for'

the external lateral ligament. Its posterior surface is convex ; its anterior is-

hollowed out on its inner side by a depression (the pterygoid fossa) for the attach-

ment of the External pterygoid.

The lower border of the ramus is thick, straight, and continuous with the body
of the bone. At its junction with the posterior border is the anglie, of the jaw,,

which is either inverted or everted, and marked by rough oblique ricTges on each

side for the attachment of the Masseter externally, and the InteriKil 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.
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Side View of the Lo.wer Jaw at diffekent Periods of Life.

5S.—At Birth.

60.—III the Adult.

61.—111 old Affe.
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The Sigmoid Notch, separating the two processes, is a deep semilimar depression,

crossed by the masseteric artery and nerve.

Development. This bone is formed at such an early period of life, before, indeed,

any other bone except the clavicle, that it has been found impossible at present to

determine its earliest condition. It appears probable, however, that it is developed

by two centres, one for each lateral half, the two segments meeting at the symphy-

sis, where they become united. Additional centres have also been described for the

coronoid process, the condyle, the angle, and the thin plate of bone which forms

the inner side of the alveolus.

Changes peoduced in the Lower Jaw bt Age.

The changes which the Lower Jaw undergoes after birth, relate— I. To the alterations

effected in the body of the bone by the first and second dentitions, the loss of the teeth in

the aged, and the subsequent absorption of the alveoli. 2. To the size and situation of the

dental canal ; and, 3. To the angle at which the ramus joins with the body.

At birth (fig. 58), the bone consists of two lateral halves, united by fibro-cartilaginous

tissue, in which one or two osseous nuclei are generally found. The body is a mere shell of

bone, containing the 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, from the jaws not being as yet separated by the

eruption of the teeth.

After birth (fig. 59), the two segments of the bone become joined at the symphysis, from
below upwards, in the first year ; but a trace of separation may 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 muscles ; but the alveolar portion is the deeper of the two, and, conse-

quently, the chief part of the body lies above the obhque 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.

In the adult (fig. 60), 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 nearly at right angles.

In old age (fig. 61), 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, and the angle obtuse.

Articulations. "With the glenoid fossae of the two temporal bones.

Attachment of Muscles. To its external surface, commencing at the symphysis,

and proceeding backwards : Levator menti. Depressor labii inferioris. Depressor

anguli oris, Platysma myoides. Buccinator, Masseter : a portion of the Orbicu-

laris oris, (Accessorii Orbicularis inferiores) is also attached to this surface. To its

internal surface, commencing at the same point : Genio-hyo-glossus, Genio-

hyoideus, Mylo-Lyoidens, Digastric, Superior constrictor. Temporal, Internal ptery-

goid. External pterygoid.

THE SUTURES.

The bones of the cranium and face are connected to each other by means of

Sutures. The sutures are rows of dentated processes of bone projecting from the

edge of either bone, and locking into each other: the dentations, however, arei

confined to the external table, the edges of the internal table lying merely in ap-

position. The Cranial 8utures may be divided into three sets : i. Those at the

vertex of the skull. 2. Those at the side of the skull. 3. Those at the base.

The sutures at the vertex of the skull are three : the sagittal, coronal, and
lambdoid.

The Sagittal Suture (interparietal) is formed by the junction of the two parietal

bones, and extends from the middle of the frontal bone, backwards to the superior
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angle of the occipital. In cliildhood and occasionally in the adult, wlien the two
halves of the frontal bone are not united, it is continued forwards to the root of the

nose. This suture sometimes presents, near its posterior extremity, the parietal

foramen on each side ; and in front, where it joins the coronal suture, a space is

occasionally left, which encloses a large Wormian bone.

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 great wing of the sphenoid on one side, and terminates at the

same point on the opposite side. The dentations of this suture are more marked at

the sides than at the summit, and are so consti'ucted that the frontal rests on the

parietal above, whilst laterally the frontal supports the parietal.

The La.mhdoid Suture {occipito-parietal) , 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 inclines upwards to the

end of the sagittal suture. The dentations of this suture are very deep and dis-

tinct, and are often interrupted by several small Wormian bones.

The sutures at the side of the skull are also three in number : the sjaheno-parietal,

squamo- parietal, and masto-parietal. They are subdivisions of a single suture,

formed between the lower border of the parietal, and the temporal and sphenoid

bones, and which extends from the lower end of the lambdoid suture behind, to the

lower end of the coronal suture in front.

The Spheno-parietal is very short ; it is formed by the tip of the great wing of

the sphenoid, which overlays the anterior inferior angle of the parietal bone.

The Sqiiamo-parietal, or squamous suture, is arched. It is formed by the

squamous portion of the temporal bone overlapping the middle division of the lower

border of the parietal.

1:h&- Mafsto-parietal is a short suture, deeply dentated, formed by the posterior

inferior angle of the parietal, and the superior border of the mastoid portion of the

temporal.

The sutures at the base of the skull are, the basilar in the centre, and on each

side, the petro-occipital, the masto-occiisital, the petro-sphenoidal, and the squamo-

sphenoidal.

The Basilar Suture is formed by the junction of the basilar surface of the occipital

bone with the posterior surface of the body of the sphenoid. At an early period of

life, a thin plate of cai'tilage exists between these bones ; but in the adult 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 petro-occipital suture,

a thin plate of cartilage exists ; in the masto-occipital is occasionally found the

opening of the mastoid foramen. Between the outer extremity of the basilar

suture and the spheno-parietal, an irregular suture may be seen, formed by the

union of the sphenoid with the temporal bone. The inner and smaller portion of

this suture is termed the petro-splienoiclal ; it is formed between the petrous portion

of the temporal and the great wing of the sphenoid ; the outer portion, of greater

length, and arched, is formed between the squamous portion of the temporal and

the great wing of the sphenoid : it is called the squamo-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 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.
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The sutures remain sejiarate for a considerable period after tlie complete forma-

tion of tlie skull. It is probable tbat they serve the purpose of permitting the

growth of the bones at their margins ; while their 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 skull. Dr. 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 bones.'

The same author remarks that the time of their disappearance is 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.

The Skull, formed by the union of the several cranial and facial bones already

described, when 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

region, the face.

Vertex op the Skull.

The Superior Begion, or Vertex, presents two surfaces, an external and an

internal.

The External Surface is bounded, in front, hj the nasal eminences and super-

ciliary ridges ; 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 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.

From before backwards 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 posteriorly the

smooth convex surface of the occipital bone.

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 longitudinal

groove, narrow in front, where it terminates in the frontal crest ; broader behind

;

it lodges the superior longitudinal sinus, and 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 parietal foramina. This

surface is crossed, in front, by the coronal suture ; from before backwards, by the

sagittal ; behind, by the lambdoid.

Base op the Skull.

The Inferior Region, or Base of the Skull, presents two surfaces, an internal or

cerebral, and an external or basilar.

The Internal or Gerehral Surface (fig. 62) presents three fossse, on each side,

called the anterior, middle, and jjosterior fossce of the cranium.

The Anterior Fossa is formed by the orbital plate of the frontal, the cribriform

plate of the ethmoid, the ethmoidal spine and lesser wing of the sphenoid. It is

the most elevated of the three fossis, convex externally where it corresponds to

the roof of the orbit, concave in the median line in the situation of the cribrifoi-m

plate of the ethmoid. It is traversed by three sutures, the ethmoido-frontal, ethmo-

sphenoidal, and^fronto-sphenoidal ; and lodges the anterior lobe of the cerebrum.

It presents, in the median line, from before backwards, the commencement of the
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groove for the superior longitudinal sinus, and the crest for the attachment of the falx

cerebri ; the foramen ceecum, an aperture formed by the frontal bone and the crista

galli of the ethmoid, which, if previous, transmits a small vein fi'om the nose to the

superior longitudinal sinas ; behind the foramen CEecum , the crista galli, the posterior

margin of which affords attachment to the fals cerebri; on either side of the crista

galli, the olfactory groove, which supports the bulb of the oKactoiy nerve, and is

perforated by three rows of orifices for its filaments, and in front by a slit-like

62.—Base of the Skull. Inner or Cerebral Surface.
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opening, for the nasal branch, of the ophthalmic nerve. On the outer side of each

olfactory groove are the internal openings of the anterior and posterior ethmoidal

foramina ; the former, situated about the middle of the outer margin of the olfac-

tory groove, transmits the anterior ethmoidal artery and the nasal nerve, which

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 the

posterior ethmoidal artery and vein to the posterior ethmoidal cells. Further back

in the middle line is the ethmoidal spine, bounded behind by an elevated ridge,

separating a longitudinal groove on each side which supports the olfactory nerve.

The anterior fossa presents laterally eminences and depressions for the convo-

lutions of the brain, and grooves for the lodgment of the anterior meningeal arteries.

The Middle Fossa, somewhat deeper than the preceding, is narrow in the middle

and becomes wider as it expands laterally. It is bounded in front by the posterior

margin of the lesser wing of the sphenoid, the anterior cliuoid process, and the

anterior margin of the optic groove ; behind, by the upper border of the petrous

portion of the temporal, and basilar suture ; externally, by the squamous portion

of the temporal, and anterior inferior angle of the parietal bone, and is separated

from its fellow by the sella Turcica. It is traversed by four sutures, the squamous,

spheno-parietal, spheno-temporal, and petro-sphenoidal.

In the middle line, from before backwards, is the optic groove, which supports

the optic commissure, 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

the folds of the dura mater, which form the cavernous sinuses. Separating the

middle fossffi is the sella Turcica, a deep depression, which lodges the pituitary

gland, bounded in front by a small eminence on either side, the middle clinoid

process, and behind by a broad square plate of bone, surmounted at each superior

angle by a tubercle, the posterior clinoid process ; beneath the latter process is a

groove, 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. This groove lodges the cavernous sinus, the

internal cai'otid artery, and the nerves of the orbit. The sides of the middle

fossa are of considerable depth ; they present eminences and depressions for the

middle lobes 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, an anterior and a posterior ; the former passing

upwards and forwards to the anterior inferior angle of the parietal bone, the

latter passing upwards and backwards. The following foramina may also be seen

from before backwards. Most anteriorly is the foramen lacerum anterius, or

sphenoidal fissure, formed above by the lesser wing of the sphenoid
; below by

the greater wing ; internally, by the body of the sphenoid
;
and completed exter-

nally by the orbital plate of the frontal bone. It transmits the third, fourth, the

three branches of the ophthalmic division of the fifth, the sixth nerve, 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 nerve ; still more posteriorly is seen a small orifice, the foramen
Vesalii, an opening, situated between the foramen rotundum and ovale, a little

internal to both ; it varies in size in difierent individuals, and is often absent

;

when present, it transmits a small vein. It opens below in the pterygoid fossa,

just at the outer side of the scaphoid depression. Behind and external to the

latter opening is the foramen ovale, which transmits the thii-d 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 spinosum, 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
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witli cartilage in the recent state. 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, the groove leading to the hiatus

Pallopii, for the transmission of the petrosal branch of the Vidian nerve ; beneath

it, the smaller groove, for the passage of the smaller petrosal nerve ; and, near

the apex of the bone, the depression for the Casserian 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 occipital, the

petrous and mastoid portions of the temporal, and the posterior inferior angle of

the parietal bone ; is crossed by three sutures, the petro-occipital, masto-occipital,

and masto-parietal ; and lodges the cerebellum, pons Varolii, and medulla oblon-

gata. It is separated from the middle fossa in the median line by the basilar

suture, and on each side by the superior boi-der of the petrous portion of the

temporal bone. This border serves for the attachment of the tentorium cerebelli,

is grooved externally for the superior petrosal sinus, and at its inner extremity pre-

sents 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 ligaments ; and a little above these are seen

the internal openings of the anterior condyloid foramina. In front of the foramen

magnum is the basilar process, grooved for the support of the medulla oblongata

and pons Varolii, and articulating 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 upon by
the foramen lacerum posterias, or jugular foramen. This foramen is partially sub-

divided into two parts ; the posterior and larger division transmitting the internal

jugular vein and meningeal branches of the ascending pharyngeal and occipital

arteries, the anterior the eighth pair of nerves. Above the jugular foramen is

the internal auditory foramen, for the facial and auditory nerves and auditory

artery ; behind and external to this is the slit-like opening leading into the aquse-

ductus vestibuli ; whilst between the two latter, and near the superior border of

the petrous portion, is a small triangular depression which lodges, a process of

the dura matei', and occasionally transmits a small vein into the substance of the

bone. Behind the foramen magnum are the inferior occipital fossee, which lodge

the hemispheres of the cerebellum, separated from one another by the internal

occipital ci'est, which serves for the attachment of the falx cerebelli, and lodges

the occipital sinuses. The posterior fossaa are surmounted, above, by the deep

transverse grooves for the lodgment of the lateral sinuses. These channels, in their

passage outwards, groove the occipital bone, the posterior inferior angle of the

parietal, the mastoid portion of the temporal, and the occipital just behind the

jugular foramen, at the back part of which they terminate. Where this sinus

grooves the mastoid part of the temporal bone, the orifice of the mastoid foramen

may be seen ; and, just previous to its termination, it has opening into it the

posterior condyloid foramen. Neither foramen is constant.

The External Surface of the Base of the Skull (fig. 63) is extremely irregular.

It is bounded in front by the incisor teeth in the upper jaws ; 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 peti'ous 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
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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
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jaw ; tlie cavities varying in deptla 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, which open

above, one in the floor of each nostril, and transmit the anterior palatine vessels,

and two in the median line of the intermaxillary suture, 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 palatal glands, and crossed by a crucial

suture, formed by the junction of the four bones of which it is composed. One or

two small foramina, in the alveolar margin behind the incisor teeth, occasionally

seen in the adult, almost constant in young subjects, are called the incisive

foramina ; they transmit nerves and vessels to the incisor teeth. At each pos-

terior angle of the hard palate is the posterior palatine foramen, for the transmission

of the posterior palatine vessels and descending palatine nerve, and running

forwards and inwards from it a groove, which lodges the same vessels and nerve.

Behind the posterior palatine foramen is the tuberosity of the palate bone, perforated

by one or more accessory posterior palatine canals, and marked by the commence-

ment of a ridge, which runs transversely inwards, and 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 uvulse. Behind and 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 in the vertical, and half an inch in the transverse direc-

tion. At the base of the vomer may be seen the expanded ate 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 pterygo-palatine

canals. The pterygoid process, which bounds the posterior 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 hamular 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 fossEe 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 the

insertion of the Rectus capitis anticus major and miuor. At the base of the external

pterygoid plate is the foramen ovale ; behind this, the foramen spinosum, and the

prominent spinous process of the sphenoid, which gives attachment to the internal

lateral ligament of the lower jaw and the Laxator tympani muscle. External to

the spinous process is the glenoid fossa, divided into two parts by the Glaserian

fissure (p. 30), 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 vaginal process, and serving

for the reception of part of the parotid gland. Emerging from between the laminae

of the vaginal process is the styloid process ; and at the base of this process is the

stylo-mastoid foramen, for the exit of the facial nerve, and entrance of the stylo-

mastoid artery. External to the stylo-mastoid 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

;
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and a little more internally, the occipital groove, for the occipital artery. At the

base of the internal pterygoid plate is a large and somewhat triangular aperture,

the foramen lacerum medium, bounded in front 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 basUar process of the occipital bone ; it presents in

front the posterior orifice of the 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 tyrapani muscle.

Behind this suture is seen the under surface of the petrous portion of the tem-

poral 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

aquseductus cochlcEe, 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 towards the cerebral aspect is divided into two
parts by a ridge of bone, which projects usually from the temporal ; the anterior, or

smaller portion, transmitting the three divisions of the eighth pair of nerves, the

posterior transmitting the internal jugular vein and the ascending meningeal

vessels, from the occipital and ascending pharyngeal arteries. On the ridge of

bone dividing the carotid canal from the jugular fossa, is the small foramen for the

transmission of the tympanic nerve ; and on the outer wall of the jugular foramen,

near the root of the stjdoid process, is the small ajDerture for the transmission of

Arnold's nerve. Behind the basilar surface of the occipital bone is the foramen

magnum, bounded on each side by the condyles, rough internally for the attach-

ment of the alar ligaments, and presenting externally a rough surface, the jugular

process, which serves for the attachment of the Rectus lateralis. On either side of

each condyle anteriorly is the anterior condyloid fossa, perforated by the anterior

condyloid foramen, for the passage of the hypoglossal nerve. Behind each condyle

are the posterior condyloid fossEe, perforated on one or both sides by the posterior

condyloid foramina, 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 the bone between them,

being rough for the attachment of the muscles, which are enumerated on page 20.

Lateral Region of the Skull.

The Lateral Region of the Skull is of a somewhat triangular form, the base of

the triangle being formed by a line extending from the external angular process

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 upwards and

backwards to the extremity of the superior curved line. This region is divisible

into three portions, temporal, mastoid, and zygomatic.

The Tempokal 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 at

the posterior root of the zygomatic process. In front, it is bounded by the frontal,
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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 wmg of the sphenoid, parietal, squamous portion of the temporal, and malar
bones, and is traversed by five sutures, the transverse facial, coronal, spheno-
parietal, squamo-parietal, and squamo-sphenoidal. It is deeply concave in front,
convex behind, traversed by grooves which lodge branches of the deep temporal
arteries, and filled by the Temporal muscle.

Side View of tLe Skull.

pTcnlal z'

The Mastoid Portion of the side of the skull is bounded in front by the anterior

root of the zygoma ; above, by a line which runs from the posterior root of the

zygoma to the end of the masto-parietal suture ; behind and below, by the masto-

occipital suture. It is foiined by the mastoid and part of the squamous 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 meaius, surrounded by the auditory process, and, most

anteriorly, the glenoid fossa, bounded in front by the eminentia articularis, behind

by the vaginal process.

The Zygomatic Fossa.

The Zygomatic fossa is an irregularly shaped cavity, situated below, and on the

inner side of the zygoma ; bounded, in front, by the tuberosity of the superior

maxillary bone and the ridge which descends from its malar process ; behind, by
ihe posterior border of the pterygoid process ; above, by the pterygoid ridge on
the outer surface of the great wing of the sphenoid and squamous portion of the
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temporal ; 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

jaw. It contains the lower part of the Temporal, the External, and Internal

pterygoid muscles, the internal maxillary artery, the inferior maxillary nerve, and
their branches. At its upper and inner pa,rt 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

surface of the great wing of the sphenoid ; below, by the external border of the

orbital surface of the superior maxilla and a small part of the palate bone
;

externally, by a small part of the malar bone ; internally, it joins at right angles

with the pterygo-maxillary fissure. This fis.sure opens a communication from
the orbit into three fossse, the temporal, zygomatic, and spheno-maxillary ; it

transmits the superior maxillary nerve and its orbital branch, the infraorbital

artery, and ascending* branches from Meckel's ganglion.

The Pterygo-maxillary fissure is vertical, and descends at right angles from
the inner extremity of the preceding; it is an elongated interval, formed by the

divergence of the superior maxillary bone from the jaterygoid process of the

sphenoid. It serves to connect the spheno-maxillary fossa with the zygomatic, and
transmits branches of the internal maxillary artery. It forms the entrance from
the zygomatic fossa to

The Spheno-Maxtllaby Eossa.

The Spheno-maxillary fossa is a small triangular space situated at the angle of

junction of the 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 or by the orbital plate of the palate bone ; in front, by the superior

maxillary bone ; behind, by the pterygoid process of the sphenoid ; internally, by

the vertical plate of the palate. This fossa has three fissures terminating in it,

the sphenoidal, spheno-maxillary, and pterygo-maxillary ; it communicates with

three fossa3, the oi'bital, nasal, and zygomatic, and 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 more inferior and internal, the pterygo-palatine. On the inner wall is the

spheno-palatine foramen by which the spheno-maxUlary communicates with the

nasal fossa, and below is the superior orifice of the posterior palatine canal, besides

occasionally the orifices of two or three accessory posterior palatine canals.

Anteeioe Region 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 the two prin-

cipal organs of sense, the eye and the nose. It is bounded above by the nasal

eminences 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 nasal eminences, which indicate

the situation of the frontal sinuses ; and diverging from which are the superciliary

ridges which support the eyebrows. Beneath the nasal eminences 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 internasal suture, formed between

the nasal bones, laterally the naso-maxillary suture, formed between the nasal bone

and the nasal process of the superior maxillary bone, both these sutures terminating

above in that part of the transverse suture which connects the nasal bones and
nasal processes of the superior maxillary with the frontal. Below the nose is seen

the opening of the anterior nares, which is heart-shaped, with the narrow end

upwai'ds, 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



70 . THE SKELETON.

intermasillaiy suture, and on eacli side of it tlie incisive fossa. Beneath this fossa

is the alveolar pi'ocess of the upper and lower jaw, containing the incisor teeth, and
at the lower part of the median line, the S3'mphysis of the chin, the mental
eminence, and the incisive fossa of the lower jaw.

On each side, proceeding from above downwards, is the supraorbital 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

-Antei'ior Eep;ion of the Skull.
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this ridge is the supraorbital notch or foramen, for the passage of the supra-

orbital vessels and nerve, and at its inner side a slight depression for the attach-

ment of the pulley of the Superior oblique muscle. Beneath the supraorbital

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 anterioi'' 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 infraorbital 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 jaw. Beneath

the alveolar arch of the lower jaw is the mental foramen for the passage of the men-
tal nerve and artery, 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 facial artery.
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The Orbits.

Tlie orbits (fig. 65) are two quadrilateral pyramidal cavities, situated at the

upper and anterior part of tlie face, their bases being directed forwards and out-

wards, and their apices backwards and inwards. Each orbit is formed of seven

bones, the frontal, sphenoid, ethmoid, superior maxillary, malar, lachrymal, and

palate ; but three of these, the frontal, ethmoid, and sphenoid, enter into the for-

mation 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 Eoof is concave, directed down-
wards and forwards, and formed in front by the orbital plate of the frontal ; behind

by the lesser wing of the sphenoid. This surface presents internally the dejsression

for the fibro-cartilaginous pulley of the Superior oblique muscle ; externally, the

depression for the lachrymal gland ; and posteriorly, the suture connecting the

frontal and lesser wing of the sphenoid.

The Floor is nearly flat, and of less extent than the roof ; it is formed chiefly by
the orbital process of the superior maxillary ; in front, to a small extent, by the

orbital process of the malar, and behind, by the orbital surface of the palate. This

surface presents at its anterior and internal part, just external to the lachrymal

canal, a depression for the attachment of the Inferior oblique muscle
;
externally,

thesutnre between the malar and superior maxillary bones ; near its middle, the infra-

orbital groove ; and posteriorlj'', the suture between the maxillary and palate bones.

The Inner Wall is flattened, and formed from before backwards by the nasal pro-

cess of the superior maxillary, the lachrymal, os planum of the ethmoid, and a small

l^art of the body of the sphenoid. This surface presents the lachrymal groove, and

crest of the lachrymal bone, and the sutures connecting the ethmoid with the lachry-

mal bone in front, and the sphenoid behind.

The Outer Wall is formed in front by the orbital process of the malar bone
; be-

hind, by the orbital plate of the sphenoid. On it are seen the orifices of one or two

malar canals, and the suture connecting the sphenoid and malar bones.

Angles. The su]jerior 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 orbital plate of the sphenoid behind; quite

posteriorly is the foramen lacerum anterius, or sphenoidal fissure, which transmits

the third, fourth, the ophthalmic division of the fifth and the sixth nerves, 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 lachry-

mal in front, and with the ethmoid behind. This suture is perforated by two

foramina, the anterior and posterior ethmoidal, the former transmitting the anterior

ethmoidal artery and nasal nerve, the latter the posterior ethmoidal artery and vein.

The inferior external angle, formed by the junction of the outer wall or floor, pre-

sents the spheno-maxillary fissure, which transmits the infraorbital vessels and

nerve, and the ascending branches from the spheno-palatine ganglion. The inferior

internal angle is formed by the union of the lachrymal and os planum of the ethmoid,

with the superior maxillary and palate bones. The circumference, or base, of the

orbit, quadrilateral in form, is bounded above by the supraorbital arch
;
below,

by the 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 bone ; internally, by the internal angular process of the frontal, and the nasal

process of the superior maxillary. The circumference is marked by three sutures,

the fronto-maxillary internally, the fronto-malar externally, and the malo-masillary

below ; it contributes to the formation of the lachrymal groove, and presents above

the supraorbital notch (or foramen), for the passage of the supraorbital artery,

veins, and nerve. The apex, situated at the back of the orbit, corresponds to the

optic foramen, a short circular canal, which transmits the optic nerve and ophthal-

mic artery. It will thus be seen that there are nine openings communicating with

each orbit, viz. the optic, foramen lacerum anterius, spheno-maxillary fissure, supra-
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orbital foramen, infraorbital canal, anterior and posterior ethmoidal foramina, malar

foramina, and lachrymal canal. To these may be added the external orbital fora-

mina, when present.

The Nasal Fossj;.

The Nasal Fossce are two large irregular cavities, situated in 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 with the pha-

rynx behind by the two posterior nares. These fossse are much narrower above

than below, and in the middle than at the anterior or posterior openings : their

depth, 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 either side. Each fossa also commu-
nicates with four cavities : with the orbit by the lachrymal canal, with the mouth

by the anterior palatine canal, with the cranium by the olfactory foramina, and

66.—Roof, Floor, and Outer WaU of Nasal Fossa.
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with tlie spheno-maxtllary fossa by the spheno-palatine foramen ; and they occa-

sionally 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 the bones of the face, excepting the malar and

lower jaw. Each cavity is bounded by a roof, a floor, an inner and an outer wall.

The 11/pper wall, or roof (fig. 66), is long, narrow, and concave from before back-

wards ; 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 lamella of

the ethmoid, which is horizontal ; and behind, by the under surface of the body of

the sphenoid^ and sphenoidal turbinated bones, which are directed downwards and
backwards. This sul-face presents, from before backwards, the internal aspect of

the nasal bones ; on their outer side, the suture formed between the nasal bone and
the nasal process of the superior maxillary ; on their inner side, the elevated crest

which receives the nasal spine of the frontal, and the perpendicular plate of the
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ethmoid, and articulates with its fellow of the opposite side ; whilst the surface of

the bones is perforated by a few small vascular apertures, and presents the longi-

tudinal groove for the nasal nerve : further back is the transverse suture, connect-

ing 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 it and the sphenoid behind : quite posteriorly are seen the sphenoidal

turbinated bones, the orifices of the sphenoidal sinuses, and the articulation of the

alee of the vomer with the under surface of the body of the sphenoid.

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 palate bone.

This surface presents, from before backwards, the anterior nasal spine ; behind

this, the upper orifice 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.

The inner wall, or septum (fig. 67), is a thin vertical partition, which separates

the nasal fossse fi'om one another ; it is occasionally perforated, so that the fossse

Inner Wall of Nasal Fossre, or Septiuu of Nose.
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communicatej and it is frequently deflected considerably to one side. It is formed,

in front, by the crest of the basal bones and nasal spine of the frontal ; in the middle,

by the perpendicular lamella of the ethmoid ; behind, by the vomer and rosti-um of

the sphenoid ; below, by the crest of the superior maxillary and palate bones. It

presents, in front, a large triangular notch, which receives the triangular cartilage

of the nose ; above, the lower orifices of the olfactory canals ; and behind, the

guttural edge of the vomer. Its surface is marked by numerous vascular and

nervous canals and the groove for the naso-palatine nerve, and is traversed by

Butures connecting the bones of which it is formed.

The outer wall (fig. 66) is formed, in front, by the nasal process of the superior

maxiUary and lachrymal bones ; in the middle, by tte ethmoid and inner surface of

the superior maxillary and inferior turbinated bones ; behind, by the vertical plate

of the palate bone, and the ititernal pterygoid! plate of the sphenoid. This sur-

face presents three irregular longitudinal passages, or meatuses, formed between

three horizontal plates of bone that spring from it ; they are termed the superior,
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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 wall. 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, the posterior ethmoidal cells at the front part of the upper

wall. The opening of the sphenoidal sinuses is usually at the upper and back

part of the nasal fosste, immediately behind the superior turbinated bone. The
middle meahis is situated between the middle and inferior turbinated bones, and
occupies the posterior two-thirds of the outer wall of the nasal fossa. It presents

two apertures. In front is the orifice of the infnndibulum, by which the middle

meatus communicates with the anterior ethmoidal cells, and through these with

the frontal sinuses. At the centre of the outer wall is the orifice of the antrum,

which varies somewhat as to its exact position in different skulls. The inferior

meatus, the largest of the 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 lachrymal canal. '

Os Htoides.

The Hyoid bone is xamed from its resemblance to the Greek Upsilon ; it is

also called the lingual hone, because it supports the tongue, and gives attachment

to its numerous muscles. It is a bony arch, shaped like a horse-shoe, and con-

sisting of five segments, a body, two greater cornua, and two lesser cornna.

The Body forms the central part of the bone, and is of a quadrilateral form : its

anterior surface (fig. 68), convex
gS.-Hyoid Bone. Anterior Surface (enlarged)

d irected forwards and upwards, IS

divided into two parts by a verti-

cal ridge, which descends along

the median line, and is crossed at

right angles by a horizontal ridge,

so that this surface is divided into

four muscular depressions. At
the point of meeting of these two

lines is a prominent elevation, the

tubercle. The portion above the

horizontal ridge is directed up-

wards,and is sometimes described

as the superior border. The an-

terior 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 of the

Digastric (supra-hyoid aponeurosis) ; and between these to part of the Hyo-glossus.

The posterior surface is smooth, concave, directed backwards and downwards, and

separated fi-om the epiglottis by the thyro-hyoid membrane, and by a quantity of

loose areolar tissue. The superior harder is rounded, and gives attachment to the

thyro-hyoid membrane, and part of the Genio-hyo-glossi muscles. The inferior

harder gives attachment, in front, to the Sterno-hyoid ; behind, to part of the Thyro-

hyoid, and to the Omo-hyoid at *its junction with the great cornu. The lateral

surfaces are small, oval, convex facets, covered with cartilage for articulation with

the greater cornua.

The Greater Gormia project backwards from the lateral surfaces of the body
;

they are flattened from above downwards, diminish in size from before backwards,

and terminate posteriorly in a tubercle for the attachment of the thyro-hyoid

ligament. Their 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-hj'oid muscle.
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The Lesser Cornua are two small conical-sliaped 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. In youth, the cornua are

connected to the body by cartilaginous surfaces, and held together by ligaments
;

in middle life, the body and greater cornua usually become joined ; and in old age,

all the segments are united together, forming a single bone.

Development. By fve centres : one for the body, and one for each cornu.

Ossification commences in the body and greater cornua towards the end of foetal

life, those of the cornua first appearing. Ossification of the lesser cornua com-

mences some months after birth.

Attachment of Muscles. Sterno-hyoid, Thyro-hyoid, Omo-hyoid, aponeui'osis

of the Digastricus, Stylo-hyoid, Mylo-hyoid, Genio-hyoid, Genio-hyo-glossns,

Hyo-glossus, Middle constrictor of the pharynx, and occasionally a few fibres of

the Lingualis. It also gives attachment to the thyro-hyoidean membrane, and the

st'ylo-hyoid, thyi'O-hyoid, and hyo-epiglottic ligaments.

THE THORAX.

The Thorax, or chest, is an osseo-cartilaginous cage, intended to contain and
protect the principal organs of respiration and circulation. It is the largest of

the three cavities connected with the spine, and is formed by the sternum and
costal cartilages in front, the twelve ribs on each side, and the bodies of the dorsal

vertebrae behind.

The SfERNuii.

The Sternum (figs. 69, 70) is a flat narrow bone, situated in the median line of

the front of the chest, and consisting, in the adult, of three portions. It has been
likened to an ancient sword : the upper piece, representing the handle, is termed the

manubrium ; the middle and largest piece, which represents the chief part of the blade,

is termed the gladiolus ; and the inferior piece, which is likened to the point of the

sword, is termed the ensifortn 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, becoming narrowed at the point where the first and
second pieces are connected ; after which it again widens a little, and is pointed at

its extremity. Its average 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, is of a somewhat triangular

form, broad and thick above, narrow below at its junction with the middle piece.

Its anterior surface, convex from side to side, concave from above downwards, is

smooth, and afi'ords attachment on each side to the Pectoralis major and sternal

origin of the Stei'no-cleido-mastoid muscle. In well-marked bones, the rido-es

limiting the attachment of these muscles are very distinct. Its posterior surface,

concaye and smooth, affords attachment on each side to the Sterno-hyoid and
Sterno-thyroid muscles. The superior border, the thickest, presents at its centre

the interclavicular notch ; and on each side, an oval articular surface, directed

upwards, backwards, and outvi^ards, 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 with the second portion

of the bone.* The lateral borders are marked above by an articular depression

* The second piece of the sternum is united to the first either by an amphiarthrodial
joint—a single piece of true fibro-cartilage uniting the segments—or by a diarthrodial joint,

lu which each hone is clothed with a distinct lamina of cartilage, adherent on one side, free

and lined with synovial membrane on the other. In the latter case, the cartilage covering
the gladiolus is continued without interruption on to the cartilages of the second ribs. Mr.
Rivington has found the diarthrodial form of joint in about one-third of the specimens ex-
amined by him, M. Maisonneuve more frequently. It appears to be rare in childhood, and
is formed, in Mr. Rivington's opinion, from the amphiarthrodial form, by absorption. The
diarthrodial joint seems to have no tendency to ossify at any age, while the amphiarthrodial
is very liable to do so, and has been found ossified as early as thirty-four years of age. (See
Eivington in ' Med. Ohir. Trans.,' vol. Ivii.)
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70.—Posterior Sm-face of Sternum.
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for the first costal cartilage, and below by a small facet, wliicli, with a similar

facet on the upper angle of the middle portion of the bone, forms a notch for the re-

ception of the costal cartilage of the second rib. These articular surfaces are sepa-

rated by a narrow curved edge, which slopes from above downwards and inwards.

The Second Piece of the sternum, or gladiolus, 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 pieces of which this

part of the bone consists at an early period of life. At the junction of the third

and fourth pieces, is occasionally seen an oi'ifice, 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 sternal origin of the Pectoralis

major. The posterior surface, slightly concave, is also marked by three transverse

lines ; 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 a notch for the cartilage of the seventh rib. These articular

depressions are 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 of junction of two of its primi-

tive 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 their cartilages with the sternal column.

The Third Piece of the sternum, the ensiform or xiphoid appendix, 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 costo-xiphoid ligament; 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 is continuous with the lower

end of the gladiolus ; below, by its pointed extremity, it gives attachment to

the linea alba, and at each superior angle presents a facet for the lower half of the

cartilage of the seventh rib. This portion of the sternum is very various in appear-

ance, 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 cancellated texture, covered by a
thin layer of compact tissue, which is thickest in the manubrium, between the
articular facets for the clavicles.

Development. The sternum, includiug 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 life, the sterniim

is entirely cartilaginous, and when ossification takes place, the ossific granules

are deposited in the middle of the intervals between the articular depressions

for the costal cartilages, in the following order (fig. 71). In the first piece,

between the fifth and sixth months ; in the second and third, between the sixth

and seventh months ; in the fourth piece, at the ninth month ; in the fifth,

within the first year, or between the first and second years after birth ; and in

the ensiform appendix, between the second and the seventeenth or eighteenth

years, by a single centre which makes its appearance at the upper part, and



78 THE SKELETON.

proceeds gradually down-
wards. To these may be

added the occasional ex-

istence, as described by
Breschet, of two small epi-

sternal centres, whichmake
their appearance one on

each side of the inter-

clavicnlar notch. These

are regarded by him as

the anterior rudiments

of a rib, of which the

posterior rudiment is the

anterior lamina of the

transverse process of the

seventh cervical vertebra.

It occasionally happens
that some of the segments

are formed from more
than one centre, the num-
ber and position of which
vary (fig. 73). Thus the

first piece may have two,

three, or even six centres.

Whentwo 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 formed from two

centres placed laterally,

the irregular union of

which will serve to explain

the occasional occurrence

of the sternal foramen

(fig. 74), or of the vertical

fissure which occasionally

intersects this part of the

bone. Union of the va-

rious centres commences
from, below, and proceeds

upwards, taking place in

the following order (fig.

72). The fifth piece is

joined to the fourth soon

after puberty ; the fourth

to the third, between the

twentieth and twenty-

fifth years ; the third to

the second, between the

thirty-fifth and fortieth

veara ; the second is occa-

sionally joined to the first,

especially at an advanced

"I.—Development of the Sternum, by Sis Centres.
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Articulations. With the clavicles, and seven costal cartilages on each

side.

-A Central Rib of Eight Side.

Inner Surface.

Attachment of Muscles. The Pectora-

lis major, Stemo-cleido-mastoid, Sterno-

hyoid, Stemo-thyroid, Triangularis stemi,

aponeurosis of the Ohhquus pxtemns,

Obliquus intemus, and Tiansversah's

muscles, Rectus and Diaphragm.

The Ribs.

The Ribs are elastic arches of bone,

which form the chief part of the thoracic

walls. They are twelve in number on each

side ; but this number may be increased

by the development of a cervical or lumbar

rib, or maybe diminished to eleven. The
fit-st seven are connected behind with the

spine, and in front with the stemnm,
through the intervention of the costal

cartilages ; they are called vertehro-

stemal, or true ribs. The remaining five

are false ribs : of these the first three,

being connected behind with the spine,

and in front with the costal cartilages,

are usually called the vertehi-o-costal, but

would be better named the vertebro-

chondral ribs : the last two are connected

with the vertebrae only, being free at their

anterior extremities ; they are termed ver-

tebral or floating ribs. The ribs vary in

their direction, the upper ones being placed

nearly at right angles with the spine, the

lower ones obliquely, so that the anterior

extremity is lower than the posterior.

The extent of obliquity reaches its

maximum at the ninth rib, and gradu-

ally 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. Their length corre-

sjjonds to the length of the ribs, their

breadth is more considerable in front than

behind, and between the upper than be-

tween the lower ribs. The ribs increase

in length from, the first to the seventh,

when they again dimiaish to the twelfth.

In breadth they decrease firom above

downwards ; in each rib the greatest

breadth is at the sternal extremity.

Common characters oftheEUs (&g. 75).

A rib from the middle of the series should

be taken in order to stndy the common
characters of the ribs.

Each rib presents two extremities, a

posterior or vertebral, an anterior or

sternal, and an intervening portion, the
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body or shaft. The posterior or vertebral extremity presents for examination a head,

neck, and tuberosity. The head (fig. 76) is marked by a kidney-shaped 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 large size ; the ridge separating them
serves for the attachment of the interarticular ligament.

76.—Vertebral Extremity of a Rib. External Surface.
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The nech is that flattened portion of the rib which extends outwards from the

head ; it is about an inch long, and rests upon the transverse process of the lower

of the two vertebrse 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 ils two borders

the superior presents a rough crest for the attachment of the anterior costo-

transverse ligament ; its inferior border is rounded. On the posterior surface 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 articular and a non-

articular portion. The articular portion, the more internal and inferior of the

two, presents a small oval surface for articulation with the extremity of the trans-

verse process of the lower of the two vertebra to which the head is connected.

The non-articular portion is a rough elevation, which affords attachment to the

posterior costo-transverse ligament. The tubercle is much more prominent in the

upper than in the lower ribs.

' The sliaft is thin and flat, so as to present two surfaces, an external and an in-

ternal ; and two borders, a superior and an inferior. The external surface is convex,

smooth, and marked, at its back part, a little in front of the tuberosity, by a promi-

nent line, directed obliquely from above, downwards and outwards ; this gives attach-

ment to a tendon of the Sacro-lumbalis muscle, or of one of its accessory portions, and
is called the angle. At this point, the rib is bent in two directions. If the rib is laid

upon its lower border, it will be seen that the anterior portion of the shaft, as far as

the angle, rests upon this margin, while the vertebral end of the bone, beyond 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. The portion of bone between the

angle and sternal extremity is also slightly twisted upon its own axis, the external

surface looking downwards behind the angle, a little upwards in front of it. This

surface presents, towards its sternal extremity, an oblique line, the anterior angle.

The internal surface is concave, Sfmooth, directed a little upwards behind the angle
;

a little downwards in front of it. This surface is marked by a ridge which com-

mences 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

is deeply grooved, to lodge the intercostal vessels and nerve. At the back part of

the bone, this groove belongs to the inferior border, but just in front of the angle,

where it is deepest and broadest, it corresponds to the internal surface. Tlie

superior edge of the groove is rounded ; it serves for the attachment of the Internal
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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 tbe wall of the shaft obliquely

from before backwards. The superior horder, thick and rounded, is marked by aa

external and an internal lip, more distinct behind than in front ; they serve for

the attachment of the External and Internal intercostal muscles. The inferior

horder, thin and sharp, has attached 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.

Peculiar Ribs.

The ribs which require especial consideration are five in number, viz., the first,

second, tenth, eleventh, and twelfth.

The first rib (fig. 77) is one of the shortest and the most curved of all the ribs
;

it is broad, flat, and placed horizontally at the upper part of the thorax, 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 arti-

culation with the body of the first dorsal vertebra. The nech is narrow and
rounded. The tuberosity, thick and prominent, rests on the outer border. There
is no angle, and the shaft is not twisted on its axis. The upper surface of the

shaft is marked by two shallow depressions, separated from one another by a

ridge, which becomes more prominent towards the internal border, where it

terminates in a tubercle : this tubercle and ridge serve for the attachment of the

Scalenus anticus muscle, the groove in front of it transmitting the subclavian

vein : that behind it, the subclavian artery. Between the groove for the subcla-

vian artery and the tuberosity is a depression for the attachment of the Scalenus

medius muscle. The under surface is smooth, and destitute of the groove

observed on the other ribs. The outer border is convex, thick, and rounded ; the

inner, concave, thin, and sharp, and marked about its centre by the tubercle

before mentioned. The anterior extremitii is larger and thicker than any of the

other ribs.

The second rib (fig. 78) is much longer than the first, but bears a very con-

siderable resemblance to it in the direction of its curvature. The non-articular

portion of the tuberosity is occasionally only slightly marked. The angle is slight,

and situated close to the tuberosity, and the shaft is not tmsted, so that both ends

touch any plane surface upon which it may be laid. 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 attach-

ment of the second and third digitations of the Serratus magnus. 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 (fig. 79) has only a single articular facet on its head.

The eleventh and twelfth ribs (figs. 80 and 81) 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 lower border. The twelfth has neither, and is much shorter than

the eleventh.

Structure. The ribs consist of cancellous tissue, enclosed in a thin compact

layer.

Development. Each rib, with the exception of the last two, is developed by three

centres : one for the shaft, one for the head, and one for the tubercle. The last two
have only tivo centres, that for the tubercle being wanting. Ossification commences

in the body of the ribs at a very early period, before its appearance in the vertebi'ee.

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.

G
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Attachment of Muscles. Th,e Intercostals, Scalenus anticus, Scalenus medius,

Scalenus posticus, Pectoralis minor, Serratus magnus, Obliquus externus, Trans-

versalis, QuacLratus lamborum, Diaphragm, Latissimus dorsi, Serratus posticus

superior, Serratus posticus inferior, Sacro-lumbalis, Musculus accessorias ad sacro-

lumbalem, Longissimus dorsi, Cervicalis ascendens, Levatores costarum.

Peculiar Ribs.
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The Costal Cartilages.

Tbe Costal Cartilages (fig. 69, p, 76) are wbite elastic structures, wbicb serve to

prolong the ribs forward to tbe front of the chest, and contribute very materially

to the elasticity of its walls. The first seven are connected with the sternum, the
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nest three with the lower border of the cartilage of the preceding rib. The
cartilages of the last two ribs, which have pointed extremities, float frpely in the

walls of the abdomen. Like the ribs, the costal cartilages vary in their length,

breadth, and direction. They increase in length from the first to 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 length thronghont, and the sixth, seventh, and eighth, which are

enlarged where their margins are 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 up-

wards ; that of the first gives attachment to the costo-clavioular ligament ; that of

the first, second, third, fourth, fifth, and sixth, at their sternal ends, to the Pectoralis

major. The others are covered by, and give piartial attachment to, some of the great

flat muscles of the abdomen. The posterior surface is concave, and directed back-

wards and downwards, the six or seven inferior ones affording attachment to the

Transversalis muscle, and the Diaphragm. Of the two borders, the superior is

concave ; the inferior, convex; they afford attachment to the Intercostal muscles,

the upper border of the sixth giving attachment to the Pectoralis major muscle.

The contiguous borders of the sixth, seventh, and eighth, and sometimes the ninth

and tenth, costal cartilages present smooth oblong surfaces 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 extremity of the 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
lie in contact with the cartilage above. Those of the eleventh and twelfth are freo,

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. Under
certain diseased conditions, they are prone to ossify. Dr. Humphry's observations

on this subject have led him to regard the ossification of the costal cartilages as a

sign of disease rather than of age. ' The ossification takes place in the first carti-

lage sooner than in the others ; and in men more frequently, and at an earlier

period of life, than in women.'

Attachment of Muscles. The Subclavius, Sterno-thyroid, Pectoralis major.

Internal oblique, Transversalis, Rectus, Diaphi'agm, Triangularis sterni. Internal

and External intercostals.

OF THE EXTREMITIES.

The extremities, or limbs, are those long jointed appendages of the body, which
are connected to the trunk by one end, and free in the rest of their extent. They
Sire four in number : an u-pper or tJwracic pair, connected with the thorax through

the intervention of the shoulder, and subservient mainly to tact and prehension
;

and a lower pair, connected with the pelvis, intended for support and locomotion.

Both pairs of limbs are constructed after one common type, so that they present

numerous analogies ; while at the same time certain diiferences are observed in

each, dependent on the peculiar ofiices they perform.

Of the Uppee "Extremitt.

The upper extremity consists of the arm, the forearm, and the hand. Its con-

tinuity with the trunk is established by means of the shoulder, which is homologous

with the innominate or haunch bone in the lower limb.

G 2
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Of the Shoulder.

The Shoulder is placed upon the upper part and side of the cliest, connecting

the upper extremity to the trunk ; it consists of two bones—the clavicle, and the

scapula.

The Clavicle.

The Clavicle (elavis, a key), or collar-bone, forms the anterior portion of the

shoulder. It is a long bone, curved somewhat like the italic letter /, and placed

nearly horizontally at the upper and anterior part of the thoras, immediately above

the first rib. It articulates by its inner extremity with the upper 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 in the arm. The
clavicle is nearly horizontal. It presents a double curvature, when looked at in

front ; the convexity 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 down-

wards, so as to present two surfaces, an upper and a lower ; and two borders,

an anterior and a posterior. The upper 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 sub-

cutaneous. The under surface is flattened. At its posterior border, 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 called the oblique line, and afibrds attachment

to the trapezoid ligament. The anterior border is concave, thin, and rough ; it

limits the attachment of the Deltoid, and occasionally presents, near the centre, a

tubercle, the deltoid tubercle, which is sometimes distinct in the living subject.

The posterior border is convex, rough, broader than the anterior, and gives attach-

ment to the Trapezius.

Internal or Cylindrical Portion. The cylindrical portion forms the inner two-

thirds of the bone. It is curved, so as to be convex in front, concave behind, and
is mai'ked by three borders separating three surfaces. The anterior border ia

continuous with the anterior margin of the flat portion. At its commencement it

is smoothand corresponds to the interval between the attachment of the Pectoralis

major and Deltoid muscles
; about the centre of the clavicle it divides to enclose

an elliptical space for the attachment of the clavicular portion of the Pectoralis

major. This space extends inwards as far as the anterior margin of the

sternal extremity. 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 sternal extremity. The posterior or subclavian border

separates the posterior from the inferior suface, 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 the fascia which

encloses that muscle. The anterior surface is included between the superior and
anterior borders. It is directed forwards and a little upwards at the sternal end,

outwards and stUl more upwards at the acromial extremity, where it becomes

continuous with the upper surface of the flat portion. Externally, it is smooth,
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convex, nearly subcutaneous, being covered only by the Platysma ; but correspond-

ing to the inner half of the bone, it is divided by a more or less prominent line

into two parts : an interior portion, elliptical in form, rough, and slightly convex,

for the attachment of the Pectoralis major ; and an upper part, which is rough

behind, for the attachment of the Sterno-cleido-mastoid. Between the two

muscular impressions is a small subcutaneous interval. The posterior or cervical

surface is smooth, flat, directed vertically, and looks backwards towards the root

of the neck. It is limited, above, by the superior border ; below, by the sub-

clavian 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. It gives attachment, near the sternal extremity, to part of the Sterno-

hyoid muscle ; and presents, at or near the middle, a foramen, directed obliquely

outwards, which transmits the chief nutrient artery of the bone. Sometimes,

there are two foramina on the posterior surface, or one 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,

82. Left Clavicle. Anterior Surface.

AcTomial Hxt^

StemtiC JUo.fTemibU

83.—Left Clavicle. Inferior Surface.

but gradually increases in width externally, and is continuous with the under

surface of the flat portion. Commencing at the 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) ligament. The remaining part of

this surface is occupied by a longitudinal groove, the subclavian groove, broad and

smooth externally ; narrow and more uneven internally ; it gives attachment to

the Subclavius muscle, and, by its anterior margin, to the strong aponeurosis

which encloses it. Not unfrequently this groove is subdivided into two parts, by
a longitudinal line, which gives attachment to the intermuscular septum of the

Subclavius muscle.

The internal or sternal end of the clavicle is triangular in form, directed in-

wards, and a little downwards and forwards ; and presents an articular facet, con-

cave from before backwards, convex from above downwards, which articulates with

the sternum through the intervention of an interai'ticular fibro-cartilage ; the
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circumference of tlie articular surface is rougt, for tHe attaclimenfc of numerous

ligam.ents. This surface is continuous with the costal facet on the inner end of

the inferior or subclavian surface, which articulates with the cartilage of the first

rib.

The outer or acromial extremity, directed outwards and forwards, presents a

small, flattened, oval facet, which looks obliquely downwards, for articulation with

the acromion process of the scapula. The direction of this surface serves to explain

the greater frequency of dislocation upwards rather than downwards, beneath the

acromion process. The circumference of the articular facet is rough, especially

above, for the attachment of the acromio-clavicular ligaments.

Peculiarities of the Bone in the Sexes and in Individuals. In the female, the

clavicle is generally less cuj'ved, smoother, and more slender than in the male.

In those persons who perform considerable manual labour, which brings into

constant action the muscles connected with this bone, it acquires considerable

bulk, becomes shorter, more curved, its ridges for muscular attachment become
prominently marked, and its sternal end of a prismatic form. The right cla-

vicle is generally heavier, thicker, and rougher, and often shorter, than the

left.

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
clavicle is highly elastic, by reason of its curves. From the experiments of

ilr. Ward, it has been shown that it possesses sufficient longitudinal elastic force

to project 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

anterior convexity, to throw its own weight about a foot. This extent of elastic

power must serve to moderate very considerably the effect of concussions received

upon the point of the shoulder.

Bevelcpment. By two centres ; one for the shaft, and one for the sternal extre-

mity. The centre for the shaft appears very early, before any other bone ; the

centre for the sternal end makes its appearance about the eighteenth or twentieth

year, and unites with the rest of the bone a few years after.

Articulations. With the sternum, scapula, and cartilage of the first rib.

Attachment of Muscles. The Sterno-cleido-mastoid, Trapezius, Pectoralis major,

Deltoid, Subclavius, Sterno-hyoid, and Platysma.

The Scapula.

The Scapula forms the back part of the shoulder. It is a large flat bone,

triangular in shape, situated at the posterior aspect and side of the thorax, between

the first and eighth ribs, its posterior border or base being about an inch from,

and nearly parallel with, the spinous processes of the vertebrae. It presents for

examination two surfaces, three borders, and three angles.

The anterior surface, or venter (fig. 84), presents a broad concavity, the sub-

scapular fossa. It is marked, in the posterior two-thirds, by several oblique ridges,

which pass from behind obliquely outwards and upwards, the anterior third being

smooth. The oblique 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 not afibrd

attachment to, the fibres of this mi;iscle. This surface is separated from 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 aflTords attachment throughout its entire extent to the Serratus

magnus muscle. The subscapular fossa presents a transverse depression at its

upper part, called the subscapular angle ; it is in this situation that the fossa is

deepest ; so that the thickest part of the Subscapularis muscle lies in a line per-

pendicular to the plane of the glenoid cavity, and must consequently operate most

effectively on the humerus which is contained in that cavity.
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The posterior surface, or dorsum (fig. 85), is arched from above downwards,

alternately concave and convex from side to side. It is subdivided unequally into

two parts by the spine ; 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.

84.—Left Scapula, Anterior Surface, or Venter.

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 promi-

nent 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 surface

afford attachment to the Infraspinatus 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'
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angle. The ridge serves for the attachment of a strong aponeurosis, which sepa-

rates the Infraspinatus from the two Teres muscles. The surface of bone between

this line and the axillary border is narrow in the upper two-thirds of its extent,

and traversed near its centre by a groove for the passage of the dorsalis scapulae

vessels ; it aifords attachment to the Teres minor. Its lower third presents a

broader, somewhat triangular surface, which gives origin to the Teres major, and

85.—Left Scapula. Posterior Surface, or Dorsum.

over which glides the Latissimus dorsi ; sometimes the 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 oblique line, which runs from the axillary border,

downwards and backwards : to it is attached the aponieurosis separating the two

Teres muscles from each other.

The Spine is a prominent plate of bone, which crosses obliquely the inner

four-fifths of the dorsum of the scapula at its upper part, and separates the
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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, gradaally becoming more elevated as it passes forwards, terminates in

the acromion process which overhangs the shoulder-joint. The spine is triangular,

and flattened from above downwards, its apex corresponding to the posterior border

;

its base, which is directed outwards, to the neck of the scapula. It presents two

surfaces and three borders. Its superior surface is concave, assists in forming the

supraspinous fossa, aud affords attachment to part of the Supraspinatus muscle.

Its inferior surface forms part of the infraspinous fossa, gives origin to part of the

Infraspinatus muscle, and presents near its centre the orifice of a nutrient canal.

Of the three borders, the miierior is attached to the dorsum of the bone ; the

fosterinr, or crest of the spine, is broad, and presents two lips, and an intervening

rough interval. To the superior lip is attached the Trapezius, to the estent shown

in the figure. A very rough tubercle is generally seen occupying that portion

of the spine which receives the insertion of the middle and inferior fibres of this

muscle. To the inferior lip, throughout its whole length, is attached the Deltoid.

The interval between the lips is also partly covered by the fibres of these muscles.

The exter7ial border, the shortest of the three, is slightly concave, its edges 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

serves to connect the supra- and infra-spinous fossffi.

The Acromion process, so called from forming the summit of the shoulder

(cik-po)', a summit; &ij.oq, the shoulder), is a large and somewhat triangular process,

flattened from behind forwards, directed at first a little outwards, and then curving

forwards and upwards, so as to overhang the glenoid cavity. Its upper surface,

directed upwards, backwards, and outwards, is convex, rough, and gives attachment

to some fibres of the Deltoid. Its under surface is smooth and concave. Its

outer border, which is thick and irregular, affords attachment to the Deltoid

muscle. Its inner margin, shorter than the outer, is concave, gives attachment to

a portion of the Trapezius muscle, and presents about its centre a small oval

surface, for articulation with the acromial end of the clavicle. Its apex, which

con-esponds to the point of meeting of these two borders in front, is thin, and has

attached to it the coraco-acromial ligament.

Of the three borders or costse of the scapula, the superior is the shortest and
thinnest ; it is concave, terminating at its inner extremity at the superior angle,

at its outer extremity at the coracoid process. At its outer part is a deep

semicircular notch, the suprascapular, formed partly by the base of the coracoid

process. This notch is converted ijito a foramen by the transverse ligament, and

serves for the passage of the suprascapular nerve. The adjacent margin of

the superior border affords attachment to the Omo-hyoid muscle. The external,

or axillary, border is the thickest of the three. It commences above at the lower

margin of the glenoid cavity, and inclines obliquely downwards and backwards to

the inferior angle. Immediately below the glenoid cavity, is a rough impression,

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 mnscle. The inferior third

of this border, which is thin and sharp, serves for the attachment of a few fibres

of the Teres major behind, and of the Subscapularis in front. The internal, or

vertebral, border, also named the base, is 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 external borders, and the portion 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 trian-

gular surface at the commencement of the spine ; the Rhomboidens minor, to the
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edge of ttat surface ; the Rhomboideus major being attached by means of a fibroua

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 siiperior, 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 shal-

low, pyriform, articular siirface, the glenoid cavity (yXy'iit], 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 attached the long tendon of the Biceps

muscle. It is covered with cartUage in the recent state
; and its margins, slightly

raised, give attachment to a fibro-cartilaginous structure, the glenoid ligament, by
which its cavity is deepened. The neck of the scapula is the slightly depressed

surface which surrounds the head ; it is more distinct on the posterior than on the

anterior surface, and below than above. In the latter 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

(Kopa?, a croiv), 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 and

inwards ; then, becoming smaller, it changes its direction, and passes 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 surface is

convex and inegular ; its under surface is smooth ; its anterior border is rough,

and gives attachment to the Pectoralis minor ; its posterior 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.

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 ligament.

Structure. In the head, processes, and all the thickened parts of the bone, it is

cellular in structure, of a dense compact tissue in the rest of its extent. The centre

and upper part of the dorsum^ but especially the former, are usually so thin as to be

semi-transparent; occasionally the bone ia found wanting in this situation, and the

adjacent muscles come into contact.

Development (fig. 86). By seven centres : one for the body, two for the coracoid

process, two for the acromion, one for the posterior border, and one for the inferior

Ossification of the body of the scapula commences about the second month of

fcetal life, by the formation of an irregular quadrilateral plate of bone, imme-

diately 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 the

third month. At birth, the chief part of the scapula is osseous, only the coracoid

and acromion processes, the posterior border, and inferior angle, being cartilaginous.

About the first year after birth,, ossification takes place in the middle of the

coracoid process ; which usually becomes joined with the rest of the bone at the

time when the other centres make their appearance. Between the fifteenth and

seventeenth years, ossification of the remaining centres takes place in quick suc-

cession, and in the following order : first, near the base of the acromion, and in

the root of the coracoid process, the latter appearing in the form of a broad

scale ; secondly, in the inferior angle and contiguous part of the posterior border
;

thirdly, near the extremity of the acromion ; fourthly, in the posterior border.

The acromion process, besides being formed of two separate nuclei, has its base
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formed by an estension into it of the centre of ossification wliicli belongs to the

spine, the extent of which varies in difEerent cases. The two separate nuclei

unite, and then join with the extension carried in from, the spine. These yarious

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
;

86.—Plan of the Development of the Scapula. By Seven Centres.

The epiphyses (except one for the Ooraooid process) appear from fifteen to seventeen
years, and unite between twenty-two and twenty-five years of age.

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.

Articulations. With the humerus and clavicle.

Attachment of Mtiscles. To the anterior surface, the Subscapularis
;
posterior

snrface, Supraspinatus, Infraspinatus ; spine. Trapezius, Deltoid ; superior border,

Omo-hyoid ; vertebral border, Serratus magnus, Levator anguli scapulas, Rhom-
boideus, minor and major ; axillary border, Tricepsj Teres minor, Teres major,

glenoid cavity, long head of the Biceps ; ooraooid process, short head of the Biceps,

Coraco-brachialis, Pectoralis minor ;
acromioli process, the Platysma ; and to the

inferior angle occasionally a few fibres of the Latissimus dorsi.

The HtrMEfins.

The Humerus is the longest and largest bone of the upper extremity ; it presents

for examination a shaft and two extremities.

The Up2Jer JExtremity is the largest part ofthe bone ; it presents a rounded head,

joined to the shaft by a constricted part, called tbe neck, and two other eminences,

the greater and lesser tuberosities (fig. 87).
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The head, nearly hemisplierical in form, is dii-ected upwards, inwards, and a
little backwards ; its surface is smootb, coated with cartilage in the recent state

and articulates with the glenoid cavity of the scapula. The circumference of its

articular surface is slightly constricted, and is termed the anatomical neck, in

contradistinction to the constriction which exists below the tuberosities. The latter

is called the surgical neclc, from its often being 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, foi-ming an obtuse angle with the
shaft. It is more distinctly marked ia 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 anterior facet gives attachment to the tendon of the

Supraspinatus ; the middle one to the Infraspinatus ; the posterior facet, and the

shaft of the bone below it, to the Teres minor. The outer surface of the great

tuberosity is convex, rough, and continuous with the outer side of the shaft.

The lesser tuherosity is more prominent, although smaller, than the greater : it is

situated in front of the head, and is directed inwards and forwards. Its 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 groove, the

llcipital groove, so called from its lodging the long tendon of the Biceps muscle,

with which runs a 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. 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

part of the tendon of insertion of the Latissimns dorsi about its centre.

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 great tuberosity above to the

coronoid depression below, separating the internal from the external surface. Its

upper part is very prominent and rough, forms the outer lip of the bicipital groove,

and serves for the attachment of the tendon of the Peetoralis major. About its

centre is seen the rough deltoid impression ; below, it is smooth and rounded,

afibrding 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 surface. It is

rounded and indistinctly marked in its upper half, serving for the attachment of

the external head of the Triceps muscle ; its centre is traversed by a bi'oad but

shallow oblique depression, the musculo-spiral groove ; its lower part is marked
by a prominent rough margin, a little curved from behind forwards, 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 inner lip of the

bicipital groove, and gives attachment fi-om above downwards to the tendons of

the Latissimns dorsi, Teres major, and part of the origin of the inner head of the

Triceps. 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 higher up, which takes a similar

direction. The inferior third of this border is raised into a slight ridge, which
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87.—Left Humerus. Anterior View.
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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 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 musculo-spiral groove, directed

obliquely from behind, forwards, and downwards, and transmitting the musculo-
spiral nerve and superior profunda artery.

The internal surface, less extensive than the external, is directed forwards above,

forwards and inwards below : at its upper part it is narrow, and forms the bicipital

groove. The middle part of this surface is slightly rough for the attachment of the

Coraco-brachialis ; its lower part is smooth, concave, and gives attachment to the

Brachialis anticus muscle.*

The posterior surface (fig. 88) appears 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 is flattened from before backwards, and curved slightly

forwards ; it terminates below in a broad articular surface, which is divided into

two parts by a slight ridge. On either side of the articular surface are the ex-

ternal and internal condyles. The articular surface extends a little lower than

the condyles, and is curved slightly forwards, so as to occupy the more anterior

part of the bone ; its greatest breadth is in the transverse diameter, and it is

obliquely 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 lesser 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 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.

The inner or trochlear portion of the articular surface presents a deep depression

between two well-marked borders. This surface is convex from before back-

wards, concave from side to side, and occupies the anterior lower and posterior

parts of the bone. The external border, less prominent than the internal, cor-

responds 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 sig-moid

cavity of the nlna ; 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 back part of the trochlear surface is a deep trian-

gular depression, the olecranon fossa, in which is received the summit of the

olecranon process in extension of the forearm. Above the front part of the

* A small hook-shaped process of bone, vai-ying from ~ to f of an inch in lengrth, is not
unfrequently found projecting from the inner surface of the shaft of the humerus two
inches ahove the internal condyle. It is curved downwards, forwards, and inwards, and its

pointed extremity is connected to the internal border, just above the inner condyle, by a
ligament or fibrous band ;

completing a,n arch, through which the median nerve and brachial

artery pass, when these structures deidate from their usual course. Sometimes the nerve

alone is transmitted through it, or the nerve may be accompanied by the ulnar-interosseous

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 supracoudyloid 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 Physio-

logical Observations,' p. 202. An accessory portion of the Coraco-brachialis muscle is fre-

quentlv connected with this process, according to Mr. J. Wood : Jom-nal of Anat. and Phy.
No. I,"Nov. 1866, p. 47.
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88.—Left Humerus. Posterior Surface. trochlear surface is seen a smaller de-

pression, the coronoid fossa, which receives

the coronoid process of the tilna during

flexion of the forearm. These fossaa

are separated from one another by a thin

transjjarent lamina of bone, which is

sometimes perforated ; their 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 articula-

tion. Above the front part of the radial

tuberosity is seen a slight depression,

which receives the anterior border of the

head of the radius when the forearm is

strongly flexed. The external condyle

is a small tubercular eminence, less pro-

minent 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 su-

pinator muscles. The internal condyle,

larger and more prominent than the ex-

ternal, 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 foi-earm. 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. The great

prominence of the inner one renders it

more liable to fracture.

Structure. '\\c 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 centres (fig.

89) : one for the shaft, one for the head,

one for the greater tuberositjr, one for the

radial head, one for the trochlear portion

of the articular surface, and one for each

condyle. The centre for the shaft

appears very early, soon after ossifica-

tion has commenced in the clavicle, and
soon extends towards the extremities.

At birth the humerus is ossified nearly

in its whole length, the extremities re-

maining eartilaginoiis. Between the first

and second years ossification commences
in the head of the bone, and between the
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second and ttird years 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 after the fourth
year. By the fifth year the centres for the head and tuberosities have enlarged and
become joined, so as to form a single large epiphysis.

The lower end of the humerus is developed in the following manner : At the
end of the second year ossification commences in the radial portion of the ar-

ticular surface, and from this point extends inwards, so as to form the cliief part
of the articular end of the bone, the centre for the inner part of the articular sur-

face not appearing until about the age of twelve. Ossification commences in the
internal condyle about the fifth year, and in the external one not until about the
thirteenth or fourteenth year. About

89.—Plan of the Development of the
Humerus. By Seven Centres.
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sixteen or seventeen years, the outer

condyle and both portions of the

articulating surface (having already

joined) unite with the shaft ; at eigh-

teen years the inner condyle becomes

joined, whilst the upper epiphysis, al-

though the first formed, is not united

until about the twentieth year.

Artindations. Withthe glenoid ca-

vity of the scapula, and with the ulna

and radius.

Attachmeni of Muscles. To the

greater tuberosity, the Supraspinatus,

Infraspinatus, and Teres minor ; to

the lesser tuberosity, the Subscapu-

laris ; to the anterior bicipital ridge,

the Pectoralis major ; to the posterior

bicipital ridge and groove, the Latis-

simus dorsi and Teres major ; to the

shaft, the Deltoid, Coraco-brachialis,

Brachialis anticus, external and in-

ternal heads of the Triceps ; to the

internal condyle, the Pronator radii

teres, and common tendon of the

Flexor carpi radialis, Palmaris longus.

Plexor digitorum sublimis, and Flexor

carpi ulnaris : to the external condy-

loid ridge, the Supinator longus, and

Extensor carpi radialis longior ; to the

external condyle, the common tendon of the Extensor carpi radialis brevier.

Extensor communis digitorum. Extensor minimi digiti, and Extensor carpi ulnaris,

the Anconeus, and Supinator brevis.

The Forearm is that portion of the upper extremity which is situated between

the elbow and wrist. It is composed of two bones, the Ulna and the Radius.

Vnites with

Shaft at

The Ulna.

The Ulna (figs. 90, 91), so called from its forming the elbow (wXirr)'), is a 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, ofgreat

thickness and strength, forms a large part of the articulation of the elbow-joint

;

it diminishes in size from above downwards, its lower extremity being very small,

and excluded from the wrist-joint by the interposition of an interarticular fibro-

cartilage. It is divisible into a shaft, and two extremities.

The Upper Extremity, the strongest part of the bone, presents for examination
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90.—Bones of Left Forearm. Auterioi' Surface.
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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 (wXt'rj), elbow; Kpavov, head) is a large thick curved

eminence, situated at the upper and back part of the ulna. It rises somewhat

higher than the coronoid, and is curved forwards at the summit so as to present a

prominent tip, its base being contracted where it joins the shaft. This is the

narrowest part of the upper end of the ulna, and, consequently, the most usual

seat of fracture. The posterior surface of the olecranon, directed backwards,

is triangular, smooth, subcutaneous, and covered by a bursa. Its upper surface,

directed upwards, is of a 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 joosterior ligament of the

elbow-joint. Its anterior surface is smooth, concave, 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. The Olecranon process, in its structure as well as in its position and

use, resembles the Patella iu the lower limb ; and, like it, sometimes exists as a

separate piece, not united to the rest of the bone.*

The Coronoid Process (Kopa)rr], a crow's heali) is a rough 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. Its base is continuous

with the shaft, and of considerable strength, so much so that fracture of it is an

accident of rare occurrence. Its apex is pointed, slightly curved upwards, and

received into the coronoid depression of the humerus in flexion of the forearm.

Its upper surface is smooth, concave, and forms the lower part of the great sigmoid

cavity. The under surface is concave, and marked internally by a rough impres-

sion 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 a narrow, oblong, articular de-

pression, the lesser sigmoid cavity. The inner surface, 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 Flexor digitorum sublimis, behind the eminence, a depression for part

of the origin of the Flexor profundus digitorum, and, descending from the emi-

nence, a ridge, which gives attachment to one head of the Pronator radii teres.

Occasionallj', the Flexor longus poUicis arises from the lower part of the Coronoid

process by a rounded bundle of muscular fibres.

The Greater Sigmoid. Gavity, so called from its resemblance to the old shape of

the Greek letter 2, is a semilunar depression of large size, formed by the olecranon

and coronoid 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 pro-

cesses 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 two portions,

the internal is the larger ; it is slightly concave transversely, the external portion

being nearly plane from side to side.

The Lesser Sigmoid Gaviiy ia a narrow, oblong, articular depression, placed on

the outer side of the coronoid process, and serving for articulation with the head

of the radius. It is concave from before backwards ; and its extremities, which

are prominent, serve for the attachment of the orbicular ligament.

The SJiaft is prismatic in form at its upper part, and curved from behind

* Professor Owen regards the olecranon as homoloo-ous not with the patella, but with an

exteusion of the upper end of the fibula above the knee-joiut, which is met with in the

Oruithorhynchus, Bchidna, and some other auimals. (OwEsr, ' On the Nature of Limbs.')
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forwards, and from witliin outwards, so as to be convex behind and externally ; its

central part is quite straight; its lower jDart rounded, smooth, and bent a little

outwards ; it tapers gradually from above downwards, and presents for examination

three borders, and thi-ee surfaces.

The anterior border commences above at the prominent inner angle of the coro-

noid process, and terminates below in front of the styloid process. It is well marked
above, smooth and rounded in the middle of its extent, and affords attachment to

the Flexor profundus digitorum : sharp and prominent in its lower fourth for the

attachment of the Pronator quadratus. It separates the anterior from the internal

surface.

The posterior border commences above at the apex of the triangular 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 fourth is smooth and rounded.

This border separates the internal from the 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 trian-

gular 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 are very prominent,

and serve for the attachment of the interosseous membrane ; its lower fourth is

smooth and rounded. This border 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 affords attachment to the Flexor profundus digi-

torum ; 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,

directed obliquely from above downwards and inwards ; this ridg-e marks the

extent of attachment of the Pronator 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

posterior extremity of the lesser sigmoid cavity, downwards 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 brevis. The
surface of bone below this is subdivided by a longitudinal ridge, sometimes called

the perpendicular line, into two parts : the internal part is smooth, concave, and

gives origin to (occasionally is merely 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

secundi internodii 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.

The Lower Extremity of the ulna is of small size, and excluded fi'om the articu-

lation of the wrist-joint. It presents 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

process. The liead presents an articular facet, part of which, of an oval form, is

directed downwards, and plays on the surface of the triangular fibro-cartilage,

which separates this bone from the wrist-joint ; the remaining portion, directed

outwards, is narrow, convex, and received into the sigmoid cavity of the i-adius.

The stijloid process projects from the inner and back part of the bone, and descends

a little lower than the head, terminating in a rounded summit, which affords attach-

ment to the intei'nal lateral ligament of the wrist. The head is separated from

the styloid process by a depression for the attachment of the triangular inter-

H 2
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91.—Bones of the Left Forearm. Posterior Surface.
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RADIUS.

articular fibro-cartilage ; and behind, by a shallow groove for the passage of the
tendon of the Extensor carpi nlnaris.

Structure. Similar to that of the other long bones.

Development. By tJiree centres : one for the shaft, one for the inferior extremity,

and one for the olecranon (fig. 92). Ossification commences near the middle of

the shaft about the fifth week, and soon extends through the greater part of the

bone. At birth the ends are cartilaginous. About the fourth year, a separate

osseous nucleus appears in the middle of the head, which soon extends into the

styloid process. About the tenth year, ossific matter appears in the oleci'anon near

its extremity, the chief part of this process being formed from au 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.

Articulations. With the humerus and radius.

Attachment of Muscles. To the olecranon : the Triceps, Anconeus, and
one head of the Flexor carpi ulnaris.

92.—Plan of the Development of the Ulna. rp^
^^^^ coronoid process: the Bra-

By Three Centres. 1 t o.- -n i.
j--

j.' chialis anticus, Pronator radii teres,

OlscTancr?i
^ Flexor sublimis digitorum, and Flexor

\^MnsS)i(cftM I .. y profundus digitorum, occasionally also

the Flexor longus poUicis. To the

shaft : the Flexor profundus digi-

torum, Pronator quadratus, Flexor

carpi ulnaris, Extensor carpi ulnaris,

Anconeus, Supinator brevis, Extensor

ossis metacarpi pollieis. Extensor se-

cundi internodii pollieis, and Extensor

indicis.

The Radius.

The Badms is situated on the outer

side of the forearm, lying parallel

with the ulna, which exceeds it in

length and size. Its upper end is

small, and forms only a small part of

the elbow-joint ; but its lower end is

large, and forms the chief part of the

wrist. It is one of the long bones,

prismatic in form, slightly curved

longitudinally, and like other 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 articulates

with the radial or lesser head of the humerus in flexion of the joint. Around the

circumference of the head is a smooth articular surface, coated with cartilage in

the recent state, broad internally where it rotates within the lesser sigmoid cavity

of the ulna; narrow in the rest of its circumference, to play in the orbicular liga-

ment. The head is supported on a round, smooth, and constricted portion of bone,

called the nech, 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 tuherosity. 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

«tft'"
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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 ohlique

line of the radius. It gives attaoliment, externall)', to the Supinator brevis
;

internally, to the Flexor longns pollicis, and between these to the Flexor digitorum

sublimis. 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 Supi-

nator longns.

The posterior border commences above, at the back part of tlie 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 bifurcates into two ridges, wliich descend to the

anterior and posterior margins of the sigmoid cavity. This border separates the

anterior from tlie posterior surface, and has the interosseous membrane attached to

it throughout the gr'eater part of its extent.

The anterior surface is narrow and concave for its upper two-thirds, and gives

attachment to the Flexor longus pollicis muscle
;
below, it is broad and flat, and

gives attachment to the Pronator quadratus. At the junction of the upper and

middle thirds 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

extent, and covered by the Supinator brevis muscle. Its middle third is broad,

sligbtly concave, and gives attachment to the Extensor ossis metacarpi pollicis

above, the Extensor primi internodii pollicis below. Its lower third is broad,

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 througliout its entire extent. Its

irpper third gives attachmentto the Supinator brevis muscle. About its 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 primi internodii pollicis muscles.

The Lower Exiremiiy 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 is large, of a trian-

gular form, and articulates with the scaphoid bone ; the inner, smaller and
quadrilateral, articulates with the semilunar. The articular surface for the ulna

is called the sigmoid cavity oi the radius; it is narrow, concave, smooth, and
articulates with the head of the ulna. The circumference of this end of tlie bone
presents three surfaces, an anteiior, 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 process, which gives attachment by its

base to the tendon of the Supinator longus, and by its apes to the external lateral

ligament of the wrist-joint. The outer surface of this process is marked by two

grooves, which run obliquely downwards and forwards, and are separated from

one another by an elevated ridge. The anterior one gives passage to the tendon

of the Extensor ossis metacarpi pollicis, the posterior one to the tendon of the

Extensor primi internodii pollicis. The posterior surface is convex, affords

attachment to the posterior ligament of the wrist, and is marked by three grooves.

Proceeding froiu without inwards, the first groove is broad, but shallow, and sub-

divided into two by a slightly elevated ridge : the outer of these two transmits the
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tendon of the Extensor carpi radialis longior, the inner the tendon of the Extensor

carpi radialis brevior. The second, which is near the centre of the bone, is a deep

but narrow groove, directed obliquely from above, downwards and outwards; it

transmits the tendon of the Extensor secundi internodii pollicis. The third, lying

most internally, is a broad groove, for the passage of the tendons of the Extensor

communis digitoi-um, Extensor indicis and Extensor minimi digiti ; the tendon of

the last-named muscle passing through the groove at the point of articulation

of the radius with the ulna, and lying in a separate sheath of the annular ligament.

Struciure. Similar to that of the other long bones.

Development (fig. 93). 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 puberty, the up-

per epiphysis becomes joined to the

shaft ; the lower epiphysis becoming
united about the twentieth year.

Articulations. With four bones : the

humerus, ulna, scaphoid, and semi-

lunar.

Attachment of Muscles. To the tu-

berosity, the Biceps ; to the oblique

ridge, the Supinator brevis, Plexor

digitoram sublimis, and Plexor longus

pollicis ; to the shaft (its anterior sur-

face), the Plexor longus pollicis and

Pronator quadratus
;
(its posterior .sur-

face), the Extensor ossis metacarpi

pollicis and Extensor primi internodii

pollicis : (its outer surface), the Pro-

nator radii teres ; and to the styloid

process, the Supinator longus.

.Vjf.v-
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THE HAND.

The skeleton of the Hand is subdivided into three segments—the Carpus or wrist

bones, the Metacarpus or bones of the palm, and the Phalanges or bones of the fingers.

The Carpus.

The bones of the Carpus, eight in number, are arranged in two rows. Those

of the 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, and unciform.

Common Chakacters of the Caepal Bones.

Each bone (excepting the pisiform) presents six surfaces. Of these, the ante-

rior or palmar, and the posterior or dorsal, are rough, for ligamentous attachment,

the dorsal surface being generally the broader of the two. The superior and

inferior 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 tub?rcular. Their structure in all is similar, consisting
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witliin of cancellous tissue enclosed in a layer of compact bone. Each bone is also

developed from a single centre of ossification.

Bones of the Upper Row. (Pigs. 94, 95.)

Tbe Scaphoid is the largest bone of the first row. It has received its name from

its fancied resemblance to a boat, being broad at one end, and narrowed like a prow

at the opposite. It is situated at the upper and outer part of the carpus, its

direction being fi'om above downwards, outwards, and forwards. The superior

surface 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 articulates with the trapezium, the inner with the trapezoid.

The posterior or dorsal surface presents a narrow, rough groove, which runs the

entire breadth of the bone, and serves for the attachment of ligaments. The
anterior or palmar surface is 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.

The external surface is rough and narrow, and gives attachment to the external

lateral ligament of the wrist. The internal stirface 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 os magnum.
Lay it with the dorsal surface, i.e., the narrow nonarticular grooved surface,

on the table, and the convex radial articular surface towards you. The tubercle

is outwards, i.e., 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.

The Semilunar bone may be distinguished by its deep concavity and crescentic

outline. It is situated in the centre of the upper row of the carpus, between the

scaphoid and cuneiform. The superior surface, convex, smooth, and bounded by
four edges, articulates with the radius. Th&inferior surface is deeply concave, and

of greater extent from before backwards than transversely ; it articulates with the

head of the os magnum, and bj-a long narrow facet (separated by a ridge from the

general surface) with the unciform bone. The anterior or palmar and posterior or

dorsal surfaces are rough, for the attachment of ligaments, the former being the

broader, and of somewhat rounded form. The external surface presents a narrow,

flattened, semilunar facet, for articulation with the scaphoid. The interval surface

is marked by a smooth, quadrilateral facet, for articulation with the cuneiform.

Lay it with the broader nonarticular suj-face upwards and the semilunes

forwards (i.e., away from you). The broader semilunar surface, that for the os

magnum, will be on the side to which the bone belongs. If the ridge between the

two semilunes is absent or ill-marked, the crescentic surface for the scaphoid will

be on the side to which the bone belongs.

Articulations. With five bones : the radius above, os magnum and unciform

below, scaphoid and cuneiform on either side.

The Cuneiform {VOs Pyramidal) may be distinguished by its pyramidal shape,

and by its having an oval, isolated facet, for articulation with the pisiform bone.

It is situated at the upper and inner side of the carpus. The superior surface

presents an internal, rough, non-krticular portion ; and an external or articular

portion, which is convex, smooth, and separated from the lower end of the ulna by

the interarticular fibro-cartilage of the wrist. The inferior surface, directed out-

wards, is concave, sinuously curved, and smooth for articulation with the unciform.

The posterior or dorsal surface is rough, for the attachment of ligaments. The
anterior or palmar surface presents, at its inner side, an oval facet, for articulation

* In these directions each hone is supposed to be placed as it would be if the hand were
laid supine on the table in front of the student, with the wrist towards him.
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with tlie pisiform ; and is rougli externally, for ligamentous attaobment. The

external surface, the base of the pyramid, is marked by a flat, quadrilateral, smooth

facet, for articulation with the semilunar. The internal surface, the summit of the

pyramid, is pointed and roughened, for the attachment of the internal lateral

ligament of the wrist.

Lay it with the surface on which the pisiform facet is upwards, and the con-

cavo-convex surface for the unciform in front. The base of the wedge (i.e., the

broad end of the bone) will be on the side to which it belongs.

Articulations. With three bones : the semilunar externally, the pisiform in front,

the unciform below, and with the triangular interarticnlar libro-cartilage which

separates it from the lower end of the ulna.

The Pisiform bone may be known by its small size, and by its presenting a

single articular facet. It is situated at the anterior and inner side of the carpus, is

nearly circular in form, and presents on its posterior surface a smooth oval facet,

for a.rticalation with the cuneiform bone. This facet approaches the superior, but

not the inferior, border of the bone. The anterior or palmar surface is rounded and

reugh, and gives attachment to the anterior annular ligament. The outer and inner

surfaces are also rough, the former being convex, the latter usually concave.

Lay it with the articular facet on the table, and the non-articular part of the

same surface in front. The concave (inner) surface is then on the side to which the

bone does not belong, i.e., on the ulnar side.

Articulation. With one bone, the cuneiform.

Attachment of Muscles. To two : the Flexor carpi ulnaris, and Abductor minimi

digiti ; and to the anterior annular ligament.

Bones op the Lowee Eow. (Figs. 94, 95.)

The Trapezium is of very irregular form. It may be distinguished by a deep

groove, for the tendon of the Flexor carpi radialis muscle. It is situated at the

external and inferior part of the carpus, between the scaphoid and first meta-

carpal bone. The superior surface, concave and smooth, is directed upwards and

inwards, and articulates with the scaphoid. The inferior surface, directed down-

wards and outwards, is oval, concave from side to side, convex from before back-

wards, so as to form a saddle-shaped surface, for articulation with the base of the

first metacarpal bone. The anterior or palmar surface is narrow and rough.

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, and Flexor brevis

pollicis muscles ; and the anterior annular ligament. The posterior or dorsal

surface is rough, and the external surface also broad and rough, for the attachment

of ligaments. The internal surface presents two articular facets : the upper one,

laro-e and concave, articulates with the trapezoid
;
the lower one, narrow and

flattened, with the base of the second metacarpal bone.

Lay it with its prominent ridge* upwards and towards yourself. The saddle-

shaped surface for the thumb is on the side to which the bone belongs.

Articulations. 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, and part of the

Flexor brevis pollicis.

The Trapezoid is the smallest bone in the second row. It may be known by

its wedo-e-shaped form, the broad end of the wedge forming the dorsal, the narrow

end the palmar surface ; and by its having four articular surfaces touching each

other, and separated by sharp edges. The superior surface, quadrilateral in form,

smooth and slightly concave, articulates with the scaphoid. The inferior surface

* This prominent ridge is between the deep groove for the tendon of the Flexor carpi

radialis and the Mo;i-artioular surface.
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ai'ticulates wifcli 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 facets. The posterior or dorsal and anterior or •palmar

surfaces are rough, fof the attachment of ligaments, the former being the larger

of the two. The external surface, convex and smooth, articulates with the

trapezium. The internal surface is concave and smooth below, for articula-

tion with the OS magnum ; rough above, for the attachment of an interosseous

ligament.

Lay it with its smaller non-articular surface upwards, and the edge which

separates the two concave articular facets forwards. The lower end of the bone

will then curve aivcuj from the side to which it belongs.*

Articulations. With four bones ; the scaphoid above, second metacarpal bone

below, trapezium externally, os magnum internally.

Attachment of Muscles. Part of the Flexor brevis pollicis.

The Os Magnum is the largest bone of the carpus, and occupies the centre 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, the body. The superior surface is rounded, smooth, and

articulates with the semilunar. The inferior surface is divided by two ridges into

three facets, for articulation with the second, third, and fourth metacarpal bones
;

that for the third (the middle facet) being the largest of the three. The posterior

or dorsal surface is broad and rough ; the anterior or palmar, narrow, rounded,

and also rough, for the attachment of ligaments. 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 attach-

ment 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, wliich occupies its posterior and superior parts ; and is rough

in front, for the attachment of an interosseous ligament.

Lay it on the table with the narrower (convex) non-articular surface upwards,

and the head towards you. The prominent corner at the lower anterior part of the

bone inclines atcay from the side to which it belongs.

Articidations. With seven bones : the scaphoid and semilunar above ; the second,

third, and fourth metacarpal below ; the trapezoid on the radial side ; and the unci-

form on the ulnar side.

Attachment of Muscles. Part of the Flexor brevis pollicis.

The Unciform bone may be readily distinguished by its 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 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 meta-

carpal bones, the concave surface for each iieing separated by a ridge, which runs

from before backwards. The posterior or dorscd surface is triangular and rough,

for ligamentous attachment. The anterior ov palmar 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 ; Ipy its inner surface, to the Flexor brevis minimi

digiti, and the Flexor ossis metacarpi minimi digiti ; and is grooved on its outer

side, for the passage of the Flexor tendons into the palm of the hand. This is one

of the four eminences on the front of the carpus, to which the anterior annular

* If the bone be not well marked, the following method, suggested by Mr. E. J. Spitta,

Demonstrator of Anatomy at St. George's Hospital School, will be found more simple. Let the

superior—i.e. the smooth quadrilateral articular—surface be directed towards the student, and

the posterior—the larger rough non-artioular—surface upwards ; the latter will then he found

to present a wedge-shaped outline, the base ofwhich points to the side to which the bone belongs.
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ligament is attached ; the others being the pisiform internally, the oblique ridge of

the trapezium and the tuberosity of the scaphoid externally. The internal sur-

face articulates with the cuneiform by an oblong facet, cut obliquely from above,

downwards and inwards. The external surface articulates with the os magnum
by its upper and posterior part, the remaining portion being rough, for the attach-

ment of ligaments.

Lay it with the hooked process upwards, and the articular surface divided into

two parts for the metacarpal bones forwards. The concavity of the process will be

on the side to which the bone belongs.

Articulations. With five bones : the semilunar above, the fourth and fifth meta-

carpal below, the cuneiform internally, the os magnum externally.

Attachment of Muscles. To two : the Plexor brevis minimi digiti, and Flexor

ossis metacarpi minimi digiti ; and to the anterior annular ligament.

The Metacaepds.

The Metacarpal bones are five in number : they are long cylindrical bones,

presenting for examination a shaft, and two extremities.

Common Charactees of the Metacarpal Bones.

The sliaft is prismoid in form, and curved longitudinally, so as to be convex in

the longitudinal direction behind, concave in front. It presents three surfaces

:

two lateral, and one posterior. The lateral surfaces are concave, for the attach-

ment of the Interossei muscles, and separated from one another by a prominent

line. The posterior or dorsal surface is triangular, smooth, and flattened below,

and covered, in the recent state, by the tendons of the Extensor muscles. In its

upper half it is divided by a ridge into two naiTOW lateral depressions, for the

attachment of the Dorsal interossei muscles. This ridge bifurcates a little above

the centre of the bone, and its branches run to the small tubercles on each side of

the digital extremity.

The carpal extremity, or base, is of a cuboidal form, and broader behind than in

front : it articulates above with the carpus, and on each side with the adjoining

metacarpal bones ; its dorsal and palmar surfaces being rough, for the attachment

of tendons and ligaments.

The digital extrem.it%j, or head, presei^js an oblong surface, flattened at each side,

for articulation with the first phalanx ; it is broader, and extends farther forwards

in front than behind, and is longer in the antero-posterior than in the transverse

diameter. On either side of the head is a deep depression, surmounted by a

tubercle, for the attachment of the lateral ligament of the metacarpo-phalangeal

joint, ^he posterior surface, broad and flat, supports the Extensor tendons; the

anterior surface presents a median groove, bounded on each side by a tubercle, for

the passage of the Flexor tendons.

Peculiar Chaeact'ees op the Metacarpal Bones.

The metacarpal hone of the tliuirih is shorter and wider than the rest, diverges

to a greater degree from the carpus, and its palmar surface is directed inwards

towards the palm. The shaft is flattened and broad on its dorsal aspect, and does

not present the bifurcated 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-convex surface, for articulation with the trapezium, and has

no lateral facets. The digital extremity is less convex than that of the other meta-

carpal bones, broader from side to side than from before backwards, and terminates

anteriorly in a small articular eminence on each side, over which play two sesamoid

bones.

The side to which this bone belongs ma)' be known by observing the little

facet, which is marked on the inner side of its posterior surface just above the

base, for the tendon of the Extensor ossis metacarpi pollicis. Mr. Holden directs
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that the bone be placed with its dorsal surface upwards, and its head towards the

student, which is the reverse of the ordinary position. This facet will then mark
the side to which the bone belongs.

The metacarpal hone of the index finger is the longest, and its base the largest

of the other four. Its carpal extremity is prolonged upwards and inwards. The
dorsal and palmar surfaces of tliis extremity are rough, for the attachment of

tendons and ligaments. It presents four articular facets : the first, at the end of

the bone, is concave from side to side, convex from before backwards, and articu-

lates with the trapezoid ; the second, on the radial side, is a flat quadrilateral facet,

for tlie trapezium ; the third, which occupies the outer part of the ulnar side of

the extremity, is a long narrow facet, for the os magnum ; and the fourth, which

occupies the inner part of the same side, is a considerably broader surface, for the

third metacarpal bone.

The side to which this bone belongs is marked by the absence of the lateral

facet on the outer (radial) side of its head, so that if the bone be 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. If the head of the bone be indis-

tinetly marked, the base can be recognised, its ulnar or inner surface being marked
by the two long narrow facets for the os magnum and third metacarpal, easily

distinguishable from the single quadrangular facet on the radial side for the trape-

zium, which will then.mark the side to which the bone belongs.

The metacarpal hone of the middle finger is a little smaller than the preceding
;

it presents a pyramidal eminence on the radial side of its base (dorsal aspect), which

extends upwards behind the os magnum. The carpal articular facet is concave

behind, flat and horizontal in front, and corresponds to 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 fourth

metacarpal.

The side to which this bone belongs is easily recognised by the projecting angle

on the lower radial corner of its base. With the palmar surface uppermost, and the

base towards the student, this projection points towards the side to which the

bone belongs.

The metacarpal hone of tlie ringfiiiger 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 the greatly larger size in such cases of the facet for the fifth

metacarpal bone, wliich is therefore situated on the side to which the bone does not

belong.

'Yhe metacarpal hone of the little finger maybe distinguished by the concavo-

convex form of its carpal surface, which, articulates with the unciform ; and by its

having only one. lateral articular facet, which, corresponds with the fourth meta-

carpal bone. On its ulnar side is a prominent tubercle, for the insertion of the

tendon of the Extensor carpi ulnaris. The dorsal surface of the shaft is marked by

an oblique ridge, which extends ifrom near the ulnar side of the upper extremity to

the radial side of the lower. The outer division of this surface serves for the at-

tachment of the fourth Dorsal interosseous muscle •, the inner division is 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 wliich has a lateral facet will be that to which the

bone belongs.

Articuljxtioiis. Besides the phalangeal articulations, the first metacarpal bone
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articulates with tlie trapezium ; the second with the trapezium, trapezoides, 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 mctacai'pal.

Attachment of Muscles. To the metacarpal bone of the thumb, three : the Flexor

ossis metacarpi pollicis. Extensor ossis metacarpi pollicis, and first Dorsal inter-

osseous. To the second metacarpal bone, five ; the Flexor carpi radialis. Extensor

carpi radialis longior, first and second Dorsal interosseous, and first Palmar inter-

osseous. To the third, five : the Extensor carpi radialis brevior, Flexor brevis

pollicis. Adductor pollicis, and second and third Dorsal interosseous. To the

fourth, three : the third and fourth Dorsal and second Palmar interosseous. To the

fifth, five : the Extensor carpi uhraris. Flexor carpi ulnaris. Flexor ossis metacarpi

minimi digiti, fourth Dorsal, and third Palmar interosseous.

Phalanges.

The Phalanges are the bones of the fingers ; they are fourteen in number, three

for each finger, and two for the thumb. They are long bones, and present for

examination a shaft, and two extremities. The shaft tapers from above downwards,

is convex posteriorly, concave in front from above downwards, flat from side to

side, and marked laterally by rough ridges, which give attachment to the fibrous

sheaths of the Flexor tendons. The metacarpal extreinity or hase, in the first row,

presents an oval concave articular surface, broader from side to side than from

before backwards ; and the same extremity in the other two rows, a double con-

cavity separated by a longitudinal median ridge, extending from before backwai'ds.

The digital extremities are smaller than the others, and terminate, in the first and

second row, in two small lateral condyles, separated by a slight groove ; the arti-

cular surface being prolonged farther forwards on the palmar than on the dorsal

surface, especially in the first row.

The JJngiMl phalanges are convex on their dorsal, flat on their palmar surfaces

;

they are recognised by their sm.all size, and by a i oughened elevated surface of a

horseshoe form on the palmar aspect of their ungual extremity, which serves to

support the sensitive pulp of the finger.

Articulations. The first row with the metacarpal bones, and the second row of

phalanges ; the second row with the first and third ; the third, with the second row.

Attachment of Muscles. To the base of the first jshalanx of the thumb, four

muscles : the Extensor primi internodii pollicis. Flexor brevis jjollicis. Abductor
pollicis, Adductor pollicis. To the second phalanx, two : the Flexor longus pollicis,

and the Extensor secundi internodii. To the ha.se of the first phalanx of the index

finger, the first Dor.sal and the first Palmar interosseous ; to that of the middle

finger, the second and third Dorsal interosseous ; to that of the ring-finger, the

fourth Dorsal and the second Palmar interosseous ; and to that of the little finger,

the third Palmar interosseous, the Flexor brevis minimi digiti, and Abductor
minimi digiti. To the second phalanges, the Flexor sublimis digitorum. Extensor

communis digitorum ; and, in addition, the Extensor indicis to the index finger,

the Extensor minimi digiti to the little finger. To the third phalanges, the Flexor

profundus digitorum and Extensor communis digitorum.

Development of the Bones of the Hand.

The Carpal hones are each developed by a single centre. At birth, they are all

cartilaginous. Ossification proceeds in the following order (fig, 96) : in the os

magnum and unciform an ossific point appears during the first year, the former
preceding the latter ; in the cuneiform, at the third year ; in the trapezium and
semilunar, at the fifth year, the former preceding the latter ; in the scaphoid, at

the sixth year ; in the trapezoid, during the eighth year ; and in the pisiform,

about the twelfth year.

The Metacarpal hones are each developed by iico centres : one for the shaft, and
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one for the digital extremitj^ 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. Ossification commences in the centre of the shaft

about the sixth week, and gradually proceeds to either end of the bone ; about

96.—Plan of the Development of the Hand.
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the third year the digital extremities of the four inner metacarpal bones, and the

base of the first metacarpal, commence to ossify, and they unite about the twentieth

year.

The Fhalanqes are each developed by hco centres : one for the shaft, and one

for the base. Ossification commences in the shaft., m all three ro\\s, at about the

sixth week, and graduall3' involves the whole of the bone excepting the upper

extremity. Ossification of the base commences in the first row between the third

and fourth years, and a year later in those of the second and third rows. The two

centres become united in each row, between the eighteenth and twentieth years.

Of thk Lowek Exteejiht.

Tlie Lower Extremity consists of three segments, the tJnc/li, leg, and foot, which

correspond to the arm, fm-earm, and hand in the upper extremity. It is connected

to the trunk through the os innomiuatum, or haunch, which is homologous with

the shoulder.

The Os Innominatum.

The Os Innominatum, or nameless bone, so called from bearing no resemblance

to any known object, is a large irregular-shaped bone, which, with its fellow of the
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opposite side, forms the sides and anterior wall of tlie pelvic cavity. In young

subjects it consists of three separate parts, which meet and form the large cup-

like cavity, situated near the middle of the outer side of the bone; and, although

97.—Right Os Innomiuatum. External Surface.

<b
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in the adult these have become united, it is usual to describe the bone as divisible

into three portions—the ilium, the ischium, and the pubes.

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 iscliium (1(t-)(Jlov, 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 pabes a large

aperture, the obturator foramen.

The puhes is that portion which runs horizontally inwards from the inner side
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of the acetabulum for about two inches, then makes a sudden bend, and descends

to the same extent : it forms the front of the pelvis, supports the external organs

of generation, and has received its name from being covered with hau\

The i7m«i presents for examination two surfaces, an external and an internal,

a crest, and two borders, an anterior and a posterior.

External Surface or Dorsum of the Ilium (fig. 97). The back part of this

surface is directed backwards, downwards, and outwards ; its front part forwards,

98.— Right Os Innominatum. Internal Sm-face.

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 surface is crossed

in an arched direction by three semicircular lines, the superior, middle, and inferior

curved lines. The superior curved line, the shortest of the three, commences at

the crest, about two inches in front of its posterior extremity ; it is at first dis-

tinctly marked, but as it passes downwards and outwards to the upper part of the

great sacro-sciatic notch, where it terminates, it becomes less marked, and is often



OS INNOMINATTJM. 115

altogether lost. The rough surface included between this line and the crest, affords

attachment to part of the Grlntens maximus above, and a few fibres of the Pyriformis

below. The middle curved line, the longest of the three, commences at the crest,

about an inch behind its anterior extremity, and, taking a curved direction down-
wards and backwards, terminates at the upper part of the great sacro-sciatic notch.

The space between the middle and superior curved lines 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 orifice of a nutrient foramen. The inferior

curved line, the least distinct of the three, commences in front at the upper part

of the anterior inferior spinous process, and, taking a curved direction backwards
and downwards, terminates at the anterior part 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 attach-

ment to the Gluteus minimus muscle. Beneath the inferior curved line, and cor-

responding to the tipper part of the acetabulum, is a smooth eminence (sometimes

a depression), to which is attached the reflected tendon of the Rectus femoris

muscle.

The Internal Surface (fig. 98) of the ilium is bounded above by the crest, below

by a prominent line, the linea ilio-pectinea, and before and behind by the anterior

and posterior borders. It presents anteriorly a large smooth concave surface,

called the internal iliac fossa, or venter of the ilium, which lodges the Iliacus muscle,

and presents at its lower part the orifice of a nutrient canal. Behind the iliac

fossa is a rough surface, divided into two portions, a superior and an inferior.

The inferior or auricular portion, so called from its resemblance in shape to the

ear, is coated with cartilage in the recent state, and articulates with a surface

of similar shape on the side of the sacrum. The superior portion is concave and
rough, for the attachment of the posterior sacro-iliac ligaments.

The crest of the ilium is convex in its general outline and sinuously curved,

being bent inwards anteriorly, outwards posteriorly. It is longer in the female

than in the male, very thick behind, and thinner at the centre than at the extre-

mities. It terminates at either end in a prominent eminence, the anterior superior

and posterior superior spinous process. The surface of the crest is broad, and
divided into an external lip, an internal lip, and an intermediate space. To the

external lip is attached the Tensor vaginas femoris, Obliquus extemus abdominis^

and Latissimus dorsi, and by its whole length the fascia lata ; to the interspace

between the lips, the Internal oblique ; to the internal lip, the TransversaHs,

Quadratus lumborum, and Erector spinse, also 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 process of the

ilium, the outer border of which gives attachment to the fascia lata, and the origin

of the Tensor vaginse femoris ; its inner border, to the Iliacus internus ; whilst its

extremity affords attachment to Poupart's ligament, and the origin of the Sartorius.

Beneath this eminence is a notch which 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 aceta-

bulum ; it gives attachment to the straight tendon of the Rectus femoris muscle.

On the inner side of the anterior inferior spinous process is a broad shallow groove,

over which passes the Iliacus muscle. 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 processes. The former corresponds

with that portion of the posterior surface of the ilium which serves for the attach-

ment of the oblique portion of the sacro-iliac ligaments and the Multifidus spinse
;

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 IscJdum forms the lower and back part of the os innominatum. It is

divisible into a thick and solid portion, the body ; the tuberosity, a large rough
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eminence, on wliioli the body rests in sitting ; and a thin ascending pai't, the

ramus.

The hody, somewhat triangular in form, presents three surfaces, external, in-

ternal, and posterior. The external surface corresponds to that portion of the

acetabulum formed by the ischium ; it is smooth and concave above, and forms a

little more than two-fifths of that cavity ; its outer margin is bounded by a pro-

minent rim or lip, 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 esternns muscle runs, as it passes outwards to be inserted into

the digital fossa of the femur. The internal surface is smooth, concave, and forms

the lateral boundary of the true pelvic cavity ;
it is broad above, and separated

from the venter of the ilium by the linea ilio-pectinea, narrow below ; its posterior

border is encroached upon, a little below its centre, by the spine of the ischium,

above and below which are the greater and lesser sacro-sciatic notches ; in front, it

presents a sharp margin, which forms the outer boundary of the obturator foramen.

This surface is perforated by two or three large vascular foramina, and affords

attachment to part of the Obturator internus muscle. The posterior surface is

quadrilateral in form, broad and smooth above, narrow below where it becomes

continuous with the tuberosity ; it is limited, in front, by the margin of the ace-

tabulum ; behind, by the fi-ont part of the great sacro-sciatic notch. This surface

supports the Pyriformis, the two Gemelli, and the Obturator internus muscles, in

their passage outwards to the great trochanter. The body of the ischium presents

three borders, posterior, inferior, and internal. The posterior border 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-sciatio, converted

into a foramen by the lesser sacro-sciatio ligament ; it transmits the Pyriformis

muscle, the gluteal vessels, and superior gluteal nerve passing out of the pelvis

above the muscle ; the sciatic vessels, the greater and lesser sciatic nerves, the in-

ternal pudic vessels and nerve, and a small nerve to the Obturator internus muscle

below it. Below the spine is a smaller notch, the lesser sacro-sciatic ; it is smooth,

coated in the recent state 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 inferior harder is thick and

broad; at its point of junction with the posterior is the tuberosity of the ischium.

The internal harder is thin, and forms the outer circumference of the obturator

foramen.

The tuherosify presents for examination an external lip, an internal lip, and an

intermediate space. The external lip gives attachment to the Quadratus femoris,

and part of the Adductor magnus muscles. The inner lip is bounded by a sharp

ridge, for the attachment of a falciform prolongation of the great sacro-sciatic liga-

ment ; it presents a groove on the inner side of this for the lodgment of the internal

pudic vessels and nerve; and, more anteriorly, has attached the Transversus perinsei

and Erector penis muscles. The intermediate surface presents four distinct

impressions. Two of these, seen at the front part of the tuberosity, are rough,

elongated, and separated from each other by a prominent ridge ; the outer one

gives attachment to the Adductor magnus, the inner one to the great sacro-sciatic

ligament. Two, situated at the back part, are smooth, larger in size, and separated

by an oblique ridge : from the upper and outer arises the Semi-membranosus
;

from the lower and inner, the Biceps and Semi-tendinosus. The uppermost part

of the tuberosity gives attachment to the Gemellus inferior.

The ramus, or ascending raimis, is the thin flattened part of the ischium, which

ascends from the tuberosity upwards and inwards, and joins the ramus of the pubes
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—their point of junction being indicated in tlie adult by a rough eminence. The
outer surface of the ramus is rough, for the attachment of the Obturator externus

muscle, also some fibres of the Adductor magnus, and of the Gracilis ; its inner

surface forms part of the anterior wall of the pelvis. Its inner border is thick,

rough, slightly everted, forms part of the outlet of the pelvis, and serves for the

attachment of the crus penis. Its outer border is thin and sharp, and forms part

of the inner margin of the obturator foramen.

The Pubes forms the anterior part of the os innominatum ; it is divisible into a

horizontal ramus or body, and a perpendicular ramus.

The body, or horizontal ramus, presents for examination two extremities, an outer

and an inner, and four surfaces. The outer extremity, the thickest part of the

bone, forms one-fifth of the cavity of the acetabulum ; it presents, above, a rough

eminence, the ilio-pectineal, which serves to indicate the point of junction of the

ihum and pubes. The imier extremity 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 the connecting

fibro-cartilage, placed between it and the opposite bone. The upper surface,

triangular in form, wider externally' than internally, is bounded behind by a sharp

ridge, the pectineal line ; or linea ilio-pectinea, which, running outwards, marks the

brim of the true pelvis. The surface of bone in front of the pubic portion of the

linea ilio-pectinea, serves for the attachment of the Pectineus muscle. This ridge

terminates internally at a tubercle, which projects forwards, and is called the spine

of the pubes. The portion of bone included between the spine and ianer extre-

mity of the pubes is called the crest ; it serves for the attachment of the Rectus,

Pyramidalis, and conjoined tendon of the Internal oblique and Transversalis. The
23oint of junction of the crest with the symphysis is called the angle of the puhes.

The inferior surface presents, externally, a broad and deep oblique groove, for the

passage of the obturator vessels and nerve ; and, internally, a sharp margin, which
forms part of the circumference of the obturator foramen. Its external surface, flat

and compressed, serves for the attachment of muscles. Its internal surface, convex
from above downwards, concave from side to side, is smooth, and forms part of the

anterior wall of the pelvis.

The descending ramus of the pnbes passes outwards and downwards, becoming
thinner and narrower as it descends, and joins with the ramus of the ischium. Its

external surface is rough, for the attachment of muscles ; the Adductor longus

above, the Adductor brevis below ; the Gracilis along its inner border, the Com-
pressor urethrse towards its internal aspect ; and a portion of the Obturator externus

where it enters into the formation of the foramen of that name. Its inner surface

is smooth. Its inner border is thick, rough, and everted, especially in females. In
the male it serves for the attachment of the crus penis. Its outer border forms part

of the circumference of the obturator foramen.
The cotyloid cavity, or acetabulum, is a deep, cup-shaped, hemispherical de-

pression ; formed, internally, by the pnbes, above by the ilium, behind and below
by the ischium ; a little less than two-fifths being formed by the iKum, a little

more than two-fifths by the ischium, and the remaining fifth by the pubes. It is

bounded by a prominent uneven rim, which is thick and strong above, and serves
for the attachment of a fibre- 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 transmits the nutrient vessels into the interior of the

joint, and is continuous with a circular depression at the bottom of the cavity

:

this depression is perforated by numerous apertures, lodges a mass of fat, and its

margins serve for the attachment of the ligamentum teres. The notch is converted,

in the natural state, into a foramen by a dense ligamentous band which passes
across it. Through this foramen the nutrient vessels and nerves enter the joint.

The oMurator or thyroid foramen is a large aperture, situated between the
ischium and pubes. In the male it is large, of an oval form, its longest diameter
being obliquely from above downwards ; in the female it is smaller, and more tri-
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angular. It is bounded by a thin uneven margin, to which a strong membrane is

attached ; and presents, at its npper and outer part, a deep groove, which runs

from the pelvis obliquely forwards, inwards, and downwards. This groove is con-

verted into a foramen by the obturator membrane, and transmits the obtnrator

vessels and nerve.

Structure. This bone consists of much cancellous tissue, especially where it is

thick, enclosed between two layers of dense compact tissue. In the thinner parts

99.—Plan of the Development of the Os Innorainatum.
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of the bone, as at the bottom of the acetabulum and centre of the iliac fossa, it is

usually semi-transparent, and composed entirely of compact tissue.

Develojiment (tig. 99). By eight centres : three primary—one for the ilium, one

for the ischium, and one for the pubes ; and five secondary—one for the crest of the

ilium its whole length, 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 male), and one

for the T-shaped piece at the bottom of the acetabulum. These various centres

appear in the following order : First, in the Uium, at the lower part of the bone,

immediately above the sciatic notch, at about the same period that the develop-

ment of the vertebrse commences. Secondly, in the body of the ischium, at about

the third month of fcetal life. Thirdly, in the body of the pubes, between the fourth

and fifth months. 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 sixth year, the rami of the pubes 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 acetabu-

lum, being separated from each other by a T-shaped portion of cartilage, which

now presents traces of ossification. The ilium and ischium then become joined,

and lastly the pubes, through the intervention of this T-shaped portion. At about
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the age of puberty, ossification 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. Ilium. To the outer lip of the crest, the Tensor vaginas

femoris, Obliquus externus abdominis, and Latissimus dorsi ; to the internal lip,

the Transversalis, Quadratns lumborum, and Erector spinte ; 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 Rectus,

portion of Pyriformis ; to the internal surface, the Iliacus, and the- Multifidus

spines to the internal surface of the posterior superior spine ; to the anterior border,

the Sartorius and straight tendon of the Rectus. Iscliium. To its outer surface,

the Obturator externus ; internal surface. Obturator internus and Levator ani.

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 perinsei. Erector penis. To the

pubes, the Obliquus externus, Obliquus internus, Transversalis, Rectus, Pyramida-

lis, Psoas parvus, Pectineus, Adductor longus, Adductor brevis. Gracilis, Obtu-

rator externus and internus. Levator ani. Compressor urethrEe, and occasionally a

few fibres of the Accelerator ui-inse.

The Pelvis (figs. 100, loi).

The Pelvis, so called from its resemblance to a basin, 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.

The pelvis is divided by a prominent line, the linea ilio-pectinea, into the false

and true pelvis.

The false pelvis is all that expanded portion of the pelvic cavity which is

situated above the linea ilio-pectinea. It 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 abdomen ; behind, in the middle line, is a deep notch. This broad shallow

cavity is fitted to support the intestines, and to transmit part of their weight to

the anterior wall of the abdomen.

The true pelvis is all that part of the pelvic cavity which is situated beneath

the linea ilio-pectinea. It is smaller than the false pelvis, but its walls are more
perfect. For convenience of description, it is divided into a superior circum-

ference or inlet, an inferior circumference or outlet, and a cavity.

The superior circumference forms the margin or brim of the pelvis, the included

space being called the inlet. It is formed by the linea ilio-pectinea, completed in

front by the spine and crest of the pubes, 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 of the sacrum. It has three principal diameters : antero-

posterior (sacro-pubic), transverse, and oblique. The antero-posterior extends

from the sacro-vertebral angle to the symphysis pubis ; its average measurement
is four inches. 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 five inches. The oblique extends from the margin of the

pelvis, corresponding to the ilio-pectineal eminence on one side, to the sacro-iliac

symphysis on the opposite side ; its average measurement is also five inches.

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

above and below, contracts the inlet and outlet of the canal ; and laterally it is
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bounded by a broad, smootb,.quadrangular plate of bone, corresponding to the

inner surface of the body of the ischium. The cavity is shallow in front, mea-
suring 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

100.—Male Pelvis (Adult).

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

cori'esponds to the curve of the sacro-coccygeal column ; the bladder in front,
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beliind the symjohysis pubis. In the female, the uterus and vagina occupy the

interval between these parts.

The loiver 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

isohia. These eminences are separated by three notches : one in front, the pubio

arch, formed by the convergence of the rami of the ischia and pubes on each side.

The other notches, one on each side, are formed by the sacrum and coccyx behind,

the ischium in front, and the ilium above : they are called the sacro-sciatic notches
;

in the natural state they are converted into foramina by the lesser and greater

sacro-sciatic ligaments.

The diameters of the outlet of the pelvis are two, antero-posterior and trans-

verse. The antero-posterior extends from the tip of the coccyx to the lower part

of the symphysis pubis, and the transverse from the iDosterior part of one ischiatic

tuberosity to the same point on the opjDOsite side : the average measurement of

both is four inches. The antero-posterior diameter varies with the length of the

coccyx, and is capable of increase
I02.—Vertical Section of the Pelvis, with lines qj. diminution, on account of the

indicating the Axes of the Pelvis.
mobility of that bone.

Position of the Pelvis. In the

erect posture, the pelvis is placed

obliquely with regard to the trunk
of the body : the pelvic surface of

the symphysis pubis looking up-

wards and backwards, the con-

cavity of the sacrum and coccyx

looking 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 above its lower border.

The obliquity is much greater in

the fcetus, and at an early period of

life, than in the adult.

Axes of the Pelvis (fig. 102). 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 syrajDhysis 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 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 the inlet and outlet. A
knowledge of the direction of these axes serves to esislain the course of the fcetus

in its passage through the pelvis during parturition. It is also important to the

surgeon, as indicating the direction of the force required in the removal of calculi

fror.i the bladder, and as determining the direction in which instruments should be
used in operations upon the pelvic viscera.

Differences between the Male and Female Pelvis. In the male the bones are

thicker and stronger, and the muscular eminences and impressions on their

surfaces more strongly marked. The male pelvis is altogether more mas-
sive ; its cavity is deeper and narrower, and the obturator foramina of larger size.

In the female the bones are lighter and more expanded, the muscular impres-

sions on their surfaces are only slightly marked, and the pelvis generally is less

fli^
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massive in structure. The iliac fossae are broad, and tlie spines of the ilia

widely separated ; hence the great prominence of the hips. The inlet and the

outlet are larger ; the cavity is more capacious, and the spines of the ischia project

less into it. The promontory is less projecting, the sacrum wider and less

curved,* and the coccyx more movable. The arch of the pubes is wider, and its

edges ^more everted. The tuberosities of the ischia and the acetabala are wider

apart.

In the fcetus and for several years after birth, the pelvis is small in proportion

to that of the adult. The cavity is deep, and the projection of the sacro-vertebral

angle less marked. The antero-posterior and transverse diameters are nearly

equal. Ahoui puberty, the pelvis in both sexes presents the general characters of

the adult male pelvis, but after puberty it acquires its proper sexual characters.

The Fbmdr oe Thigh-Bone.

The Femur is the longest, largest, and strongest bone in the skeleton, and almost

perfectly cylindrical in the greater part of its extent. In the erect posture it is

not vertical, being separated from its fellow above by a considerable interval, which
corresponds to the entire 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 body. The degree of this

inclination varies in different persons, and is greater in the female than in 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.

The Upper Extremity presents for examination a head, a neck, and the greater

and lesser trochanters.

The head, which is globular, and forms rather more than a hemisphere, is di-

rected 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, and presents, a little behind and below its centre, 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 under difierent circumstances. Before

puberty it is directed obliquely, so as to form a gentle curve from the axis of the

shaft. In the adult male it forms an obtuse angle with the shaft, being directed

upwards, inwards, and a little forwards. In the female it approaches more nearly

a right angle. Occasionally, in very old subjects, and more especially in those

greatly debilitated, its direction becomes horizontal ; so that the head sinks below

the level of the trochanter, and its length diminishes to such a degree, that the

head becomes almost contiguous with the shaft. 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 is attached to the head.

It is much broader in the vertical than in the antero-posterior diameter, and much
thicker below than above, on account of the greater amount of resistance required

in sustaining the weight of the trunk. The anterior surface of the neck is per-

forated by numerous vascular foramina. The posterior surface is smooth, and is

broader and more concave than the anterior ; it receives towards its outer side

the attachment of the capsular ligament of the hip. The superior border is short

and thick, bounded externally by the great trochanter, and its surface perforated

by large foramina. The inferior border, long and narrow, curves a little backwards,

to terminate at the lesser trochanter.

The Trochanters (jpo)(aiii, 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 greater and the lesser.

The Great TrocJianter is a large irregular quadrilateral eminence, situated

* It is not imusual, however, to find the sacrum in the female presenting a considerable

curve extending throughout its whole length.
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103.—Rip-ht Femur. Anterior Surface,
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at the outer side of the

neck, at its junction with the

tipper part of the shaft. It is

< f" directed a little outwards and
backwards, and, in the adult,

is about thi-ee-quarters 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 be-

hind the diagonal line is a smooth tri-

angular surface over which the tendon of

the Gluteus maximus muscle plays, a

bursa being interposed. The internal sur-

face is of much less extent than the

externa], and presents at its base a deep

depression, the digital or trochanteric

fossa, for the attachment of the tendon of

the Obturator externus muscle. The
superior border is free ; it is thick and
irregular, and marked by impressions for

the attachment of the Pyriformis behind,

the Obturator internus and Gemelli in

front. The inferior border corresponds to

the point of junction of the base of the

trochanter with the outer surface of the

shaft ; it is rough, prominent, slightly

curved, and gives attachment to the

upper part of the Vastus externus muscle.

The anterior border is prominent, some-

what irregular, as well as the surface of

bone immediately below it ; it affords

attachment by its outer part to the

Gluteus minimus. 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 lower

border of the neck ; the external with the

posterior intertrochanteric line, while the
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inferior border is continuous witli the middle division of the linea aspera. Its sum-

mit, which is directed inwards and backwards, is rough, and gives insertion to the

tendon of the Psoas magnus. The Iliacus is inserted into 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 janotion with the great trochanter, is called the iubercle of

the femur ; it is the point of meeting of five muscles, the Gluteus minimus exter-

nally, 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 promi-

nent, and gives attachment to the upper part of the Vastus internus. The posterior

intertrochanteric line is very prominent, and runs from the summit of the great

trochanter downwards and inwards to the upper and back part of the lesser tro-

chanter. Its upper half forms the posterior border of the great trochanter. A
well-marked eminence commences about the middle of the posterior intertro-

chanteric line, and passes vertically downwards for about two inches along the back

part of the shaft : it is called the linea qiiadrati, and gives attachment to the Qua-

dratus femoris, and a few fibres of the Adductor magnus muscles.

The Shaft, almost perfectly cylindrical in form, is a little broader above than in

the centre, and somewhat flattened from before backwards below. It is slightly

arched, so as to be convex in front ; concave behind, where it is strengthened by

a prominent longitudinal ridge, the linea aspera. It presents for examination

three borders separating three surfaces. Of the three borders, one, the linea

aspera, is posterior ; the other two are placed laterally.

The linea aspera (fig. 104) is a prominent longitudinal ridge or crest, presenting,

on the middle third of the bone, an external lip, an internal lip, and a rough inter-

mediate space. A little above the centre of the shaft, this crest divides into three

lines :* the most external one becomes very rough, and is continued almost ver-

tically upwards to the base of the great trochanter ; the middle one, the least dis-

tinct, is continued to the base of the trochanter minor; and the internal one is

lost above in the spiral line of the femur. Below, the linea aspera divides into

two bifurcations, which enclose between them a triangular space (the popliteal

space), upon which rests the popliteal artery. Of these two bifarcations, the

outer branch is the more prominent, and descends to the summit of the outer

condyle. The inner branch is less marked, presents a broad and shallow groove

for the passage of the femoral artery, and terminates in a small tubercle at the

summit of the internal condyle.

To the inner lip of the linea aspera, along its whole length, is attached the

Vastus internus ; and to the whole length of the outer lip, the Vastus externus.

The Adductor magnus is also attached to the whole length of the linea aspera, being

connected with the outer lip above, and the inner lip 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 below. Between the Adductor
magnus and the Vastus internus four muscles are attached : the Iliacus and
Pectineus above (the latter to the middle of the upper divisions) ; below

these, the Adductor brevis and Adductor longns. The linea aspera is per-

forated 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

extremity of the external condyle ; the inner one from the spiral line, at a point

* Of these three lines, onlj' the outer and imier are described by mauy anatomists : the

linea aspera is then said to bifurcate above and below.
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104.—Right Femur. Posterior Surface.
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opposite the troclianter minor, to the

anterior extremity of the internal con-

dyle. The internal border marks the

limit of attachment of the Crnreus muscle

internally.

The anterior surface includes that por-

tion 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 three-

fourths of this surface the Crnreus is

attached ; the lower fourth is separated

from the muscle by the intervention of

the synovial membrane of the knee-joint,

and affords attachment to the Subcrureus

to a small extent. The external surface

includes the portion of bone between the

external border and the outer lip of the

linea aspera ; it is continuous above with

the outer surface of the great trochanter
;

below with the outer surface of the ex-

ternal condyle : to its upper three-fourths

is 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 border of the neck ; below,

with the inner side of the internal con-

dyle : it is covered by the Vastus internus

muscle.

The Lower Hxtremity, larger than the

upper, is of a cuboid form, flattened from

before backwards, and divided into two
large eminences, the condyles (covSuXoc,

a knuclcle'), by an interval which presents

a smooth depression in front called the

trochlea, and a notch of considerable

size behind— the intercondyloid notch.

The external condyle is the more pro-

minent anteriorly, and is the broader

both in the antero-posterior and trans-

verse diameters. The internal condyle

is the narrower, longer, and more pro-

minent internally. This difference in

the length of the two con-

dyles is only observed when
the bone is perpendicular,

.Aromefn-tenioT,. and depends upon the obli-

popLiTEus quity of the thigh-bones, in

consequence of their separa-

tion above at the articulation

with the pelvis. If the femur

is held obliquely, the surfaces
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of tlie two condyles will be seen to be nearly horizontal. The two condyles are

directly continuous in front, and form a smootli trocblear surface, tlie external

border of whicli is more prominent, and ascends higher than the internal one.

This surface articulates with the patella. It presents a median groove, which ex-

tends downwards and backwards to the intercondyloid notch ; and two lateral con-

vexities, of which the external is the broader, more prominent, and prolonged

farther upwards upon the front of the outer condyle. The intercondyloid notch

lodges the crucial ligaments ; it is bounded laterally by the opposed surfaces of

the two condyles, and in front by the lower end of the shaft.

Outer Condyle. The older 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 ligament 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 depression is for the tendon

of origin of the Popliteus muscle ; the groove in which this tendon is contained, 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 attach-

ment, 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: jast above the articular surface is a depression

for the tendon of the outer head of the Grastrocnemius, above which is the origin of

the Plantaris.

Inner Gondyle. The inner surface of the inner condyle presents a convex emi-

nence, the inner tuberosity, rough, for the attachment of the internal lateral liga-

ment. Above this tuberosity, at the termination of the inner bifurcation of the

linea aspera, is a tubercle, for the insertion of the tendon of the Adductor magnus
;

and behind and beneath the tubercle a depression for the tendon of the inner head

of the Gastrocnemius. 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 ligament. Its inferior or ai'ticular surface is convex, and

presents a less extensive surface than the external condyle.

Structure. The shaft of the femur is a cylinder 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,

owing to a separation of the layers of the bone into cancelli, which project into the

medullary canal and finally obliterate it, so that the upper and lower ends of the

shaft, and the articular extremities more especially, consist of cancellated tissue,

invested by a thin compact layer.

The arrangement of the cancelli in the 105.—Diagram showing- the Structure of

ends of the femur is remarkable. In the the Neck of the Femur. (Ward.)

upper end (fig. 105), they run in parallel

columns a, a from the summit of the head

to the thick under wall of the neck,

while a series of transverse fibres 6 h

cross the parallel columns, and connect

them to the thin upper wall of the neck.

Another series of plates c c springs from

the whole interior of the cylinder above

the lesser trochanter ; these pass upwards

and converge to form a series of arches

beneath the upper wall of the neck, near

its junction with the great trochanter.

This structure is admirably adapted to

sustain, with the greatest mechanical

advantage, concussion or weight trans-
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mitted from above, and serves an important office in strengthening a part

especially liable to fracture.

In the lov^er end, tbe cancelli spring on all sides from the inner surface of the

cylinder, and descend in a perpendicniar direction to the articular surface, the

cancelli being strongest and having a more accurately perpendicular course above

the condyles.

Articulations. With three bones : the os innominatum, tibia, and patella.

Development (fig. 106). The

106.- -Plan of the Development of the Femur.
By Five Centres.

Appears at i^,jT

fthtiftalo,alS'}yr.^ '",<^ii^Jii'^Shaft alout tS'}y'

^ JoinsSliapabuitiali ijV

femur is developed by jive centres :

one for the shaft, one for each ex-

tremity, and one for each trochanter.

Of aU the long bones, except the

clavicle, it is the first to show traces

of ossification ; this commences in

the shaft, at about the fifth week
of foetal life, the centres of ossifica-

tion in the epiphyses appearing in

the following order : First, in the

lower end of the bone, at the ninth

month of fcetal life ; 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 four-

teenth. The order in which the

epiphyses are joined to the shaft, is

the reverse of that of their appear-

ance ; their junction does not com-

mence until after puberty, the lesser

trochanter being first joined, then

the greater, then the head, and,

lastly, the inferior extremity (the

first in which ossification com-

menced), which is not united until

the twentieth year.

Attachment of Muscles. To the great trochanter : the Gluteus medius, Gluteus

minimus, Pyriformis, Obturator internus, Obturator extemus, GemeUns superior,

Gemellus inferior, and Quadratus femoris. To the lesser trochanter : the Psoas

magnus, and the Iliacus below it. To the shaft, its posterior surface : the Vastus

extemus, Gluteus maximus, short head of the Biceps, Vastus internus. Adductor

magnus, Pectineus, Adductor brevis, and Adductor longus
;
to its anterior surface :

the Crureus and Snbcrureus. To the condyles: the Gastrocnemius, Plantaris,

and Popliteus.

THE LEG.

The skeleton of the Leg consists of three bones : the Patella, a large sesamoid

bone, placed in front of the knee ; and the Tibia, and Fibula.

(fcatal)^

' SJmftat'iO'r.

.£0. //£"'" ''J

The Patella. (Figs. 107, 108.)

The Patella is a flat, triangular bone, situated at the anterior part of the knee-

joint. It resembles the sesamoid bones, from being developed in the tendon of the

Quadriceps extensor, and in its structure, being composed throughout of dense

cancellous tissue ; but it is generally regarded as analogous to the olecranon

process of the ulna, which occasionally exists as a separate piece, connected to the
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107.—Right Patella.

Anterior Surface.

loS.—Posterior Surface.

shaft of tlie bone by a continuation of tlie tendon of tlie Triceps muscle.* It

serves to protect the front of the joint, and increases the leverage of the Quadriceps

extensor by making it act at a greater angle. It presents an anterior and posterior

surface, three borders, a base, and an apex.

The anterior surface is convex, perforated by small apertures, for the passage

of nutrient vessels, and marked by numerous rough

longitudinal strise. This surface is covered, in the

recent state, by an expansion from the tendon of the

Quadriceps extensor, and separated from the integument

by a bursa. It gives attachment below to the liga-

mentum patellse. The posterior surface presents a

smooth, oval-shaped, articular surface, covered with

cartilage in the recent state, and divided into two facets

by a vertical ridge, which descends from the superior

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 serves to indicate the side to which the

bone belongs. Below the articular surface is a rough,

convex, non-articular depression, the lower half of which

gives attachment to the ligamentum patellaa ; the upper

half being separated from the head of the tibia by adipose

tissue.

The superior and lateral horders give attachment

to the tendon of the Quadriceps extensor ; the superior

border, to that portion of the tendon which is derived

from the Rectus and Crureus muscles ; and the lateral

horders, to the portion derived from the external and

internal Vasti muscles.

The base, or superior border, is thick, directed upwards, and cut obliquely at the

expense of its outer surface
;

it receives the attachment, as already mentioned, of

part of the Quadriceps extensor tendon.

The apex is pointed, and gives attachment to the ligamentum patellae.

Structure. It consists of dense cancellous tissue, covered by a thin compact
lamina.

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 deve-

loped by two centres, placed side by side.

Articulations. With the two condyles of the femur.

Attachment of Muscles. The Rectus, Crureus, Vastus internus, and Vastus

externus. These muscles joined at their insertion constitate the Quadriceps

extensor cruris.

The Tibia. (Figs. 109, no.)

The Tibia is situated at the front and inner side of the leg, and, excepting the

femur, is the longest and largest bone in the skeleton. It is prismoid in form

,

expanded above, where it enters into the knee-joint, more slightly enlarged below.

In the male, its direction is vertical, and parallel with the bone of the opposite

side ; but in the female it has a slight oblique direction downwards and outwai'ds,

* Professor Owen states, that, ' in certain hats, there is a development of a sesamoid bone
in the biceps hrachii, which is the true homotype of the patella in the leg,' regarding the
olecranon as homologous, not with the patella, but with an extension of the upper end of
the iihula above the knee-joint, which is met with in some animals. (On the Nature of
Limbs, pp. 19, 24.)
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109.—Bones of the Riglit Leg-. Anlerioi- Surf
to compensate for the oblique

direction of tlie femur inwards.

It presents for examination a

shaft and two extremities.

The Upper UjxtTemittj, or head,

is large and expanded on each

side into two lateral eminences,

the tuberosities. Superiorly, the

tuberosities present two smooth
concave surfaces, which articulate

with the condyles of the femur
;

the internal articular surface is

longer than the external, and
oval from before backwards,

to articulate with the internal

condyle; the external one

being broader, ilatter, and
more circular, to articulate

with the external condyle.

Between the two articular sur-

faces, and nearer the posterior

than the anterior aspect of the

bone, is an eminence, the spinous

process of the tibia, surmounted

by a prominent tubercle on each

side, which gives attachment to

the extremities of the semilunar

fibro-cartilages ; in front and

behind the spinous process is a

rough depression for the attach-

ment of the anterior and pos-

terior crucial ligaments and the

semilunar cartilages. The an-

terior surfaces of the tuberosities

are continuous with one another,

forming a single large surface,

which is somewhat flattened : it

is triangular, broad above, and

perforated by large vascular

foramina, narrow below, where

it terminates in a prominent

oblong elevation of large size,

the tubercle of the tibia; the

lower half of this tubercle is

rough, for the attachment of the

ligamentum patellse ; the upper

half is a smooth facet corre-

sponding, in the recent state,

with a bursa which separates

the ligament from the bone.

Posteriorly, the tuberosities are

separated from each other by a

shallow depression, the popliteal

notch, which gives attachment

to the posterior crucial ligament.

The posterior surface of the

inner tuberosity presents a deep
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transverse groove, for the inser-

tion of the tendon of the Semi-

membranosus ;. and the posterior

surface of the outer one, a flat

articular facet, nearly circular in

form, directed downwards, back-

wards, and outwards, for arti-

culation with the fibula. The

lateral surfaces are convex and

rough : the internal one, the

most prominent, gives attach-

ment to the internal lateral liga-

ment.

The Shaft of the tibia is of a

triangular prismoid form, broad

above, gradually decreasing in

size to the commencement of its

lower fourth, its most slender

part where fracture most fre-

quently occurs ; it then enlarges

again towards its lower extre-

mity. It presents for examina-

tion three surfaces and three

borders.

The anterior border, the most

prominent of the three, is called

the crest of the tibia, or, in

popular language, the shin ; it

commences above at the tubercle,

and terminates below at the

anterior margin of the inner

malleolus. This border is very

prominent in the upper two-

thirds of its extent, smooth and
rounded below. It presents a

very flexuous course, being

curved outwards above, and in-

wards 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 ; it commences at the

hack part of the inner tuberosity,

and terminates at the posterior

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 Flexor longus

digitoram muscles.

The external border, or inter-

osseous ridge, is thin and pro-

minent, especially its central

1 10.—Bones of the Right Let'. Posterior Surface

.

•Styloidjttooesa
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part, and gives attachment to tlie interosseous membrane ; it commences above

in front of the fibular articnlar 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 third, directed foiwards and inwards, is covered by the aponeurosis derived

from the tendon of the Sartorius, and by the tendons of the Gracilis and Semi-
tendinosus, 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 present

a shallow groove for the attachment of the Tibialis anticus muscle ; its lower third

is smooth, convex, curves gradually forwards to the anterior part of the bone, and
is covered from within outwards by the tendons of the following muscles : Tibialis

anticus. Extensor proprius poUicis, Extensor longus digitorum, Peroneus fortius.

The po«fen'or surface (fig. no) presents, at its upper part, a prominent ridge,

the oblique line of the tibia, which extends from the back part of the articular facet

for the fibula, obliquely downwards, to the internal border, at the junction of its

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, Plexor 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 third of the posterior surface is divided by a

vertical ridge into two lateral halves : the ridge is well marked at its commence-
ment at the oblique line, 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 is

covered by the Tibialis posticus. Plexor longus digitorum, and Plexor longus

pollicis muscles. Immediately below the oblique line is the medullary foramen,

which is directed obliquely downwards.
The Lower JExtremity, 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 oi the bone is quadrilateral, and smooth, for articu-

lation with the astragalus. This surface is narrow internally, where it becomes

continuous with the articular surface of the inner malleolus, broader externally,

and traversed from before backwards by a slight elevation, separating two lateral

depressions. The atderior 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 with a similar groove on
the posterior extremity of the astragalus, and serving for the passage of the tendon

of the Plexor longus pollicis : the external surface presents a triangular rough
depression for the attachment of the inferior interosseous ligament connecting it

with tlie fibula ; the lower part of this depression is smooth in some bones, covered

with cartilage in the recent state, and articulating with the fibula. This surface

is bounded by two prominent ridges, continuous above with the interosseous ridge

:

they afford attachment to the anterior and posterior 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, smooth and
slightly concave, deepens the articular surface for the astragalus ; its anterior

harder is rough, for the attachment of ligamentous fibres ; its posterior border

presents a broad and deep groove, directed obliquely downwards and inwards,

which is occasionally double : this groove transmits the tendons of the Tibialis

posticus and Plexor longus digitorum muscles. The summit of the internal mal-

leolus is marked by a rough depression behind, for the attachment of the internal

lateral ligament of the ankle-joint.
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Structure. Like that of the other long bones.

Development. By tJwee centres (fig. iii) : one for the shaft, and one for each

extremity. Ossification commences in the centre of the shaft about the same time

as in the femur, the fifth week, and

gradually extends towards either ex-

tremity. The centre for the upper

-Plau of the Development of the Tibia.

By Three Centres.

Apfie,

epiphysis appears at birth ; it is flat- ..nver extremis.

tened in form, and has a thin tongue-

shaped process in front, which forms

the tubercle. That for the lower

epiphysis appears in the second year.

The lower epiphysis joins the shaft

at about the twentieth year, and the

upper one about the twenty-fifth

year. Two additional centres occa-

sionally exist, one for the tongue-

shaped process of the upper epiphysis,

the tubercle, and one for the inner

malleolus.

Articulations. With three bones :

the femur, fibula, and astragalus.

Attachment of Muscles. To the

inner tuberosity, the Semimembra-

nosus : to the outer tuberosity, the

Tibialis anticus and Extensor longus

digitornm : to the shaft, its internal

surface,' the Sartorius, Gracilis, and

Semitendinosus ; to its external sur-

face, the Tibialis anticus ; to its poste-

rior surface, the Poplitens, Soleus, Flexor longus digitorum, and Tibialis posticus
;

to the tubercle, the ligamentum patellas.

A^jiea.rs at 5-^y^

'o'lJ.-er ext ri'ini-'-^J

The Fibula. (Pigs. 109, no.)

The Fibula is situated at the outer side of the leg. It is the smaller of the

tvso bones, and, in proportion to its length, the most slender of all the long bones
;

it is placed nearly parallel with the tibia. Its upper extremity is small, placed

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 outer ankle. It presents for

examination a shaft and two extremities.

The Upper Extremity, or Head, is of an irregular rounded form, presenting

above a flattened articular facet, directed upwards 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 process, 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 ligament. Tha remaining part of the circumference of the head

is rough, for the attachment of the anterior superior tibio-fibular ligament, and
the upper and anterior part of the Peroneus longus in front ; and of the posterior

superior tibio-fibular ligament, and the upper fibres of the outer head of the Soleus

muscle behind.

The Lower jExtremity, or external malleolus, is of a pyramidal form, somewhat
flattened from without inwards, and is longer, and descends lower, than the internal

malleolus. Its external surface is convex, subcutaneous, and continuous with a

triangular (also subcutaneous) surface on the outer side of the shaft. The internal
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surface presents in front a smooth triangnlar facet, broader above than below, and
convex: from above downwards, which articulates with a corresponding surface on
the outer side of the astragalus. Beliind and beneath the articular surface is a
rough depression, which gives attachment to the posterior fasciculus of the external

lateral ligament of the ankle. The anterior border is thick and rough, and marked
below by a depression for the attachment of the anterior fasciculus of the external

lateral ligament. The posterior harder is broad and mai'ked by a 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 external

lateral ligament.

The Shaft presents three surfaces and three borders. The anterior border com-
mences above in front of the head, runs vertically downwards to a little below the

middle of the bone, and then, curving a little outwards, bifurcates below. The two
lines so formed bound the triangular subcutaneous surface immediately above the
outer side of the external malleolus. This border gives attachment to an inter-

muscular septum, which separates the muscles on the anterior surface from those

on the external.

The 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 in 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, and separates the

extensor muscles in front from the flexor muscles behind. The portion of bone
included between the anterior and interosseous lines forms the anterior surface.

The posterior border is sharp and prominent ; it commences above at the base of

the styloid process, and terminates below in the posterior border of the outer malleo-

lus. It is directed outwards above, backwards in the middle of its course, back-

wards and a little inwards below, and gives attachment to an aponeurosis which

separates the muscles on the outer from those on the inner surface of the shaft.

The portion of bone included between this line and the interosseous ridge, and

which includes more than half of the whole circumference of the fibula, is known as

the internal surface. Its upper three-fourths are subdivided into two parts, an an-

terior and a posterior, by avery prominent ridge, the oblique line of the fibula, which

commences above at the inner side of the head, and terminates by becoming con-

tinuous with the interosseous ridge at the lower fourth of the bone. The oblique

line attaches an aponeurosis which separates the Tibialis posticus from the Soleus

above, and the Flexor longus pollicis below. This line sometimes ceases just before

approaching the interosseous ridge.

The OMterior surface is the interval between the anterior and interosseous borders.

It is extremely narrow and flat 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 pollicis.

The external surface, much broader than the preceding, and often deeply

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

malleolus. This surface is completely occupied by the Peroneus longus and brevis

muscles.

The internal surface is the interval between the interosseous ridge and the

posterior border, and occupies nearly two-thirds of the circumference of the bone.

Its upper three-fourths are divided into an anterior and a posterior portion by a

very prominent ridge already mentioned, the oblique line of the fibula. The

anterior portion is directed inwards, and is grooved for the attachment of the

Tibialis posticus muscle. The posterior portion is continuous below with the

rough triangular surface above the articular facet of the outer malleolus ; it is

directed backwards above, backwards and inwards at its middle, directly inwards
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112.—Plan of tlie Development of

the Fibula. By Three Centres.

43"" itboutlfBij&C

below. Its Tipper third is rotigh, for the attachment of the Soleus muscle ; its

lower part presents a triangular rough surface, connected to the tibia by a strong

interosseous ligament, and between these two points the entire surface is covered

by the fibres of origin of the Flexor longus pollicis muscle. At about the middle

of this surface is the nutrient foramen, which is directed downwards.

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, to-

wards the holder : the triangular subcutaneous

surface will then be directed to the side to

which the bone belongs.

Articulations. With two bones : the tibia and

astragalus.

Development. By tJiree centres (fig. 112) :

one for the shaft, and one for each extremity.

Ossification commences in the shaft about the

sixth week of foetal life, a little later than in

the tibia, and extends gradually towards the ex-

tremities. At birth both ends are cartilaginous.

Ossification commences in 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 first, contrary to the law which

appears to prevail with regard to the junction

of epiphyses with diaphyses : this takes place

about the twentieth year; the upper epiphysis

is joined about the twenty-fifth year.*

Attachment of Muscles. To the head, the

Biceps, Soleus, and Peroneus longus: to the

shaft, its anterior surface, the Extensor longus

digitorum, Peroneiis tertius, and Extensor

proprius pollicis ; to the internal surface, the

Soleus, Tibialis posticus, and Flexor longus pollicis : to the external surface, the

Peroneus longus and brevis.

Ap//m rstifZ Vfii^\

THE FOOT. (Figs. 113, 114.)

The skeleton of the Foot consists of three divisions : the Tarsus, Metatarsus,

and Phalanges.

The Taesus.

The bones of the Tarsus are seven in number : viz., the calcaneum, or os ealcis,

astragalus, cuboid, scaphoid, internal, middle, and external cuneiform bones.

The Calcaneum.

The Calcaneum, or Os Calais, is the largest and strongest of the tarsal bones.

It is irregularly ouboidal in form, and 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

lever for the muscles of the calt It presents for examination six surfaces : supe-

rior, inferior, external, internal, anterior, and posterior.

The saperiai- surface is formed behind, of the upper aspect of that part of

the OS ealcis which projects backwards to form the heel. It varies in length

in difierent individuals ; is convex from side to side, concave from before back-

wards, and corresponds above to a mass of adipose substance placed in front of

the tendo Achillis. In the middle of the superior surface are two (sometimes three)

* It wiU he observed that in the fibula, as in other long bones, the epiphysis towards
which the nutrient artery is directed is the one first joined to the shaft.
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1 13.—Bones of the Pdght Foot. Dorsal Surface.
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articular facets, separated by a,broad sballow groove, wliioh is directed obliquely

forwards and outwards, and is rougli for the attacliment of the interosseous liga-

ment 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 the origin of

the Extensor brevis digitorum muscle.

The inferior siirface is narrow, rough, uneven, wider behind than in front,

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 pollicis, and in front to the Flexor brevis digitorum

muscles ; the depression between the tubercles attaches the Abductor minimi digiti

and plantar fascia. The rough surface in front of the tubercles gives attach-

ment to the long plantar ligament, and to the outer head of the Flexor accessorius

muscle ; and to a prominent tubercle nearer the anterior part of the bone, 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

its centre a tubercle, for the attachment of the middle fasciculus of the external

lateral ligament. Above the tubercle is a broad smooth surface, giving attach-

ment, at its upper and anterior part, to the external calcaneo-astragaloid ligament

;

and in front of the tubercle a narrow surface marked by two oblique grooves;

Separated by an elevated ridge : the superior groove transmits the tendon of the

Peroneus brevis ; the inferior, the tendon of the Peroneus longus ; the intervening

ridge gives attachment to a prolongation from the external annular ligament.

The internal surface presents a deep concavity, directed obliquely downwards

and forwards, for the transmission of the plantar vessels and nerves and Flexor

tendons into the sole of the foot ; it affords attachment to part of the Flexor

accessorius muscle. This surface presents an eminence of bone, the lesser process,

which projects horizontally inwards from its upper and fore part, and to which a

slip of the tendon of the Tibialis posticus is attached. This process is concave

above, and supports the anterior articular surface of the astrag-alus ; below, it is

convex, and grooved for the tendon of the Flexor longus pollicis. Its free margin

is rough for the attachment of ligaments.

The anterior surface, of a somewhat triangular form, is smooth, concavo-

convex, and articulates with the cuboid. It is surmounted, on its outer side, by a

rough prominence, which forms an important guide to the surgeon in the per-

formance of Chopart's amputation.

The posterior surface is rough, prominent, convex, and wider below than

above. Its lower part is rough, for the attachment of the tendo Achillis, and

of the Plantaris muscle ; its ujDper part is smooth, coated with cartilage, and

corresponds to a bursa which separates that tendon from the bone.

Articulations. With two bones : the astragalus and cuboid.

Attacliinent of Muscles. Part of the Tibialis posticus, the tendo Achillis, Plan-

taris, Abductor pollicis. Abductor minimi digiti, Flexor brevis digitorum. Flexor

accessorius. and Extensor brevis digitorum.

The Cuboid.

The Cuboid bone is placed on the outer side of the foot, in front of the oa

calcis, and behind the fourth and iifth metatarsal bones. It is of a pyramidal

shape, its base being directed upwards and inwards, its apex downwards and out-

wards. It may be distinguished from the other tarsal bones by the existence of
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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 non-articular.

The non-articular surfaces are the superior, inferior, and external. The

superior or dorsal surface, directed upwards and outwards, is rough, for the

attachment of numerous hgaments. 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 promi-

nent ridge, terminating externally in an eminence, the tuberosity of the cuboid,

the surface of which presents a convex facet, for articulation with the sesamoid

bone of the tendon contained in the groove. The ridge and surface of bone

behind it are rough, for the attachment of the long and short plantar ligaments.

A few fibres of the Flexor brevis poUicis may be traced to this surface. The

external suiface, 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

simface is smooth, triangular and concavo-convex, for articulation with the anterior

surface of the os calcis. The anterior, of smaller size, but also irregularly trian-

gular, is divided by a vertical ridge into two facets : the inner facet, quadrilateral

in form, articulates with the fourth metatarsal bone : the outer one, larger and

more triangular, articulates with the fifth metatarsal. The internal surface is

broad, rough, irregularly quadrilateral, presenting at its middle and upper part a

small oval facet, for articulation with the external cuneiform bone ; and behind

this (occasionally) a smaller facet, for articulation with the scaphoid ; it is rough

in the rest of its extent, for the attachment of strong interosseous ligaments.

To ascertain to which foot it belongs, hold the bone 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, will 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 scaphoid.

Attachment of Muscles. Part of the Flexor brevis poUicis.

The Astragalus.

The Asti'agalus (fig. 113) is the largest of the tarsal bones, next to the os calcis.

It occupies the middle and upiper 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 scaphoid. 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 surface. 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.
The groove runs obliquely forwards and outwards, becoming gradually broader
and deeper in front : it corresponds with a similar groove upon the upper surface
of the OS calcis, and forms, when articulated with that bone, a canal, filled up
in the recent state by the calcaneo-astragaloid interosseous ligament. Of the

two articular facets, the posterior is the larger, of an oblong form, and deeply
concave from side to side ; the anterior, although nearly of equal length, is nar-

rower, of an elongated oval form, convex longitudinally, and often subdivided
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 calcaneo-

scaphoid ligament. The internal surface jDresents at its upper part a pear-shaped
articular facet for the inner malleolus, continuous above with the trochlear surface

;
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1 14.—Bones of the Riglit Foot. Plantar Surface.
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below tlie articnlar surface is a rough depression, for tlie attachment of the deep

portion of the internal lateral ligament. The external surface presents a large

triangular facet, concave from above downwards, for articulation with the external

malleolus ; it is continuous above with the trochlear surface ; and in front of it is

a rongh depression for the attachment of the anterior fasciculus of the external

lateral ligament. The anterior surface, convex and rounded, forms the head of

the astragalus ; it is smooth, of an oval form, and directed obliquely inwards and

downwards ; it is continuous below with that part of the anterior facet on the

under surface which rests upon the calcaneo-scajshoid ligament. 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 Flexor longus pollicis, external to

which is a horizontal notch or depression, in which the posterior fasciculus of the

external lateral ligament is lodged.

To ascertain to which foot it belongs, hold the bone 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 which the bone

belongs.

Articulations. With four bones : tibia, fibula, os calcis, and scaphoid.

The Scaphoid.

The Scaphoid or Navicular bone, so called from its fancied resemblance to a boat,

is situated at the inner side of the tarsus, between the astragalus behind and the

three cuneiform bones in front. This bone may be distinguished by its form,

being concave behind, convex and subdivided into three facets in fi-ont.

The anterior surface, of an oblong form, is convex from side to side, and sub-

divided by two ridges into three facets, for articulation with the three cuneiform

bones. The posterior surface is oval, concave, broader externally than internally,

and articulates with the rounded head of the astragalus. The supei-ior surface is

convex from side to side, and rough for the attachment of ligaments. The inferior

is somewhat concave, irregular, and also rough for the attachment of ligaments.

The internal surface presents a rounded tubercular eminence, the tuberosity of the

scaphoid, which gives attachment to part of the tendon of the Tibialis posticus.

The external surface is broad, rough, and irregular, for the attachment of liga-

mentous fibres, and occasionally presents a small facet for articulation with the

cuboid bone.

To ascertain to which foot it belongs, hold the bono with the concave articular

surface backwards, and the convex dorsal surface upwards; the broad external

surface will point to the side to which the bone belongs.

Articulations. With four bones : astragalus and three cuneiform ; occasionally

also with the cuboid.

Attachment of Muscles. Part of the Tibialis posticus.

The Cuneiform Bones have received their name from their wedge-like shape.

They form with the cuboid the most anterior row of the tarsus, being placed

between the scaphoid behind, the three innermost metatarsal bones in front, and
the cuboid externally. They are called the fi^-st, second, and third, counting from
the inner to the outer side of the foot, and, from their position, internal, middle,

and external.

The Internal Cuneifoem.

The Internal Cuneiform is the largest of the three. It is situated at the inner

side of the foot, between the scaphoid behind and the base of the first metatarsal

in front. It may be distinguished from the other two by its large size, and its

more irregular wedge-like form. Without the others, it may be known by the
large kidney-shaped anterior articulating surface, and by the prominence on the
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non-articnlar surface (or baso of the wedge), for the attacliment of a large tendon.

It presents for examination six surfaces.

The internal surface is snbcutaueons, and forms part of the inner border of the

foot ; it is broad, qnadrilateral, and presents at its anterior inferior angle a smooth
oval facet, over wliieh the tendon of the Tibialis anticus muscle glides ; in the rest

of its extent it is rough, for the attachment of ligaments. The external suiface is

concave, presenting, along its superior and posterior borders, a narrow surface for

articulation with the middle cuneiform behind, and second metatai-sal bone in

front : in the rest of its extent, it is rough for the attachment of ligaments, and
prominent belo-w, -where it forms part of the tuberositr. The anterior surface,

Mdney-shaped, articulates with the metatarsal bone of the great toe. The
posterior smy'ace is triangular, concave, and articulates with the innermost and

Tallest of the three facets on the anterior surface of the scaphoid. The inferior

or ]}lantar surface is TOTigh, 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 du-ected upwards and
outwards: it is rough for the attachment of Hgaments.

To ascertain to which side it belongs, hold the bone so that its superior narrow

edge loots upwards, and the long, kidney-shaped, articular surface forwards ; the

external sui-face, marked by its vertical and horizontal articular facets, will point

to the side to which it belongs.

Articulations. With four bones : scaphoid, middle cuneiform, first and second

metatarsal bones.

Attachment of Muscles, The Tibialis anticus and posticus.

The iliDDLE Co-EiroEii.

The iliddle Cuneiform, the smallest of the three, is of very regular wedge-

like form, the broad extremity being placed upwards, the nan-ow end downwards.

It is situated between the other two bones of the same name, and con-esponds to

the scaphoid behind, and the second metatarsal in front. It may be distinguished

from the external cuneiform bone, which it much resembles in general appearance,

by the articular facet, of angular form, which runs round the upper and back part

of its inner surface ; and if the two bones from the same foot are together, the

middle cuneiform is much the smaller.

The anterior surface, triangular in form, and narrower than the posterior,

articulates "with the base of the second metatarsal bone. The posterior surface,

also triangular, articulates with the scaphoid. The internal surface presents an
articular facet, running along the superior and posterior borders, for articulation

with the internal ctmeiform, and is rough below for the attachment of ligaments.

The external sttiface presents posteriorly a smooth facet for articulation with the

external cuneiform bone. The superior suiface forms the base of the wedge : it

is quadrilateral, broader behind than in front, and rough for the attachment of

ligaments. The inferior surface, pointed and tubercular, is also rough for liga-

mentous attachment.

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.

Artie ulatioyis, With four bones : scaphoid, internal and external cuneiform, and
second metatarsal bone.

Attacnment of Muscle. A slip from the tendon of the Tibialis posticus is

attached to this bone.

The Esteesal CtisTrFOKM.

The External Cuneiform, intermediate in size between the two preceding, is of

a very regular wedge-Hke form, the broad estremitv being placed upwards, the

narrow end downwards. It occupies the centre of the front row of the tarsus
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between the miiMle cnneifomi internally, the cuboid exteroaJlv. the scaphoid

behind, and the tbird metatarsal in front. It is distin^iished from the inteTnal

coneiform bone by its more recmlar wedge-like shape, and by the absence of the

kidney-shaped articular surface : from the middle cnneiform, by the absence of the

bent, or angular, facet, and by the two articular facets which mark both its inner

and outer surfeces. It has six sur&ces for examination.

The arderricfr gurface, triangularin form, articulates with thethirdmstatarsal bone.

The jpoderior m/fjce articulates -with the most extenusl facet of the scaphoid, and

is rough belo-w for the attachment of hgameatous fibres. The irdemal »U7jaee

presents two articular facets, separated by a rough depression : the anterior one,

situated at the superior angle of the bone, articulates -with the outer side or 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 iiiterosseons ligament. The exiemal s-arface also presents

two articular facets, separated by a roncfh non-articular surfece : the anterior iaj^z,

situated at the superior ansle of the bone, is small, and articulates with the mner

side of the base of the fourth metatareal : the posterior, and larger one articulates

with the cuboid : the rough non-articular sur&ce 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 ox the same

cartilage : the fe.cefc; for articulation with the middle cuneiform and scaphoid are

also continuous, but that for articulation with the cuboid is usually separate. The

guperivr or dorgaJ mirface, of an oblong form, is rough for the attachment of liga-

ments. The inferior Cfc jilaniar mirjo/ie is an obtuse rounded margin, and serves

for the attachment ox part of the tendon, of the Tibialis pteticns, part of the Flexor

brevis poUicis. and ligaments.

To ascertain to which side it belongs, hold the bone with the broad dorsal

surface upwards, the prolonged edge backwards : the separate articular izcez far

the cuboid wiU point to the proper side.

Artieulatioitg. With six bones : the scaphoid, middle cuneiform. cuhrA3^ and
second, third, and fourth metatarsal bones.

Attachment cf Mtaeles. Part of Tibialis posticus, and Elexor brevis pollicis.

The ilziATABEAX Boszs.

The Metatarsal Bouk are five in number : they are long bones, and subdivided

into a shaft and two extremities..

Common eharacterg. 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 below, slightly convex above. The Fogterior T^xtrerrdty, or Bagi, is

wedge-shaped, articulating by its terminal surface with the tarsal bones, and by its

lateral surfeces with the contiguous metatarsal bones : its dorsal and plantar surfaces

being rough for the attachment of ligaments. The Arderior Hztremibj, or Meai,
presents a terminal rounded ardctilar surmce, oblong from above downwards, and
extending further backwards below than above. lis sides are fiattened, and
present a depression, surmounted by a tubercle, for Egamentous attachment. Its

under sur&ce is grooved in the middle line for the passage of the Flexor teidon,

and marked on each side by an articular eminence contiimotis with the terminal

articular sur&ce.

Peculiar chjracteri. The First is remarkable for its great size, btit is the shortest

of all the metatarsal bones. The sJiafi is strong, and of well-marked prismoid

form. The jposterior esdremibj presents no lateral articular fecets : its terminal

articular sur&ce is of large size, of semilitnar form, and its circumference grooved

for the tarso-metatarsal ligaments : its inferior angle presents a rough oval pro-

minence for the insertion of the tendon of the Peroneus longus. The head is of

large size : on its plantar surface are two grooved facets, over which glide sesamoid

bones ; the fecets are separated by a smooth elevated ridge.
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This bone is known by the single kidney-shaped articular surface on its base

;

the deeply grooved appearance of the jjlantar 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 its base points to the

side to which the bone belongs.

The Second 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. It presents four arti-

cular surfaces : one behind, of a triangular form, for articulation with the middle

cuneiform : one at the nj^per part of its internal lateral surface, for articulation,

with the internal cuneiform
; and two on its external lateral surface, a superior

and an inferior, separated by a rough depression. Bach of the latter ai'ticular

surfaces is divided by a vertical ridge into two parts ; the anterior segment of each

facet articulates with the third metatarsal ; the two posterior (sometimes continuous)

with the external cuneiform.

The facets on the tarsal extremity of the second metatarsal bone serve at once

to distinguish it from 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.

The Third 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 thu-d 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

facets 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 tarsal

end, are each subdivided into two. The single facet (when the bone is put in its

natural position) is on the side to which the bone belongs.

The Fourth 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 cunei-

form ; on the outer side a single facet, for articulation with the iifth metatarsal.

The fourth metatarsal is known by its having a single facet, on either side of

the tarsal extremity, that on the inner side being divided into two parts. If this

subdivision be not recognisable, the fact that its tarsal end is bent somewhat out-

wards will indicate the side to which it belongs, as Mr. Holden points out.

The Fifth is recognised by the tubercular eminence on the outer side of its base.

It articulates behind, by a triangular surface cut obliquely from without inwards,

with the cuboid: and internally, with the fourth metatarsal.

The projection on the outer side of this bone at its tarsal end at once distin-

guishes it from the others, and points to the side to which it belongs.

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 thu-d, two for the fourth, and one for the fifth.

Attachment of Muscles. To the first metatarsal bone, three : part of the Tibialis

anticus, the Peroneus lougus, and First dorsal interosseous. To the second, three :

the Adductor poUicis, and First and Second dorsal interosseous. To the thu-d,

four : the Adductor pollicis. Second and Thu-d dorsal, and First plantar inter-

osseous. To the fourth, four : the Adductor pollicis, Thu-d and Fourth dorsal, and
Second plantar interosseous. To the fifth, five : the Peroneus brevis, Peroneus

tertins, Flexor brevis minimi digiti, Fourth dorsal, and Third plantar interosseous.
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Phalanges.

The Phalanges of the foot, both in number and general arrangement, resemble

those in the hand ; there being two in the great toe, and three in each of the other

toes. •

The phalanges of i\iB first row resemble closely those of the hand. The shaft is

compressed from side to side, convex above, concave below. The posterior extremity

is concave ; and the anterior extremity presents a trochlear surface, for articulation,

with the second phalanges.

The phalanges of the second row 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.

Articulation. The first row, with the metatarsal bones, and second phalanges
;

the second of the great toe, with the first phalanx, and of the other toes, with the

first and third phalanges ; the third with the second row.

Attachment of Muscles. To the first phalanges, great toe : innermost tendon of

Extensor brevis digitorum. Abductor poUicis, Adductor poUicis, Plexor brevis

pollicis, Transversus pedis. Second toe : First and Second dorsal interosseous.

Third toe : Third dorsal and First plantar interosseous. Fourth toe : Fourth dorsal

and Second plantar interosseous. Fifth toe : Flexor brevis minimi digiti. Abductor
minimi digiti, and Third plantar interosseous.—Second phalanges, great toe :

Extensor longus pollicis. Flexor longus pollicis. Other toes : Flexor brevis digi-

torum, one slip from the Extensor brevis digitorum (except in the little toe), and
Extensor longus digitorum.—Third phalanges : two slips from the common tendon

of the Extensor longus and Extensor brevis digitorum, and the Flexor longus digi-

torum.

Development of the Foot. (Fig. 115.)

The Tarsal bones are each developed by a single centre, excepting the os calcis,

which has an epiphysis for its posterior extremity. The centres make their appear-

ance in the following order : os calcis, at the sixth month of foetal life
; astragalus,

about the seventh month ; cuboid, at the ninth month ; external cuneiform,

during the first year ; internal cuneiform in the third year ; middle cuneiform

and scaphoid 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 tioo 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. Ossification commences
in the centre of the shaft about the seventh week, and extends towards either ex-

tremity, and in the digital epiphyses about the third year ; they become joined
between the eighteenth and twentieth years.

The Phalanges are developed by two centres for each bone : one for the shaft,

and one for the metatarsal extremity.

Sesamoid Bones.

These are small rounded masses, cartilaginous in early life, osseous in the adult,

which are developed in those tendons which exert a great amount of pressure upon
the parts over which they glide. It is said that they are more commonly found in

the male than in the female, and in jjersons of an active muscular habit than in

those who are weak and debilitated. They are invested throughout 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
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glide over the articular surfaces of joints, and those which play over the eartila-

gijious facets found on the surfaces of certain bones.

The sesamoid bones of the joints are, in the lower 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 poUicis, opposite the metatarso-

1 15.—Plan of the Development of the Foot.
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phalangeal joint of the great toe, and occasionally one in the metatarso-phalangeal

joint of the second toe, the little toe, and, still more rarely, the third and fourth

toes.

In the upper extremity, there 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 rarely, one opposite the same joints of the third

and fourth fingers.

Those found in the tendons which glide over certain bones, occupy the following

situations : one in the tendon of the Peroneus longus, where it glides through the

groove in the cuboid bone ; one appears late in life in the tendon of the Tibialis

antious, opposite the smooth facet on the internal cuneiform bone : one is found in

the tendon of the Tibialis posticus, opposite the inner side of the astragalus ; one

in the outer head of the Gastrocnemius, behind the outer condyle of the femur

;
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and one in the Psoas and Iliacus, where they glide over the body of the pubes.

Sesamoid bones are found occasionally in the tendon of the Biceps, opposite the

tuberosity of the radius ; 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.

The author has to acknowledge valuable aid derived from the perusal of the works of

Cloquet, Cruveilhier, Boiugery, and Boyer, especially of the latter. Reference has also been

made to the following :
—

' Outlines of Human Osteology,' by F. 0. Ward. 'A Treatise on
the Human Skeleton, and Observations on the Limbs of Vertebrate Animals,' by G. M.
Humphry. Holden's ' Human Osteology.' Henle's ' Handbuch der systematischen Anatomie
des Menschen. Erster Band. Erste Abtheilung. Knoehenlehre.' ' Osteological Memoirs
(The Clavicle),' by Struthers. 'On the Archetype and Homologies of the Vertebrate

Skeleton,' and ' On the Nature of Limbs,' by Owen.—Todd and Bowman's ' Physiological

Anatomy,' and KoUiker's ' Manual of Human Microscopic Anatomy,' contain the most
complete account of the structure and development of bone.—The development of the bones

is minutely described in Quain's ' Anatomy,' edited by Sharpey and Ellis.—On the chemical

analysis of bone, I'efer to Lehmann's ' Physiological Chemistry,' translated by Day ; vol. iii.

p. 12. Simon's ' Chemistiy,' ti'anslated by Day; vol. ii. p. 396. A paper by Dr. Stark,
' On the Chemical Constitution of the Bones of the Vertebrated Animals ' (Edinburgh
Medical and Surgical Journal ; vol. liii. p. 308) ; and Dr. Owen Kees' paper in the 2lEt vol.

of the Medico-Chirurgical Transactions.



The Articulations.

THE various bones of wliicli tlie Skeleton consists are connected together at

different j)firts of their surfaces, and such a connection is designated by the

name of Joint or Articulation. If the joint is immoveahle, as between the cranial

and most of the facial bones, their adjacent margins are applied in almost close

contact, a thin layer of fibrous membrane, the sutural ligament, and, at the base

of the skull, in certain situations, a thin layer of cartilage being interposed.

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 moveahle joints,

the bones forming the articulation are generally expanded for greater convenience

of mutual connection, covered by cai-tilage, held together by strong bands or

capsules of fibrous tissue, caJled ligaments, and lined by a membrane, the synovial

memhrane, which secretes a fluid to lubricate the various parts of which the joint

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

attached, is called the articular lamella. It is of a white colour, extremely dense,

and va.ries in tliickness. Its structure difiers from ordinary bone tissue in this

respect, that it contains no Haversian canals, and its lacuniB 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 articular will be found described along with the other kinds of cartilage in

the Introduction.

Ligaments are found in nearly all the moveable articulations ; they consist of

bands of various forms, serving to connect together the articular extremities of

bones, and composed mainly of bundles of white fibrous tissue placed parallel with,

or closely interlaced with, one another, and presenting a white, shining silvery

aspect. Ligament is pliant and flexible, so as to allow of the most perfect freedom

of movement, but strong, tough, and inextensile, so as not readily to yield under

the most severely applied force ; it is consequently well adapted to serve as the

connecting medium between the bones. Some ligaments consist entirely of yelloiu

elastic tissue, as the ligamenta subflava, which connect together the ;idjaeent arches

of the vertebrae, and the ligamentum nuchje 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 Memhrane is a thin, delicate membrane, arranged in the form of a short

wide tube, attached by its oiDen ends to the margins of the articular extremities of

the bones, and covering the inner surface of the various ligaments which connect

the articulating surfaces. It resembles the serous membranes in structure, but

differs in the nature of its secretion, which is thick, viscid, and glairy, like the

white of egg ; and hence termed synovia. The synovial membranes found in the

body admit of subdivision into three kinds, articular, bursal, and vaginal.

The articular synovial m.emhranes are found in all the freely moveable joints.

In the foetus, this membrane is said, by Toynbee, to be continued over the surface

of the cartilages ; but in the adult it is wanting, excepting at their circumference,

upon which it encroaches for a shoi't distance : it then invests the inner surface of
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tlie capsular or other ligaments enclosing the joint, and is reflected over the

surface of any tendons passing through its cavitj, as the tendon of the Popliteus

in the knee, and the tendon of the Biceps in the shoulder. In most of the joints,

the synovial membrane is thrown into folds, which project into the cavity.

Some of these folds contain large masses of fat. These are especially distinct in

the hip and the knee. Others are flattened folds, subdivided at their margins into

fringe-like processes, the vessels of which have a convoluted arrangement. The
latter generally project from the synovial membrane near the margin of the

cartilage, and lie flat upon its surface. They consist of connective tissue, covered

with epithelium, and contain fat cells in variable quantity, and, more rarely,

isolated cartilage cells. They are found in most of the bursal and vaginal, as

well as in the articular synovial membranes, and were described, by Clopton

Havers, as mucilaginous glands, and as the source of the synovial secretion.

Under certain diseased conditions, similar processes are found covering the entire

surface of the synovial membrane, forming a mass of pedunculated fibro-fatty

gTOwths, which project into the joint.

The hurscB are found interposed between surfaces which move upon each other,

producing friction, as in the gliding of a tendon, or of the integument over pro-

jecting bony surfaces. They admit of subdivision into two kinds, the hursce

mucoscB, and the synovial hursce. The former are large, simple, or irregular

cavities in the subcutaneous areolar tissue, enclosing a clear viscid fluid. They
are found in various situations, as between the integument and front of the patella,

over the olecranon, the malleoli, and other prominent parts. The synovial bursce

are found interposed between muscles or tendons as they play over projecting

bony surfaces, as between the Glutei muscles and the surface of the great trochanter.

They consist of a thin wall of connective tissue, partially covered by epithelium,

and contain a viscid fluid. Where one of 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 Iliaeus and the capsular ligament of

the hip, or the one interposed between the under surface of the Subscapulai'is and

the neck of the scapula.

The vaginal syiiovial membranes (synovial sheaths) serve to facilitate the

gliding of tendons in the osseo-fibrous canals through which they pass. The
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 outer surface of the con-

tained tendon ; the space between the two free surfaces of the membrane being

partially filled with synovia. These sheaths are chiefly found surrounding 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 like

the white of egg, having an alkaline reaction, and slightly saline taste. It consists,

according to Frerichs, in the ox, of 94'85 water, 0-56 mucus and epithelium,

o'o7 fat, 3'5i albumen and extractive matter, and 0^99 salts.

The Articulations are divided into three classes : Synarthrosis, or immoveable
;

Ampliiarilirosis, or mixed
; and Diarthrosis, or moveable joints.

I. Stnartheosis. Immoveable Articulations.

Synarthrosis includes all those articulations in which the surfaces of the bones

are in almost direct contact, not separated by an intervening synovial cavity, and

immoveably connected with each other, as the joints between the bones of the

cranium and face, excepting those of the lower jaw. The varieties of synarthrosis

are three in number : Sutura, Schindylesis, and Gomphosis.

Sutura (a seam). Where the articulating surfaces are connected by a series

of processes and indentations interlocked together, it is termed sutura vera ; of

which there are three varieties : sutura dentata, serrata, and limbosa. The sur-

.

L 2
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faces of the bones are not in direct contact, being separated by a layer of membrane,

continuous externally witli the pericranium, internally witli the dura mater. The

sutura dentata (dens, a tooth) is so called from the tooth-like form of the projecting

articular processes, as in the suture between the parietal bones. In the sutura,

serrata {serra, a saw), the edges of the two bones forming the articulation are

serrated like the teeth of a fine saw, as between the two portions of the frontal

bone. In the suhira limbosa (limbus, a selvage), besides the dentated processes,

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 vsdth one

another, it is termed the false suture, sutura notha, of which there are two kinds :

the sutura squamosa (scpiama, a scale), formed by the overlapping of two con-

tiguous bones by broad bevelled margins, as in the temporo-parietal (squamous)

suture ; and the sutura harmonia (apjiovia, a joining 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 ((rxivSyXijiric, 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

laminaa of another, as in the articulation of the rostrum of the sphenoid, and per-

pendicular plate of the ethmoid with the vomer, or in the reception of the latter in

the fissure between the superior maxillary and palate bones.

Oomphosis (yufupog, a 7iail) 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 articulations between bones, properly so called, but is seen in the articula-

tion of the teeth vrith the alveoli of the maxillary bones.

2. Amphiaetheosis. Mixed Articulations.

In this form of articulation, the contiguous osseous surfaces are either con-

nected together by broad flattened discs of fibro-cartilage, which adhere to the

end of both bones, as in the articulation between the bodies of the vertebrte, or

that between the first two pieces of the sternum ; or else the articulating surfaces

are covered with fibro-cartilage, partially lined by synovial membrane, and con-

nected together by external ligaments, as in the sacro-iliac and pubic symphyses

;

both these forms being capable of limited motion in every direction. The former

resemble the synarthrodial joints in the continuity of their surfaces, and absence

of synovial sac ; the latter, the diarthrodial. These joints occasionally become

obliterated in old age ; as' is frequently the case in the pubic articulation, and

occasionally in the intervertebral and sacro-iliac.

3. DiAETHEOSis. Moveable Aeticdlations.

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 of two contigTious bony surfaces, covered with cartilage, connected by
ligaments, and lined by synovial membrane. The vai-ieties of joints in this class

have been determined by the kind of motion permitted in each ; they are four in

number : Arthrodia, Enarthrosis, Ginglymus, Diarthrosis rotatoria.

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 liga-

ments, or osseous processes, surrounding the articulation ; as in the articular pro-

cesses of the vertebrae, temporo-maxillary, sterno- and acromio-clavicular, inferior

radio-ulnar, carpal, carpo-metacarpal, superior tibio-fibular, tarsal, and tarso-

metatarsal articulations.

Enarthrosis is that form of joint which is capable of motion in all directions.

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 liga-
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ment strengthened by accessory ligamentous bands. Examples of tliis form of

articulation are found in the hip and shoulder.

Ginghjmus, Hinge-joint (yiyyXvuoQ, a hinge). In this form of joint, the arti-

cular surfaces are moulded to each other in such a manner as to permit motion

only in two directions, forwards and backwards, the extent of motion at the same

time being considerable. The articular surfaces are connected together by strong

lateral ligaments, which form their chief bond of union. The most perfect forms

of ginglymus are the elbow and ankle ; the knee is less perfect, as it allows a slight

degree of rotation in certain positions of the limb : there are also the metatarso-

phalangeal and phalangeal joints in the lower extremity, and the metacarpo-

phalangeal and phalangeal joints in the upper extremity.

Diarthrosis rotafuria (Lateral Gringlymus). Where the movement is limited to

rotation, the joint is formed by a pivot-like jjrocess turning within a ring, or the

ring on the pivot, the ring being formed partly of bone, partly of ligament. In the

articulation of the odontoid process of the axis with 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 the superior radio-ulnar articula-

tion, 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 the radius rotates within

the ring.

Subjoined, in a tabular form, are the names, distinctive characters, and

examples of the different kinds of articulations.

Synarthrosis, 01

Immoveable Joint

Surfaces separated

by fibrous membrane,

without any inter-

vening synovial ca- S

vity, andimmoveably

connected with each

other.

As in joints of

cranium and face

(except lower jaw).

Sutura. Ar-

ticulation by

processes and
indentations
interlocked to-

gether.

Sutura vera

(true) articulate

by indented bor-

ders.

r Deritata, having

,

tooth-like processes.

As in interparietal

suture.

Serrata, having

serrated edges, like

the teeth of a saw.

As in interfrontal

suture.

Limihosa, haviag

bevelled margins,

and dentated pro-

cesses.

As in fronto-pa-

Lrietal suture.

f Squamosa, formed

by thinbevelled mar-

gins, overlapping

each other.

Sutura notha As in squamo-

(false) articulate . parietal suture,

.by rough surfaces. Rarinonia, formed

by the apjsosition of

contiguous rough

surfaces.

As in intermaxil-

L lary suture.

Schindylesis. Articulation formed by the reception of a

thin plate of one bone into a fissure of another.

As in articulation of rostrum of sphenoid with vomer.

Gom-phosis. Articulation formed by the insertion of a

conical process into a socket.

The teeth.
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r I. Surfaces connected by fibro-cartilage, not separated

, , . ,, .
I
by synovial membrane, and having limited motion. As in

Amphiartlirosis, 1.-^,. ij- c i.i
,|-. / « i.- v i- •< jomts between bodies ot vertebrae.

I

2. Surfaces covered by fibro-cartilage ; lined by a partial

(^synovial membrane. As in sacro-iliac and pubic symphyses.
r- Arthrodia. Glidingjoint; articulations by plane surfaces,

which glide upon each other. As in sterno- and acromio-

clavicular articulations.

Enayihrosis. 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.

Diartlirosis, Ginglymus. Hinge joint ; motion limited to two direc-

Moveable Joint. \ tions, forwards and backwards. Articular surfaces fitted

together so as to permit of movement in one plane. As in

the elbow, ankle, and knee.

Diaiihrosis rotatoria or Lateral Ginglymus. Articulation

by a pivot process turning within a ring, or ring around a

pivot. As in superior radio-ulnar articulation, and atlo-

l^axoid joint.

The Kinds of Movement admitted in Joints.

The movements admissible in joints may be divided into four kinds : gliding,

angular movement, circumduction, and rotation.

Gliding movement is the most simple kind of motion that can take place in a
joint, one surface gliding over another. It is common to all moveable joints ; but
in some, as in 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 articulation.

Angular movement occurs only between the long bones, and may take place in

four directions, forwards and backwards, constituting flexion and extension, or in-

wards and outwards, constituting adduction and abduction. The strictly gingly-

moid or hinge joints admit of flexion and extension only. Abduction and adduction,

combined with flexion and extension, are met with in the more moveable joints
;

as in the hip, shoulder, and metacarpal joint of the thumb, and partially in the

wrist and ankle.

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.

Rotation is the movement of a bone upon its own axis, the bone retaining the

same relative situation with respect to the adjacent parts ; as in the articulation

between the atlas and axis, where the odontoid process serves as a pivot around

which the atlas turns ; or in the rotation of the radius upon the humerus, and also

in the hip and shoulder.

The actions of the difierent joints of a limb are combined by means of the long

muscles which pass over more than one joint, and which act to a certain extent as

elastic ligaments in restraining certain actions of one joint, except when combined

with corresponding movements of the other—these latter movements being usually

in the opposite direction. Thus the shortness of the hamstring-muscles prevents

complete flexion of the hip, unless the knee-joint be 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
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tlie elbow are flesed simultaneously, and simultaneously extended,' in consequence
of the passage of the Biceps and Triceps oubiti over both joints. 2. It enables the
short muscles which pass over only one joint to act upon more than one. ' Thus
if the Rectus 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 muscles may
vary considerably in dilferent varieties of movement, the muscles adapting them-
selves tonically to the length required.' The quotations are from a very interest-

ing paper, by Dr. Cleland, in the 'Journal of Anatomy and Physiology,' No. i.

1866, p. 85 ; by whom I believe this important fact in the mechanism of joints was
first clearly pointed out, though it has been independently observed afterwards by
other anatomists.

The articulations may be arranged into those of the trunk, those of the upper
extremity, and those of the lower extremity.

ARTICULATIONS OF THE TRUNK.

These may be divided into the following groups, viz. :

—

I. Of the vertebral column. VII. Of the cartilages of the ribs with

II. Of the atlas with the axis. the sternum, and with each other.

III. Of the atlas with the occipital bone. VIII. Of the sternum.

IV. Of the axis with the occipital bone. IX. Of the vertebral column with the

V. Of the lower jaw. pelvis.

VI. Of the ribs with the vertebrse. X. Of the pelvis.

I. Articulations of the Veetebkal Column.

The different segments of the spine are connected together by ligaments, which

admit of the same arrangement as the vertebras. They may be divided into five

sets. I. Those connecting the bodies of the vercebrse. 2. Those connecting the

lammce. 3. Those connecting the articular processes. 4. Those connecting the

spinous processes. 5. Those oi the transverse processes.

The articulations of the bodies of the vertebrse with each other form a series of

amphiarthrodial joints : those between the articular processes form a series of

arthrodial joints.

I. The Ligaments or the Bodies.

Anterior Common Ligament. Posterior Common Ligament.

Intervertebral Substance.

The Anterior Commo'ii Ligament {Qgn. 116, 117, 124, 127) is a broad and strong

band of ligamentous fibres, which extends along the front surface of the bodies of

the vertebra?, from the axis to the sacrum. It is broader below than above, thicker

in the dorsal than in the cervical or lumbar regions, and somewhat thicker opposite

the front of the body of each vertebra, than opposite the intervertebral substance.

It is attached, above, to the body of the axis by a pointed process, which is con-

neoted 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 vertebras; but less closely to the middle of the bodies. In the



152 ARTICULATIONS.

latter situation tlie 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 vertebraa. A second subjacent set extend between

two or three vertebrae ; whilst a third set, the shortest and deepest, extend from

one vertebra to the next. At the side of the bodies, the ligament consists of a

few short fibres, which pass from one vertebra to the next, separated fi-om the

median portion by large oval apertures, for the passage of vessels.

The Posterior Common Ligament (figs. ii6, 120) is situated within the spinal

canal, and extends along the posterior surface of the bodies of the vertebra, from

the body of the axis above, where it is continuous with the occipito-axoid ligament,

to the sacrum below. It is broader at the upper than at the lower part of the spine,

and thicker in the dorsal 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 vence basis verteirce. This

ligament is composed of smooth, shining, longitudinal fibres, denser and more com-

pact than those of the anterior ligament, and composed of a superficial layer

occupying the interval between three or four vertebrae, and of a deeper layer which
extends between one vertebra and the next adjacent to it. It is separated from
the dura mater of the spinal cord by some loose filamentous tissue, very liable to

serous infiltration.

The Intervertebral Substance (fig. 116) is a lenticular disc of fibro- cartilage, in-

terposed between the adjacent surfaces of the bodies of the vertebrae, from the

n6.—Vertical Section of two Vertebrae and their Ligaments, from the Lumbar Kegion.

axis to the sacrum, and forming the chief bond of connection between tliose bones.

These discs vary in shape, size, and thickness, in difierent parts of the spine. In

sJiajpe 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
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dorsal. Their sixe is greatest in the lumbar region. In thichiess they vary not

only in the different regions of the spine, but in different parts of the same region :

thus, they are uniformly thick in the lumbar region ; thickest, in front, in the

cervical and lumbar regions which are convex forwards ; and behind, to a slight

extent, in the dorsal region. They thus contribute, in a great measure, to the

curvatures of the spine in the neck and loins ; whilst the concavity of the dorsal

region is chiefly due to the shape of the bodies of the vertebra. The interverte-

bral discs form about one-fonrth of the spinal column, exclusive of the first two

vertebrae ; they are not equally distributed, however, between the various bones
;

the dorsal portion of the spine having, in proportion to its length, a much smaller

quantity than in the cervical and lumbar regions, which necessarily gives to the

latter parts greater pliancy and freedom of movement. The intervertebral discs

are adherent, by their surfaces, to the adjacent parts of the bodies of the vertebrae
;

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 interarticular ligament, to the heads of those

ribs which articulate with two vertebras ; they, consequently, form part of the

articular cavities in which the heads of these bones are received.

The intervertebral substance is composed, at its circumference, of laminas of

fibrous tissue and fibro-cartilage ; and, at its centre, of a soft, elastic, pulpy matter.

The laminae are arranged concentrically one within the other, with their edges

turned towards the corresponding surfaces of the vertebrte, and consist of alternate

plates of fibrous tissue and 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 du-ected, for the most part, obliquely from above downwards ;
the fibres of an

adjacent plate have an exactly opposite arrangement, varying in their direction in

every layer ; whilst in some few they are horizontal. This laminar arrangement

belongs to about the outer half of each disc, the central part being occupied by a

soft, pulpy, highly elastic substance, of a yellowish colour, which rises np con-

sidei'ably above the surrounding level, when the disc is divided horizontally. This

substance presents no concentric arrangement, and consists of white fibrous tissue,

with cells of variable shape and size interspersed. The pulpy matter, which is

especially well developed in the lumbar region, is separated from immediate con-

tact with the vertebrse by the interposition of thin plates of cartilage.

2. Ligaments connecting the Laminj;.

Ligamenta Su.bflava.

The Ligamenta Stibflava (fig. 116) are interposed between the lamince of the

vertebrae, from the axis to the sacrum. They are most distinct when seen from the

interior of the spinal canal ; when viewed from the outer surface, they appear

short, being overlapped by the laminas. 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 laminee converge to form the spinous process,

where their margins are thickest, and separated by a slight interval, filled up with
areolar tissue. These ligaments consist of yellow elastic tissue, the fibres of which,

almost perpendicular in direction, are attached to the anterior surface of the

margin of the lamina above, 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 pre-

serve the upright posture, and to assist in resuming it, after the spine has been
flexed. These ligaments do not exist between the occiput and atlas, or between the

atlas and axis.
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3. Ligaments connecting the Articular Peocbsses.

Capsular.

The Capsular Ligaments (fig. 118) are thin and loose ligamentons sacs, attached

to the contigaons margins of the articniating processes of each vertebra, through

the greater part of their circumference, and completed internally by the ligamenta

subflava. They are longer and more loose in the cervical than in the dorsal or

lumbar regions. The capsular ligaments are lined on their inner surface by
synovial membrane.

4. Ligaments connecting the Spinous Processes.

Inter-spinous. Supra-spinous.

The Inter-spinous Ligaments (fig. 116), thin and membranous, are interposed

between the spinous processes in the dorsal and lumbar regions. Each ligament

extends from the root to near the summit of each spinous process, and connects

together their adjacent margins. They are narrow and elongated in the dorsal

region, broader, quadrilateral in form, and thicker in the lumbar region.

The Supra-spinous Ligament is a strong fibrous cord, which connects together

the apices of the spinous processes from the seventh cervical to the spine of the

sacrum. It is thicker and broader in the lumbar than in the dorsal region, and
intimately blended, in both situations, with the neighbouring aponeuroses. The
most superficial fibres of this ligament connect three or four vertebrae ; those

deeper seated pass between two or three vertebrte ; whilst the deepest connect the

contiguous extremities of neighbouring vertebras.

5. LiGAJIENTS CONNECTING THE TRANSVERSE PROCESSES.

Inter-transverse.

The Liter-transverse Ligaments consist of a few thin scattered fibres, interposed

between the transverse processes. They are generally wanting in the cervical

region ; in the dorsal, they are rounded cords ; 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 hgament
is relaxed, and the intervertebral substances are compressed in front ; while the

posterior corumon ligament, the ligamenta subfiava, and the inter- and supra-

spinous ligaments, are stretched, as weU as the posterior fibres of the interver-

tebral discs. The interspaces between the laminae are widened, and the inferior

articular processes of the vertebrae above glide upwards, upon the articular pro-

cesses 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 dispo-

sition of the parts takes place. This movement is not extensive, being limited

by the anterior common ligament, and by tlie approximation of the spinous

processes. .

Flexion and extension are most free in the lower part of the lumbar, and in the

cervical regions ; extension in the latter region being greater than flexion, the

reverse of which is the case in the lumbar region. These movements are least free

in the middle and upper part of the back.

In Lateral Movement, the sides of the intervertebral discs are compressed, the

extent of motion being limited by the resistance offered by the surrounding liga-

ments, and by the approximation of the transverse princesses. This movement may
take place in any part of the spine, but is most free in the neck and loins.
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Circumdaetion is very limited, and is produced merely by a succession of tlie

preceding movements.

Rotation is produced by the twisting of tbe intervertebral substances ; this,

although only slight between any two vertebrte, produces a great extent of move-
ment, when it takes place in the whole length of the spine, the front 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 more free in the lower part of the dorsal and

lumbar regions.

It is thus seen that the cervical region enjoys the greatest extent of each

variety of movement, flexion and extension especially being very free. In the

dorsal region, especially at its upper part, the movements are most limited ; flexion,

extension, and lateral motion taking place only to a slight extent.

II. Articulation of the Atlas with the Axis.

The articulation of the anterior arch of the atlas with the odontoid process forms

a lateral ginglymus joint, whilst that between the articulating processes of the

two bones forms a double arthrodia. The ligaments which connect these bones

are, the

Two Anterior Atlo-Axoid. Transverse.

Posterior Atlo-Axoid. Two Capsular.

Of the Two Anterior Atlo-Axoid Ligament.t (fig. 117), the more superficial is a

rounded cord, situated in the middle line ; it is attached, above, to the tubercle on

[17.—Occipito-Atloid and Atlo-Axoid Ligaments. Front View.

the anterior arch of the atlas ; below, to the base of the odontoid process and 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 body of the axis. These ligaments are in relation, in fi'ont, with the

Recti antici majores.

The Posterior Atlo-Axoid Ligament (fig. 11 8) is a broad and thin membranous
layer, attached, above, to the lower border of the posterior arch of the atlas

;
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below, to the upper edge of the laminas of the axis. This ligament supplies the

place of the ligamenta subflava, and is in relation, behind, with the Inferior oblique

muscles.

1 1 S.—Oecipito-Atloid and Atlo-Axoid Ligaments. Posterior View.

h it. Ct.nrLcai' Tt^vva.

The Transverse Ligament''' (figs. 119, 120) is a thick and strong ligamentous

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

119.—Articulation between Odontoid Process and Atlas.

before backwards, broader and thicker in the middle than at either extremity, and

firmly attached on each side of the atlas to a small tubercle on the inner surface

* It lias heen found necessary to describe the transverse ligament with those of the atlas

and axis ; but the student must remember that it is really a portion of the mechanism 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.
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of its lateral mass. As it crosses tile odontoid process, a small fascic-ulus is derived

from its upper and lower borders ; the former passing upwards, to be inserted

into the basilar process of the occipital bone ; the latter, downwards, to be

attached to the root of the odontoid process ; hence, the whole ligament has

received the name of cruciform. The transverse ligament divides the ring of the

atlas into two unequal parts : of these, the posterior and larger serves for the

transmission of the cord and its membranes ; the anterior and smaller contains the

odontoid process. Since the lower border of the space between the anterior arch

of the atlas and the transverse ligament is smaller 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 when all the other

ligaments have been divided.

The Capsular Ligaments are two thin and loose capsules, connecting the articular

surfaces of the atlas and axis, the fibres being strongest on the anterior and
external part of the articulation.

120.—Occipito-Axoid and Atlo-Axoid Ligaments. Posterior View, obtained by removing
the arches of the Vertebrse and the posterior part of the Skull.

tAf T&riical fiortian

S,jm,^„l«,emir,

'M'>\xi\S,iaaviall,

There are four Synovial Membranes in this articulation ; one lining the inner

surface of each of the capsular ligaments ; one between the anterior surface of the

odontoid process and the anterior arch of the atlas ; and one between the posterior

surface of the odontoid process and the transverse ligament. The latter often

communicates with those between the condyles of the occipital bone and the

articular surfaces of the atlas.

Actions. This joint is capable of great mobility, and allows the rotation of the

atlas (and, with it, of the cranium) upon the axis, the extent of rotation being

limited by the odontoid ligaments.

Articulations of the Spine with the CuANitrM.

The ligaments connecting the spine with the cranium may be divided into two

sets, those connecting the occipital bone with the atlas, and those connecting the

occipital bone with the axis.
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III. Articulation of the Atlas with the Occipital Bone.

This articulation is a double arthrodia. Its ligaments are the

Two Anterior Occipito-Atloid.

Posterior Occipito-Atloid.

Two Lateral Occipito-Atloid.

Two Capsular.

Of the Two Anterior Ligaments (fig. 117), the superficial is a strong, narrow,
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 whole length of the upper border of the anterior arch of

the atlas below. This ligament is in relation, in front, with the Recti antici

minores ; behind, with the odontoid ligaments.

The Posterior Occipito-Atloid Ligament (fig. 118) 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

of the posterior arch of the atlas. This ligament is incomplete at each side, and
forms, with the superior intervertebral notch, an opening for the passage of the

vertebral artery and snb-occipital nerve. It is in relation, behind, with the Recti

postici minores and Obliqui superiores ; in front, with the dura mater of the spinal

canal, to which it is intimately adherent.

The Lateral Ligaments 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 con-

nect them with the articular surfaces of the atlas
;
they consist of thin and loose

capsules, which enclose the synovial membrane of the articulation. The synovial

membranes between the occipital bone and atlas communicate occasionally with

that between the posterior surface of the odontoid process and transverse ligament.

Actions. The movements p^srmitted in this joint are flexion and extension,

which give rise to the ordinary forward or 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. According to Cruveilhier, there is a slight motion of rotation

in this joint.
'

IV. Articulation of the Axis with the Occipital Bone.

Occipito-Axoid. Three Odontoid.

To expose these ligaments, the spinal canal should be laid open by removing

the posterior arch of the atlas, the laminffi and spinous process of the axis, and

the portion of the occipital bone behind the foramen magnum, as seen in fig. 120.

The Occipito-Axoid Ligairvnt (Apparatus ligamentosus colli) is situated at the

upper part of the front surface of the spinal canal. It is a broad and strong

ligamentous band, which covers the odontoid process and its ligaments, and appears

to be a prolongation upwards 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 inserted into the basilar groove of the occipital bone, in

front of the foramen magnum.
Belations. By its anterior surface, it is intimately connected with the transverse

ligament, by its posterior surface with the dura mater. By cutting this ligament

across, and turning its ends aside, the transverse and odontoid ligaments are

The Odontoid or Chech Ligaments are strong, rounded, fibrous cords, which

arise one on either side of the apex of the odontoid process, and, passing obliquely

upwards and outwards, are inserted into the rough depressions on the inner side
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of tlie condyles of tlie occipital bone. In the triangular interval left between tbese

lio-aments and the margin of the foramen magnum, a third strong ligamentous

band (ligamentnm suspensorium) may be seen, which passes almost perpendicularly

from the apex of the odontoid process to the anterior margin of the foramen, being

intimately blended with 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 cIkcIc

ligaments.

V. Tempoeo-Maxillary Articulation.

This is an arthrodial joint ; the parts entering into its formation are, on each

side, the anterior part of the glenoid cavity of the temporal bone and the eminentia

articularis above ; with the condyle of the lower jaw below. The ligaments are

the following :

External Lateral. Stylo-maxillary.

Internal Lateral. Capsular.

Interarticular Fibro-cartilage.

The External Lateral Ligament (fig. 121) is a short, thin, and narrow fasci-

culus attached above to the outer surface of the zygoma and to the rough tubercle

on its lower border ; below, to the outer surface and posterior border of the neck

-Temporo-Maxillary Articulation. External View.

of the lower jaw. This ligament is broader above than below ; its fibres are

placed parallel with one another, and directed obliquely downwards and back-

wards. Externally, it is covered by the parotid gland, and by the integument.

Internally, it is in relation with the interarticular fibro-cartilage and the synovial

membrane.

The Internal Lateral Ligament (fig. 122) is a long, thin, and loose band, which

is attached above to the spinous process of the sphenoid bone, and becoming broader

as it descends, is inserted into the inner 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
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more inferiorly the inferior dental vessels and nerve separate it from tlie ramus of

the jaw. Internally, it is in relation with the Internal pterygoid.*

The Stylo-Maxillary Ligament is a thin aponeurotic cord, which extends from near

the apex of the styloid
i22.-Temporo-Maxillary Articulation. Internal View,

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

separates the parotid

from the sub-maxillary

gland, and has attached

to its inner side part

of the fibres of origin

of the Stylo-glossus

muscle. Although usu-

ally classed among the

ligaments of the jaw, it

can only be considered

as an accessory in the

articulation.

Along with the stylo-

maxillary ligament, may
be described the stylo-

hyoid' ligament, although it is in no way connected with the functions of the lower

jaw. This is a fibrous cord, 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.

The Capsular Ligament forms a thin and loose ligamentous capsule, attached

above to the cii'cumference of the glenoid cavity and the articular surface imme-
diately 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 the articulation.

The Literarticular Fihro-cartilage (fig. 123) is a thin plate of an oval form,

placed horizontally between the condyle of the jaw and the glenoid cavity.

Its upper surface is concave from before backwards, and a little convex trans-

versely, to acommodate itself to the form of the glenoid cavity. Its under surface,

where it is in contact

with the condyle is 123.—Vertical Section of Temporo-Maxillary Articulation.

concave. Its circum-

ference is connected ex-

ternally to the external

lateral ligament ; inter-

nally, to the capsular

ligament ; and in front

to the tendon of the Ex-

ternal pterygoid muscle.

It is thicker at its cir-

cumference, especially

behind, than at its cen-

tre, where it is some-

times perforated. The

* Dr. Humphry describes the internal portion of the capsular ligament separately, as

the short internal lateral hg-ament ; and it certainly seems as deserving of a separate descrip-

tion as the external lateral hgament is.
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fibres of whioli it is composed have a concentriB arrangement, more apparent at

the circnmference than at the centre. Its surfaces are smooth, and divide the

joint into two cavities, each of which is furnished with a separate synovial mem-
brane. When the fibro-cartilage is perforated, the synovial membranes are con-

tinuons with one another.

The Synovial Membranes, two in number, are placed one above, and the other

below the fibro-cartilage. The upper one, the larger and looser of the two, is con-

tinued from the margin of the cartilage covering the glenoid cavity and eminentia

articularis, over the upper surface of the fibro-cartilage. The lower one is inter-

posed between the under surface of the fibro-cartilage and the condyle of the jaw,

being prolonged downwards a little further behind than in front.

The Nerves of this joint are derived from the aurieulo-temporal and masseteric

branches of the inferior maxillary.

Actions. The movements permitted in this articulation are very extensive.

Thus, the jaw may be depressed or elevated, or it may be carried forwards or back-

wards, or from side to side. It is by the alternation of these movements performed

in succession, that a kind of rotatory movement of the lower jaw upon the upper

takes place, which materially assists in the mastication of the food.

If the movement of depression is carried only to a slight extent, the condyles

remain in the glenoid cavities, their anterior part descending only slightly ; but if

the depression is considerable, the condyles glide from the glenoid foss^ on to the

articular eminences, carrying with them the interarticular fibro-cartilages. When
this movement is carried to too great an extent, as, for instance, during a convul-

sive yawn, dislocation of the condyle into the zygomatic fossa may occur ; the

interarticular cartilage being carried forwards, and the capsular ligament ruptured.

When the jaw is elevated, after forced depression, the condyles and fibro-cartilages

are carried backwards into their original position. When the jaw is carried

horizontally forwards and backwards, or from side to side, a horizontal gliding

movement of the fibro-cartilages and condyles upon the glenoid cavities takes place

in the corresponding direction.

VI. Akticulations of the Ribs with the Veetebeji.

The articulations of the ribs with the vertebral column may be divided into two

sets : I. Those which connect the heads of the ribs with the bodies of the vertebra
;

2. Those which connect the necks and tubercles of the ribs ndth the transverse

processes.

I. Articulations between the Heads of the Ribs and the Bodies

OF THE Veetebej;. (Eig. 124.)

These constitute a series ofgingiymoid 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, connected together by the following ligaments :—
Anterior Costo-vertebral or Stellate.

Capsular.

Interarticular.

The Anterior Gosto-vertehral or Stellate Ligament connects the anterior part of

the head of each rib with the sides of the bodies of two vertebrce, and the inter-

vertebral disc between them. It consists of three flat bundles of ligamentous

fibres, which radiate from the anterior part of the head of the rib. The superior

fasciculus passes upwards to be connected with the body of the vertebra above

;

the inferior one descends to the body of the vertebra below ; and the middle one,

the smallest and least distinct, passes horizontally inwards to be attached to the

intervertebral substance.

Belations. In front, with the thoracic ganglia of the sympathetic, the pleura,

M
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and, on the right side, with the vena azygos major ; behind, with the interarticular

ligament and synovial membranes.

In the first rib, which articulates with a single vertebra only, this ligament

does not present a dis-

tinct division into three ^^4-—Oosto-vertebral and Costo-transverse Articulations.

n T . Anterior View.
lascicuh ; its superior

fibi'es, however, pass to

be attached to the body

of the last cervical ver-

tebra, as well as to the

body of the vertebra

with which the rib ar-

ticulates. In the tenth,

eleventh and twelfth ribs

also, which likewise ar-

ticulate with a single

vertebra, the division

does not exist ; but tlie

upper fibres of the liga-

ment, in each case, are

connected with the ver-

tebra above, as well as

that with which the ribs

articulate.

The Capsular Liga-

ment is a thin and loose

ligamentous bag, which

surrounds the joint be-

tween the head of the rib and the articular cavity formed by the junction of the

vertebrffi. It is very thin, firmly connected with the anterior ligament, and most
distinct at the upper and lower parts of the articulation.

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 extremity

to the sharp crest on the head of the rib, and by the other to the intervertebral

disc. It divides the joint into two cavities, which have no communication with

one another, but are each lined by a separate synovial membrane. In the first,

tenth, eleventh, and twelfth ribs, the interarticular ligament does not exist ; conse-

quently, there is but one synovial membrane.
Actions. The movements permitted in these articulations are limited to eleva-

tion, depression, and a slight amount of movement forwards and backwards. The
mobility, however, of the difierent ribs varies very much. The first rib is almost

immoveable, excepting in deep inspiration. The movement of the second rib is

also not very extensive. In the other ribs, their mobility increases successively

down to the last two, which are very moveable. The ribs are generally more
moveable in the female than in the male.

2. Aetichlations of the Necks and Thbekcles op the Ribs with the

Transverse Processes. (Pig. 125.)

The ligaments connecting these parts are

—

Anterior Costo-Transverse.

Middle Costo-Transverse (Interosseous).

Posterior Costo-Transverse.

Capsular.

The Anterior Gosto-Transverse Ligament is a broad and strong band of fibres,

attached below to the sharp crest on the upper border of the neck of each rib, and
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passing obliquely upwards and outwards, to the lower border of the transverse

process immediately above. It is broader below than above, broader and thinner

between the lower ribs than between the upper, and more distinct in front than,

behind. This ligament is in relation, in front, with the intercostal vessels and
nerves ; behind, with the Longissimus dorsi. Its internal harder completes an
aperture formed between it and the articular processes, through which pass the

posterior branches of the intercostal vessels and nerves. Its external border is

continuous with a thin aponeurosis, which covers the External intercostal muscle.

The first and last ribs have no anterior costo-transverse ligament.

The Middle Gosto-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

125.—Oosto-Transverae Articulation. Seen from above.

order fully to expose this ligament, a horizontal section should be made across the

transverse process and corresponding part of the rib ; or the rib may be forcibly

separated from the transverse process, and its fibres put on the stretch.

In the eleventh and twelfth ribs, this ligament is quite rudimentary.

The Posterior Gosto-Transverse Ligament is a short, but thick and strong

fasciculus, which passes obliqnely from the summit of the transverse process to the

rough non-articular portion of the tubercle of the rib. This ligament is shorter

and more oblique in the upper than in the lower ribs. Those corresponding to

the superior ribs ascend, and those of the inferior ones slightly descend.

In the eleventh and twelfth ribs, this ligament is wanting.

The articular portion of the tubercle of the rib, and adjacent transverse process,

form an arthrodial joint, provided with a thin Gapsular ligament attached to

the circumference of the articulating surfaces, and enclosing a small synovial

membrane.

In the eleventh and twelfth ribs, this articulation is wanting.

Actions. The movement permitted in these joints is limited to a slight gliding

motion of the articular surfaces one upon the other.
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VII. Articulation of the Cartilages of the Ribs with the Sternum, etc.

(Fig. 126.)

The articulations ofthe cartilages of the true ribs with the sternum are arthrodial

joints. The ligaments connecting them are

—

Anterior Costo- Sternal.

Posterior Costo-Bternal.

Capsular.

126.—Costo-Sternal, Costo-Xiphoid, and Intercostal Articulations. Anterior View.

lltf- synmnwi/ cavities exposed

by a. vertical aeetion offthe Sternum k CaTtila0e6

tjontlvjwuji v/it/i jS^temu)/

The Anterior Custo-Sternal Ligament is a broad and thin membranous band
that radiates from 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 hiferior pass
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obliquely downwards, and the middle fasciculi horizoiitally. The superficial fibres

of this ligament are the longest ; they intermingle with the fibres of the 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 membrane, which
covers the surface of the sternum. This is more distinct at the lower than at the

upper part.

The Posterior Costo-Sternal Ligament, less thick and distinct than the ante-

rior, is composed of fibres which radiate from the posterior surface of the sternal

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.

Synovial Membranes. The cartilage of the first rib is directly continuous with

the sternum, without any synovial membrane. 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. That of the third rib has

also two synovial membranes ; and that of the fourth, fifth, sixth, and seventh,

each a single synovial membrane. Thus there are eight synovial cavities on each side

in the articulations between the costal cartilages of the true ribs and the sternum.

They may be demonstrated by removing a thin section from the anterior surface of

the sternum and cartilages, as seen in the figure. 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. The cartilage of the seventh

rib, and occasionally also that of the sixth, is connected to the anterior surface of

the ensiform appendix, by a band of ligamentous fibres, which varies in length

and breadth in difierent subjects. It is called the cosio-xiphoid ligament.

Actions. The movements which are permitted in the costo-sternal articulations,

are limited to elevation and depression ; and these only to a slight extent.

Articulations of the Cartilages of the Ribs with bach other

(Inter-Chokdral). (Pig. 126.)

The cartilages of the sixth, seventh, and eighth ribs articulate, by their lower

borders, with the corresponding margin of the adjoining cartilages, by means of

a small, smooth, oblong-shaped facet. Each articulation is enclosed in a thin

capsular ligament, lined by synovial m,embrane, and strengthened externally and
internally by ligamentous fibres (intercostal ligaments), which pass from one

cartilage to the other. Sometimes the cartilage of the fifth rib, 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.

Articdlations of the Ribs with their Cartilages (Costo-Chondral). (Fig. 126.)

The outer extremity of each costal cartilage is received into a depression in the

sternal end of the ri,bs, and held together by the periosteum.

Vlll. Ligaments of the Sternum.

The first and second pieces of the sternum are united by a layer of cartilage,

which rarely ossifies, except at an advanced period of life. These two segments

are connected by an anterior and posterior ligament. (See on this head p. 75 note.)
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Tlie anterior sternal ligament consists of a layer of fibres, Laving a longitudinal

direction ; it blends witli the fibres of the anterior costo-sternal ligaments on

both sides, and with the aponenrosis of origin of the Pectoralis major. This

ligament is rough, irregular, and much thicker at the lower than at the upper part

of the bone.

The posterior sternal ligament is disposed in a somewhat similar manner on the

posterior surface of the articulation.

IX. Articulation of the Pelvis with the Spine.

The ligaments connecting the last lumbar vertebra with the sacrum are similar

to those which connect the segments of the spine with each other, viz. :— i. 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 amph.iarthrodial joint. 3. Ligamenta subflava, connecting the

127.—Articulations of Pelvis and Hip. Anterior View.

arch of the last lumbar vertebra with the posterior border of the 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-
sacral and ilio-lumbar.

The Lumbo-sacral Ligament (6g. 127) 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

sacro-iliac ligament. This ligament is in relation in front with the Psoas muscle.

The Uio-limibar Ligament (fig. 127) passes hoi'izontally outwards from the

apex of the transverse process of the last lumbar vertebra, to the crest of the
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ilium immediately in front of the sacro-iliac articulation. It is of a triangular

form, thick and narrow internally, broad and thinner externally. It is in relation,

in front, with the Psoas muscle
; behind, with the muscles occupying the vertebral

groove ; above, with the Quadratus lumborum.

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. Articulatiom of the Sacrum and Ilium.

The sacro-iliac articulation is an amphiarthrodial joint, formed between the

lateral surfaces of the sacrum and ilium. The anterior or auricular portion of

each articular surface is covered with a thin plate of cartilage, thicker on the

sacrum than on the ilium. The surfaces of these cartilages in the adult are rough

and irregular, and separated from one another by a soft yellow pulpy substance.

At an early period of hfe, occasionally in the adult, and in the female during

pregnancy, they are smooth, and lined by a delicate synovial membrane. The
ligaments connecting these surfaces are the anterior and posterior sacro-iliac.

The Aiiterioi- Sacro-iliac Ligament (fig. 127) consists of numerous thin liga-

mentous bands, which connect the anterior surfaces of the sacrum and ilium.

The Posferio?' Sacro-iliac (fig. 128) is a strong interosseous lig-ament, situated

in a deep depression between the sacrum and ilium behind, and forming the

chief bond of connection between those bones. It consists of numerous strong

fasciculi, which pass between the bones in various directions. Three of these are

of large size ; the two superior, nearly horizontal in direction, arise from the first

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 surface

of the ilium. The third fasciculus, oblique in direction, is attached by one ex-

tremity 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 sometimes

called the ohliqiie saoro-iliac ligament.

2. Ligaments passing between the Sacrum and Ischium. (.Fig. 128.)

The Great Sacro-Sciatic (Posterior).

The Lesser Sacro-Sciatic (Anterior).

The Great or Posterior Sacro-Sciatic Liga^nent 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 on the sacrum, and
to the lower part of the lateral margin of that bone and the coccyx

;
passing

obliquely 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 ligament

has attached to it the obturator fascia, with which it forms a kind of groove, pro-

tecting the internal pudic vessels and nerve. One of its surfaces is turned towards

the perineeura, the other towards the Obturator internus muscle.

The posterior surface of this ligament gives origin, by its whole extent, to fibres

of the Gluteus maximus. Its anterior surface is united to the lesser sacro-sciatic

ligament. Its superior harder forms the lower boundary of the lesser sacro-
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sciatic foramen. Its loicer border forms jaart of the bonndarj'- of tlie perinasum.

It is pierced by the coccygeal branch of the sciatic artery.

The Lesser or Anterior Sacro-Sciaiia I/lgament, much 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; jjosterior^y, it i& covered

by the posterior ligament, and crossed by the internal pudic vessels and nerve. Its

superior border forms the lower boundary of the great sacro-sciatic foramen ; its

inferior border, part of the lesser 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 liga-

12S.—Articulations of Pelvis and Hip. Posterior View.

ment ; and below, by the lesser ligament. It is partially fiUed up, in the recent

state, by the Pyriformis muscle. Above this muscle, the gluteal vessels and

superior gluteal nerve emerge from the pelvis ; and below it, the ischiatic vessels

and nerves, the internal pudic vessels and nerve, and the nerve to the Obturator

internus. The inferior or lesstr sacro-sciatic foramen is bounded, in front, by the

tuber ischii ; above, by the spine and lesser ligament ; behind, by the greater

ligament. It transmits the tendon of the Obturator internus muscle, its nerve,

and the internal pudic vessels and nerve.

3. Articulation of the Sagkum and Coccyx.

This articulation is an amphiarthrodial joint, formed between the oval surface

on the apex of the sacrum, and the base of the coccyx. It is analogous to the
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joints between the bodies of the vertebree, and is connected by similar ligaments.

They are the

Anterior Sacro-Coccygeal.

Posterior Sacro-Coccygeal.

Interposed Pibro-Cartilage.

The Anterior Saoro-Goccijgeal 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-Ooocygeal Li,gament 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 deep-seated ; the latter extend from the apex of

the sacrum to the upper cornua of the coccyx. This ligament is in relation in

front with the arachnoid membi'ane of the sacral canal, a portion of the sacrum and

almost the whole of the posterior surface of the coccyx ; behind, with the Gluteus

maximus.

A Fiiro-Gartilage is interposed between the contiguous surfaces of the sacrum

and coccyx ; it differs from that interposed between the bodies of the vertebrse in

being thinner, and its central part more firm in texture. It is somewhat thicker

in front and behind than at the sides. Occasionally, a synovial membrane is

found when the coccyx is freely moveable, which is more especially the case

during pregnancy.

The difierent segments of the coccyx are connected together by an extension

downwards of the anterior and posterior sacro-coccygeal ligaments, a thin annnlar

disc of fibro- cartilage being interposed between each of the bones. In the adult

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 back-

wards ; they are very limited. Their extent increases during pregnancy.

4. Aeticulation of the Pubes. (Fig- 129-)

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 above under the name of symphysis, and the same name
is given to the joint. The ligaments of this articulation are the

Anterior Pubic. Posterior Pubic.

Superior Pubic. Sub-Pubic.

Interposed Fibro-Cartilage.

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 interlacement vidth the

fibres of the aponeurosis of the External oblique muscle. The deep fibres pass

transversely across the symphysis, and are blended with the fibro-cartilage.

The Posterior Pulia Ligament consists of a few thin, 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 Sub-Pubic Ligament is a thick, triangular arch of ligamentous fibres,

connecting together the two pubic bones below, and forming the upper boundary

of the iDubic arch. Above, it is blended with the interarticular fibro-cartilage

;
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laterally, witli the rami of tlie pubes. Its fibres are of a yellowish coloiu', closely

connected, and have an arched direction.

The Interposed Fibro-Cartilage consists of two oval-shaped plates, one

covering the surface of each symphysis pubis. They vary in thickness in

difierent subjects, and project somewhat beyond the level of the bones, especially

behind. The outer surface of each plate is firmly connected to the bone by a

series of nipple-like processes, which accurately fit within corresponding depres-

sions on the osseous surface. Their opposed surfaces are connected in the greater

part of their extent, by an intermediate elastic fibrous tissue ; and by their

circumference to the various ligaments surrounding the joint. An interspace is

left between the plates at the upper and back part of the articulation, where

the fibrous tissue is deficient, and the surface of the fibro-cartilage is lined by
epithelium. This space is found at all periods of life, both in the male and

female ; but it is larger in the latter, especially during pregnancy, and after

parturition. It is most frequently limited to the upper and back part of the joint

;

129.—Vertical Section of the Symphysis Pubis.

Made near its Posterior Surface.
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but it occasionally reaches to the front, and may extend the entire length of the

cartilage. This structure may be easily demonstrated, by making a vertical

section of the symphysis pubis near its posterior surface.

The Obturator Ligament is more properly regarded as analogous to the mus-

cular fasoias, with which it will therefore be described.

ARTICULATIONS OF THE UPPER EXTREMITY.

The articulations of the Upper Extremity may be arranged in the following

groups:—I. Sterno-clavicnlar articulation. II. Scapulo-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. XI. Articulations of the Phalanges.

I. Stekno-Claviculae Articulation. (Fig. 130.)

The Sterno-Clavicular is an arthrodial joint. The parts entering into its

formation are the sternal end of the clavicle, the upper and lateral part of the

first piece of the sternum, and the cartilage of the first rib. The articular surface
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of the clavicle is much larger than that of the sternum, and invested with a

layer of cartilage,* which is considerably thicker than that on the latter bone.

The ligaments of this joint are the

Anterior Sterno-Clavicnlar. Inter-Clavicular.

Posterior Sterno-Clavicnlar. Costo-Clavicular (rhomboid).

Interarticular Fibro- Cartilage.

The Anterior Sterno-Glavicular Ligament is a broad band of fibres, which covers

the anterior surface of the articulation, being attached, 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 front and upper part of the first piece of

the sternum. This ligament is covered in front by the sternal portion of the

Sterno-cleido-mastoid and the integument ; behind, it is in relation with the inter-

articular fibro-cartilage and the two synovial membranes.

The Posterior Sterno-Clavicular Ligament is a similar band of fibres, which

covers the jiosterior surface of the articulation, being attached, above, to the pos-

terior part of the inner estremity of the clavicle ; and which, passing obliquely

downwards and inwards, is connected, below, to the posterior and upper part of

130.—Sterno-Claviculai- Articulation. Anterior View.

the sternum. It is in relation, in front, with the interarticular fibro-cartilage and
synovial membranes ; behind, with the Stemo-hyoid and Sterno-thyroid muscles.

The Interclavicular Ligament is a flattened band, which varies considerably in

form and size in difi'erent individuals ; it passes from the 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 Oosto-Glavicular Ligament (rJiomloid') is short, flat, and strong : it is of

a rhomboid form, attached, below, to the upper and inner part of the cartilage of

the first rib : it ascends obliquely backwards and outwards, and is attached, above,

to the rhomboid depression on the under surface of the clavicle. It is in rela-

tion, in front, with the tendon of origin of the Subclavius ; behind, with the

subclavian vein.

The Interarticular Fibro-Gartilage 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 clavicle ; below, to the cartilage of

* According to Bruch, the sternal end of the clavicle is covered by a tissue, which ia

rather fibrous than cartilarinous in structure.
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the first rib, at its junction with the sternum : and by its circumference to the

anterior and posterior sterno-clavicular Hgaments. It is thicker at the circum-

ference, 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 ; when the fibro-cartilage is perforated, which not unfrequently occurs,

the synovial membranes communicate.

Of the tivo Synovial Membranes found in this articulation, one is reflected from

the sternal end of the clavicle, over the adjacent surface of the fibro-cartilage, 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 more loose of

the two. They seldom contain much synovia.

Actions. This articulation is the centre of the movements of the shoulder, and

admits of motion in nearly every direction—upwards, downwards, backwards,

forwards, as well as circumduction. ' The movements attendant on elevation and
depression of the shoulder take place between the clavicle and the interarticular

ligament, the bone rotating upon the ligament on an axis drawn from before back-

wards through its own articular facet. When the shoulder is moved forwards and

backwards, the clavicle, with the interarticular ligament, rolls to and fro on the

articular surface of the sternum, revolving, with a slightly sliding movement, round

an axis drawn nearly vertically through the sternum. In the circumduction of the

shoulder, which is compounded of these two movements, the clavicle revolves upon
the interarticular cartilage, and the latter, with the clavicle, rolls upon the sternum.' *

II. Scapulo-Clavicdlab Articulation. (Mg. 131.)

The Soapulo-Clavicular is an arthrodial joint, formed between the outer extre-

mity of the clavicle, and the upper edge of the acromion process of the scapula.

Its ligaments are the

Superior Acromio-Clavicular.

Inferior Acromio-Clavicular.

r Trapezoid
• Coraco-Clavicular s and

L Conoid.

Interarticular Fibro-Cartilage.

The Superior Acromio-Clavicular Ligament is a broad band, of a quadrilateral

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 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 and synovial membranes.

The Inferior Acromio-Glavicular Ligament, somewhat thinner than the preceding,

covers the under part of the articulation, and is attached to the adjoining surfaces

of the two bones. It is in relation, above, with the interarticular fibro-cartilage

(when it exists) and the synovial membranes ; below, with the tendon of the

Supraspinatus. These two ligaments are continuous with each other in front and

behind, and form a complete capsule around the joint.

The Goraco-Olavicular Ligament serves to connect the clavicle with the coracoid

process of the scapula. It consists of two fasciculi, called the trapezoid and conoid

ligaments. .

The trapenoid ligament, the anterior and external fasciculus, is broad, thin, and

quadrilateral : it is 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,

* IIuMriiET, On the Human Skeleton, p. 402.
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The conoid ligament, the posterior and internal fasciculus, is a dense band of

fibres, conical in form, the base being turned upwards, the summit downwards.

It is attached by its apex to a rough depression at the base of the coracoid process,

internal to the preceding ; above, by its expanded base, to the conoid tubercle on

the under surface of the clavicle, and to a line proceeding internally from it for

half an inch. These ligaments are in relation, in front, with the Subclavius
;

behind, with the Trapezius : they serve to limit rotation of the scapula forwards

and backwards.

The Interai-tictdar Fibro-Cartilage is most 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

the joint into two cavities.

131.—The Left Shoulder-Joint, Scapulo-Olavieular Articulations,

and Proper Ligaments of Scapula.

There are two Synovial Membranes when a complete intei'articular cartilage

exists ; more frequently there is only one synovial membrane.
Actions. The movements of this articulation are of two kinds, i. A gliding

motion of the articular end of the clavicle on the acromion. 2. Rotation 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 scapulo-clavicnlar joint has important functions in the movements of the

upper extremity. It has been well pointed oat by Prof. 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 both shoulders back or forward) 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 forward with the full force of the arm, that is to

say, with the combined force of the scapula, arm, and forearm. ' This joint,' as he



174 ARTICULATIONS.

happily says, ' is so adjusted • as to enable either bone to 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 round-about swing, to look the same way in

every position, or nearly so.' Again, when the whole arch 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.

III. Proper Ligaments of the Scapula. (Fig. 131.)

The proper ligaments of the scapula are, the

Coraco-acromial. Transverse.

The Goraco-acromial Ligament is a broad, thin, flat band, of a triangular shape,

extended transversely above the upper part of the shoulder-joint, between the

coracoid and acromion processes. It is attached, by its apex, to the summit of the

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 outwards, its anterior fibres transversely.

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 Supra-

spinatus 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.

The Transverse or Coracoid Ligament converts the suprascapular notch into

a foramen. It is a thin and flat fasciculus, narrower at the 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 above it.

IV. Shoulder-Joint. (Fig. 131.)

The Shoulder is an enarthrodial or ball-and-socket joint. The bones entering

into its formation, are the large globular head of the humerus, received into

the shallow glenoid cavity of the scapula, an arrangement which permits of very

considerable movement, whilst the joint itself is protected against displacement

by the strong ligaments and tendons which surround it, and above by an arched

vault, formed by the under surface of the coracoid and acromion processes, and
the coraco-acromial ligament. The articular surfaces are covered by a layer of

cartilage : that on the head of the humerus is thicker at the centre than at the

circumference, the reverse being the case in the glenoid cavity. The ligaments of

the shoulder are, the

Capsular. Coraco-humeral.

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 than below,

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 strengthened, above, by the Supra-

spinatus ; above and internally, by the coraco-humeral ligament ; below, by the

* The long tendon of origin of the Biceps muscle also acts as one of the ligaments of
this joint. See the observations on pp. 150, 151, on the function of the muscles passing,

over more than one joint.
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long head of the Triceps ; externally, by the tendons of the Infraspinatus and

Teres minor ; and internally, by the tendon of the Subscapnlaris. The capsular

ligament usually presents three openings : one at its inner side, below the coracoid

process, partially filled up by the tendon of the Subscapularis ; it establishes a

communication between the synovial membrane of the joint and a bursa beneath

the tendon of that muscle. 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 Goraao-lmmeral or Accessory Ligament is a broad band which strengthens

the upper and inner part of the capsular ligament. It arises from the outer border

of the 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 Glenoid Ligament is a firm fibrous band attached round the margin of the

glenoid cavity. It is triangular on section, the thickest portion being fixed to the

circumference of the cavity, the free edge being thin and sharp. It is continuous

above with the long tendon of the Biceps muscle, which bifurcates at the upper

part of the cavity into two fasciculi, encircling the margin of the glenoid cavity

and uniting at its lower part. This ligament deepens the cavity for articulation,

and protects the edges of the bone. It is lined by the synovial membrane.

The Synovial Membrane lines the margin of the glenoid cavity and 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 covering the head of the bone.

The long tendon of the Biceps muscle which passes through the capsular ligament,

is 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 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 at the inner side of the capsular ligament ; it also

occasionally communicates with another bursal sac, beneath the tendon of the

Infraspinatus, through an orifice at its outer part. A third bursal sac, which does

not communicate with 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 Infra-

spinatus, 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 cii'cumflex and suprascapular.

Actions. The shoulder-joint is capable of movement in every direction, forwards,

backwards, abduction, adduction, circumduction, and rotation.

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

joint enjoys so free movement in every possible direction. When these movements
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
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the muscles acting as accessory ligaments, ttey can be carried considerably further

by the movements of the scapula, involving, of course, motion at the coraco- 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 somewhat forward, 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 forward is less, and that directly

backward 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 supple-

mental 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 ' abduc-

tion is checked by the contact of the great tuberosity with the upper edge of the

glenoid cavity, adduction by the tension of the coraco-humeral 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 sub-

serve 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 previously adverted to.f 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, wheu the deltoid

contracts, instead of forming the centre of motion in the glenoid cavity. By its

passage along the bicipital groove it assists to render the head of the humerus
steady iia the various movements of the arm and forearm. To these offices Prof.

Humphry adds, that ' it assists the supra- and infraspinatus muscles to cause the

head of the humerus to revolve in the glenoid cavity when the arm is raised from,

the side, and that it holds the head of the humerus firmly in contact with the

glenoid cavity, and prevents its slipping over the lower edge of the cavity or

being displaced by the action of the latissimus dorsi and pectoralis major when the

arm is raised from the side, as in climbing and many other movements.'

. v. Elbow-Joint.

The Elboiv is a ginglymiis or hinge joint. The bones entering Into its forma-

tion are the trochlear surface of the humerus, which is received in the greater

sigmoid cavity of the ulna, and admits of the movements peculiar to this joint,

those of flexion and extension, whilst the cup-shaped depression on the head of the

I'adius articulates with the lesser, or radial, head of the humerus, and the circumfer-

' See pp. 172, 173. -j- Seep. 150.
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ence of the head of the radius with the lesser sigmoid cavity of the ulna, allowing

of the movement of rotation of the radius on the ulna, the chief action of the

superior radio-ulnar articulation. The articular surfaces are covered with a thin

layer of cartilage, and connected together by the following ligaments :

—

Anterior.

Posterior.

Internal Lateral.

External Lateral.

132.—Left Elbow-Joint, showing Anterior
and Internal Ligaments.

The orbicular ligament of the upper radio-ulnar articulation must also be

reckoned among the ligaments of the elbow.

The Anterior Ligament (fig. 132) is a broad and thin fibrous layer, which covers

the anterior surface of the joint. It is attached 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 superficial or oblique fibres pass from the

inner condyle of the humerus outwards to the orbicular ligament. The middle
fibres, vertical in direction, pass from the upper part of the coronoid depression,

and become blended with the preceding. A third, or transverse set, intersect

these at right angles. This ligament is

in relation, in front, with the Brachialis

anticus ; behind, with the synovial mem-
brane.

The Posterior Ligament (fig. 133) is a

thin and loose membranous fold, attached,

above, to the lower end of the humerus,

immediately above the olecranon fossa

;

below, to the margin of the olecranon.

The superficial or transverse fibres pass

between the adjacent margins of the

olecranon fossa. The deeper portion con-

sists of vertical fibres, which pass from

the upper part of the olecranon fossa to

the margin of the olecranon. This liga-

ment is in relation, behind, with the ten-

don of the Triceps and the Anconeus ; in

front, with the synovial membrane.

The Internal Lateral Ligament (fig.

132) is a thick triangular band, consist-

ing of two distinct portions, an anterior

and posterior. The anterior portion, di-

rected obliquely forwards, is attached,

above, by its apex, to the front part of

the internal condyle of the humerus
;

and, below, by its broad base, to the

inner margin of the coronoid process.
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Bl ll^^^^^v \ lation, internally, with the Triceps and

^^___1J^^^^^^^^^ Plexor carpi ulnaris muscles, and the

ulnar nerve.

The External Lateral Ligament (fig. 133) is a short and narrow fibrous fasci-

culus, less distinct than the internal, attached, above, to the external condyle of the

humerus
; below, to the orbicular ligament, some of its most posterior fibres passing

over that ligament, to be inserted into the outer margin of the ulua. This ligament
is intimately blended with the tendon of origin of the Supinator brevis muscle.

N
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133.—Left Elbow-Joint, showing Posterior

and External Ligaments.

The Synovial Memhrane is very extensive. It covers the margin of the arti-

cular surface of the humerus, and lines the coronoid and olecranon fossse on
that bone ; from these poijits, 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.

The Muscles in relation with the joint

are, in front, the Brachialis anticus ; be-

hind, the Triceps and Anconeus
; exter-

nally, the Supinator brevis, and the com-

mon tendon of origin of the Extensor

muscles ; internally, the common tendon

of origin of the Flexor muscles, and the

Plexor carpi ulnaris, with the ulnar nerve.

The Arteries supplying the joint are

derived from the communicating branches

between the superior profunda, inferior

profunda, and anastomotic branches of

the brachial, with the anterior, posterior,

and interosseous recun-ent branches of the

ulnar, and the recurrent branch of the

radial. These vessels form a complete

chain of inosculation around the joint.

The Nerves are derived from the ulnar,

as it passes between the internal condyle

and the olecranon ; and a few filaments

from the musculo-cutaneous.

Actions. The elbow joint comprises

three different portions : viz., the joint be-

tween the ulna and humerus, that between

the head of the radius and the humerus,

and the superior radio-ulnar articulation,

described below. All these articular sur-

faces are invested by a common synovial membrane, and the movements of the

whole joint should be studied together. The combination of the movements of

flexion and extension of the forearm with those of pronation and supination of the

hand, which is ensured 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 hinge-joint,

and allows of movements of flexion and extension only. The shape of the trochlear

surface of the humerus, with its prominences and depressions accurately adapted

to the opposing surfaces of the olecranon, prevents any lateral movement. In the

ordinary position assumed by the humerus, when resting on the prominent internal

condyle, this direct movement of flexion carries the hand inwards, towards the

chest and mouth.

The joint between the head of the radius and the capitellum or radial head of

the humerus is an arthrodial joint. The bony sm-faces would of themselves con-

stitute an enarthrosis and allow of movement in all directions, 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 plainly felt at the back of the joint.

* Humphry, op. cit. p. 419.
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In combination with 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 sig-

moid 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 triangular fibro-cartilage. Thus, rotation of the head of the radius

round an axis which passes through the external condyle of the humerus, imparts

circular movement to the hand through a very considerable arc. If it is necessary

to turn the hand upwards and downwards without changing its place (as in using

a corkscrew), this circular movement is obviated by rapid instinctive compensating

changes in the position of the elbow.

VI. Radio-Ulnar Aeticdlations.

The articulation of the radius with the ulna 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.

1. SuPEEiOR Radio-Ulnae Aeticulation.

This articulation is a lateral ginglymus. The bones entering into its forma-

tion are the inner side of the circumference of the head of the radius

rotating within the lesser sigmoid cavity of the ulna. These surfaces are covered

with cartilage, and invested with a duplicature of synovial membrane, continuous

with that which lines the elbow-joint. Its only ligament is the annular or orbi-

cular.

The Orbicular Ligament (fig. 1 33) is a strong, flat band of ligamentous fibres,

which surrounds the head of the radius, and retains it. in firm connection with the

lesser sigmoid cavity of the ulna. It forms about three-fourths of a fibrous ring,

attached by each end to the extremities of the lesser sigmoid cavity, and is broader

at the upper part of its circumference than below, 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 afibrds origin to part of the Supinator

brevis muscle. Its inner surface is smooth, and lined by synovial membrane.

Actions. The movement which takes place in this articulation is limited to

rotation of the head of the radius within the orbicular ligament, and upon the

lesser sigmoid cavity of the ulna ; rotation forwards being called pronation

;

rotation backwards, supination.

2. Middle Radio-Ul^ae Articulation.

The interval between the shafts of the radius and ulna is occupied by two
ligaments.

Oblique. Interosseous.

The Oblique or Bound Ligament (fig. 132) is a small, round fibrous cord, 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 Inierosseous Membrane is a broad and thin plane of aponenrotic fibres,

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 be-

neath the tubercle of the radius ; is broader in the middle than at either extremity
;

and presents an oval aperture 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

N 2
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deep muscles. Between its upper border and the oblique ligament an interval

exists, througb which the posterior interosseous vessels pass. Two or three fibrous

bands are occasionally found on the postei'ior 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 poUicis on the outer side, and with the

Plexor profundus digitorum on the inner, lying upon the interval between which

are the anterior interosseous vessels and nerve, by its lower fourth with the Pro-

nator quadratus ; behind, with the Supinator brevis. Extensor ossis metacarpi

pollicis, Extensor primi internodii polliois, Extensor secundi internodii poUicis,

Extensor indicis ; and, near the wrist, with the anterior interosseous artery and

posterior interosseous nerve.

3. Infeeioe Radio-Ulnab Articulation.

This is a lateral ginglymus, formed by the head of the ulna 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 :

—

Anterior Kadio-ulnar.

Posterior Radio- ulnar.

Triangular Interartieular Fibre-cartilage.

The Anterior Badio-idnar Ligament (fig. 134) is a narrow band of fibres, ex-

tending from the anterior margin of the sigmoid cavity of the radius to the anterior

surface of the head of the ulna.

The Posterior Badio-ulnar Ligament (fig. 135) extends between similar points

on the posterior surface of the articulation.

The Triangidwr Fibro-cartilage (fig. 136, p. 186) is placed transversely beneath

the head ofthe ulna, binding the lower end of this bone and the radius firmlytogether.

Its circumference is thicker than its centre, which is thin and occasionally per-

forated. It is attached by its apex to 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 carj^al articulating surface. Its margins are united to the ligaments of the

wrist-joint. Its upper surface, smooth and concave, is contiguous with the head

of the ulna ; its under surface, also concave and smooth, 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. 136) of this articulation has been called, from its

extreme looseness, the membrana sacciformis ; it covers the margin of the articular

surface of the head of the ulna, and where reflected from this bone on to the radius,

forms a very loose cul-de-sac ; from the radius, it is continued over the upper surface

of the fibro-cartilage. The quantity of synovia which it contains is usually

considerable. When the fibro-cartilage is perforated, the synovial membrane is

continuous with that which lines the wrist.

Actions. The arrangement in the inferior radio-ulnar articulation is just

. the reverse of that between the two bone.? above ; motion is limited to rotation

of the radius round the head of the ulna ; rotation forwards being termed
pronation, rotation backwards" sMjjt'raaiio?;,. In pronation, the sigmoid cavity glides

forward on the articular edge of the ulna ; in supination, it rolls in the opposite

direction, the extent of these movements being limited by the anterior and pos-

terior ligaments.

VII. Radio-caepal or Wrist-Joint.

The Wrist presents some of the characters of an enarthrodial joint, but is more
correctly regarded as an arthrodia. The parts entering into its formation are, the
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lower end of tlie radius, and under surface of the triangular interarticular fibre-

cartilage above ; and tlie scaphoid, semilunar, and cuneiform bones below. The

134.—Ligaments of Wrist and Hand. Anterior View.

INFERIOR RADIO-ULNAR ARTIC •

WRIST-JOINT

CARPAL ARTIC!?

CARPO-METACARPAL ARTIC t!

articular surfaces of the radius and interarticular fibro-cartilage form a transversely

elliptical concave surface. The surface of the radius is subdivided into two parts by

a line extending from before backwards ; and these, together with the interarticular

135.—Ligaments of Wrist and Hand. Posterior View.

Wrist-loLnt

Car£ai A-rtcc"

Cai^ o-^fetacarpal

ArticW

cartilage, form three facets, one for each carpal bone. The three carpal bones are

connected together, and form a convex surface, which is received into the concavity
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above mentioned. AU the bony surfaces of tbe articulation are covered witli car-

tilage, and connected together by the following ligaments :

—

External Lateral. Anterior.

Internal Lateral. Posterior.

The External LateralLigament (radio-carpal) (fig. 134) 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 ligament.

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 into two fas-

ciculi, which are attached, one to the inner side of the cuneiform bone, the other to

the pisiform bone and annular ligament.

The Anterior Ligament is a broad membranous band, consisting of three fasci-

culi, attached, above, to the anterior margin of the lower end of the radius, its

styloid process, and the ulna ; its fibres pass downwards and inwards, to be

inserted into the palmar surface of the scaphoid, semilunar, and cuneiform

bones. This ligament is perfoi'ated by numerous apertures for the passage

of vessels, and is in relation, in front, with the tendons of the Flexor profundus

digitorum and Flexor longus pollicis ; behind, with the synovial membrane of the

wrist-joint.

The Posterior Ligament (fig. 135), less thick and strong than the anterior, is at-

tached, above, to the posterior border of the lower end of the radius ; its fibres pass

obliquely downwards and inwards to be attached to the dorsal surface of the sca-

phoid, 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 synovial membrane of the wrist.

The Synovial Membrane (fig. 136) lines the under surface of the triangular inter-

articular fibro -cartilage above ; and is reflected on the inner surface of the ligaments

just described.

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 Arteries supplying the joint are the anterior and posterior carpal branches

of the radial and ulnar, the anterior and posterior interosseoas, and some ascending

branches from the deep palmar arch.

The Nerves are derived from the ulnar and posterior interosseous.

Actions. The movements permitted in this joint are flexion, extension, abduc-

tion, adduction, and circumduction. It is totally incapable of rotation, one of the

characteristic movements in true enarthrodial joints. Its actions will be further

studied with those of the carpus, with which they are combined.

VIII. Aeticulations of the Carpus.

These articulations may be subdivided into three sets.

1. The Articulations of the First Row of Carpal Bones.

2. The Articulations of the Second Row of Carpal Bones.

3. The Articulations of the Two Rows with each other.

I. Aeticulations op the First Row op Caepal Bones.

These are arthrodial joints. The articular surfaces are covered with cartilage,

and connected together by the following ligaments :

—

Two Dorsal. Two Palmar.

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 scaphoid and semilunar, and the semilunar
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and cuneiform bones ; they are less strong than the dorsal, and placed very deep
under the anterior ligament of the wrist.

The Interosseous Ligaments (fig. 136) are two narrow bundles of fibrous tissue,

connecting the semilunar bone, on one side with the scaphoid, on the other with
the cuneiform. They close the upper part of the interspaces between the scaphoid,

semilunar, and cuneiform bones, their upper surfaces being smooth, and lined by the
synovial membrane of the wrist-joint.

The articulation of the pisiform with the cuneiform is provided with a separate

synovial membrane, protected by a thin capsular ligament. There are also two
strong fibrous fasciculi, which connect this bone to the unciform and the base of

the fifth metacarpal bone (fig. 134).

2. Articulations op the Skcond Row op Carpal Bones.

These are also arthrodial joints. The articular surfaces are covered with carti-

lage, and connected by the following ligaments :

—

Three Dorsal. Three Palmar.

Two Interosseous. *

The tJiree Dorsal Ligaments extend transversely fi-om one bone to another on the

dorsal surface, connecting the trapezium with the trapezoid, the trapezoid with the

OS magnum, and the os magnum with the unciform.

The three Palmar Ligaments have a similar arrangement on the palmar surface.

The tioo Literosseous Ligaments, much thicker than those of the first row, are

placed one on each side of the os magnum, connecting it with the trapezoid

externally, and the unciform internally. The former is less distinct than the

latter.

3. Articulations of the Two Rows op Carpal Bones with each other.

The articulations between the two rows of the carpus consist of a joint in the

middle, formed by the reception of the head of the os magnum into a cavity

formed by the scaphoid and semilunar bones, and of an arthrodial joint on each

side, the outer one formed by the articulation of the scaphoid with the trapezium

and trapezoid, the internal one by the articulation of the cuneiform and unciform.

The articular surfaces are covered by a thin layer of cartilage, and connected by
the following ligaments :

—

Anterior or Palmar. External Lateral.

Posterior or Dorsal. Internal Lateral.

The Anterior or Palmar Ligaments consist of short fibres, which pass obliquely

between the bones of the first and second row on the palmar surface.

The Posterior or Dorsal Ligaments have a similar arrangement on the dorsal

surface of the carpus.

The Lateral Ligaments are very short ; they are placed, one on the radial, the

other on the ulnar side of the carpus ; the former, the stronger and more distinct,

connecting the scaphoid and trapezium bones, the latter the cuneiform and unci-

form ; they are continuous with the lateral ligaments of the wrist-joint.

The common Synovial Membrane of the Garpus is very extensive ; it lines the

under surface of the scaphoid, semilunar, and cuneiform bones, sending upwards

two prolongations between their contiguous surfaces ; it is then reflected over the

bones of the second row, and sends down three prolongations between them, which
line their contiguous surfaces, and invest the carpal extremities of the four inner

metacarpal bones. There is a separate synovial membrane between the pisiform

and cuneiform bones.

Actions. The articulation, of the hand and wrist, considered as a whole, is divided

by Meyer* into three parts :— i. The radius and the triangular cartilage. 2. The

* Beiohert u. Du Bois Reymond, Archiv, 1866.
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hand proper, viz., the metacarpal bones with the four carpal bones on which they

are supported, the unciform, os magnam, trapezoid, and trapezium ; and 3. The
meniscus, formed by the cuneiform, semilunar, and scaphoid ; the pisiform bone

having no essential part in the movements of the hand.

These three elements form two joints :— i. The anterior between the hand and

meniscus (transverse carpal joint, as it may be called), mainly ginglymoid in cha-

racter ; 2. The posterior (wrist-joint proper) between the meniscus and bones of

the forearm, chiefly arthrodial.

1. The joint between the meniscus and the other four bones of the carpus is

subdivided into three portions—the central formed between the deep cup of the semi-

lunar above and the head of the os magnum with the adjacent part of the unciform

below, is a ginglymoid joint in which some rotation is allowed ; the radial portion

formed by the scajihoid articulating with a portion of the os magnum, the trape-

zoid, and trapezium, represents also a ginglymoid joint in which rotation is

permitted ; while the ulnar portion or articulation of the cuneiform with the

unciform partakes more of the arthrodial character. The axes of movement of

these joints are inclined to each other at a considerable angle, so that in flexion of

*the hand on the forearm the carpal bones are brought together, and on the con-

trary are separated in extension.

Extension of the hand on the forearm or dorsi-flexion Meyer divides into three

movements, corresponding to the three portions of the transverse joint. In the first

the semilunar moves in its hinge-joint around the head of the os magnum and the edge

of the unciform until its motion is checked by its bony surface coming into contact

with the adjoining portions of those bones. The second part of the movement con-

sists of a hinge-like motion of the scaphoid round the os magnum continued by a

rotation of the same bone on a pivot formed by the head of the os magnum until it

is checked by the tension of the ligaments uniting it to the trapezium and trapezoid.

The third part is effected by the cuneiform which glides outwards or towards the

radial side on the unciform to a certain extent and carries the semilunar with it,

so that it is disengaged from its contact with the os magnum and unciform, and

undergoes a further separation from those bones towards the radial side.

Flexion of the hand on the forearm, or palmar flexion, is accomplished by the

semilunar (-^^'ith the cuneiform) hinging around the os magnum and unciform, and

the scaphoid moving in the same sense until the movement is checked by these two

bones coming together.

It follows from this that the movement of extension in this joint is considerable,

while that of flexion is but slight.* A very trifling rotation is permitted around

the head of the os magnum as a pivot ; but only to the extent which is deter-

mined by the tension of the ligaments connected with that bone.

2. The articulation between the forearm and carpus is foi'med chiefly by the

radius articulating with the scaphoid and semilunar, the articulation between the

triangular cartilage and cuneiform being of subordinate importance. The ridge

which divides the two concave surfaces on the end of the radius is the centre of

jnotion in the chief part of the joint. This ridge is so inclined as to represent a

portion of a spiral line passing from the point of the styloid process of the ulna to the

ridge on the scaphoid which fits in between the trapezium and trapezoid. The
result of this arrangement is that in flexion and extension of the hand, its radial

border describes more of a curve than its ulnar, which moves more parallel to the

axis of the forearm. The ulnar border of the hand is also brought more towards

the middle line of the forearm than its radial—the meniscus (carrying the hand
with it) is displaced towards the radial side in extension and towards the ulnar

in flexion. As above noted, extension takes place to a considerable extent

in the transverse carpal joint as well as in the wrist-joint, while flexion takes place

chiefly in the latter.

With regard to abduction and adduction of the hand (or ' radial ' and ' ulnar '

* It may not be amiss to note that Prof. Humphry attributes a very considerable share in

the flexion of the hand to this transverse carpal joint, and believes that extension in the
wrist-joint is more free than flexion. T/ie Human Skeleton, p. 430.
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flexion), ttese also are effected chiefly in the latter joint or indeed entirely, if

considered accurately, i.e. if the terms are limited, as in strictness they should be,

to movements in the plane which passes through the axis of the forearm and the

straight line joining the styloid processes of the radius and ulna when these

bones are at rest on each other. In abduction or radial flexion, the tubercle

of the scaphoid glides towards the styloid process of the radius, carrying the

meniscus towards the ulnar side, till its movement is stopped by the tension of

the internal lateral ligament of the wrist, and by atmospheric pressure. The

same traction which pulls the hand to the radial side, exerts, however, an

influence on the transverse carpal joint which produces a movement of extension

or dorsi-flexion, and as the meniscus follows this movement to a slight extent,

the tubercle of the scaphoid is disengaged to some degree from its contact with the

styloid process of the radius, and the abduction can be then carried a little further.

From this it follows that any considerable abduction of the hand must also be

combined with extension. The force which produces abduction Meyer regards as

being usually the resultant of the action of the combined tendons of the Flexor

carpi radialis and the two Extensores carpi radiales, passing through the posterior

part of the axis of the scaphoid bone.

Adduction, or ulnar flexion, of the hand is less opposed than abduction. In this

movement, the semilunar is drawn across the ridge on the radius dravring with it

the cuneiform along the face of the triangular fibro-cartilage. This movement
does not tend to separate the scaphoid very much from the radius, since the curved

surface formed by the end of the radius and its styloid process, is much the same in

shape as the opposed surface of the scaphoid
;
consequently, the movement of

adduction is much more extensive and uncomplicated than that of abduction. It

is easily combined with flexion or extension, by preponderating actions of the Flexor

Or Extensor carpi ulnaris respectively, but extension is much more easily permitted

than flexion.

IX. Caepo-Metacaepal Articulations.

1. Aetichlation of the Metacarpal Bone op the Thumb with the Tbapezidm.

This is an arthrodial joint, which enjoys great freedom of movement, on

account ofthe configuration of its articular surfaces, which are saddle-shaped, so that,

on section, each bone appears to be received into a cavity in the other, according

to the direction in which they are cut. Hence this joint is sometimes described

as one ' by reciprocal reception.' Its ligaments are a capsular and synovial

membrane.

The ccvpsular 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.

2. Articulations op the Metacarpal Bones op the Fingers with the Carpus.

The joints formed between the carpus and four inner metacarpal bones are

connected together by dorsal, palmar, and interosseous ligaments.

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 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.

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 the

Flexor carpi radialis ; a middle one, from the os magnum ; and an internal one

from the unciform.

The Literosseous Ligaments consist of short thick fibres, which are limited to one
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part of the carpo-metacarpal articulation ; they couneet the contiguous inferior

angles of the os magnum and unciform with the adjacent surfaces of the third and
fourth metacarpal bones.

The Synovial Memhrane is a continuation of that between the two rows of

cai'pal bones. Occasionally, the articulation of the unciform with the fourth and
fifth metacarpal bones has a separate synovial membrane.

The Synovial Membranes of the wrist (fig. 136) are thus seen to be five in

1 36.—Vertical Section through the Articulations at the Wrist, showing the Five
Svnovial Memhranes.

number. The first, the membrana sacciformis, lines the lower end of the ulna,

the sigmoid cavity of the radius, and upper surface of the triangular interarticular

fibro-cartilage. The second lines the lower end of the radius and interarticular

fibro-cartilage above, and the scaphoid, semilunar, and cuneiform bones below.

The third, the most extensive, covers the contiguous surfaces of the two rows of

carpal bones, and passing between the bones of the second row, lines the carpal

extremities of the four inner metacarpal bones. The fourth lines the adjacent

surfaces of the trapezium and metacarpal bone of the thumb. The fifth lines the

adjacent surfaces of the cuneiform and pisiform bones.

Actions. The movement permitted in the carpo-metacarpal articulations 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 of the metacarpal bone of the

thumb with the trapezium is most moveable, then the fifth metacarpal, and then

the fourth. The second and third are almost immoveable. In the articulation of

the metacarpal bone of the thumb with the trapezium, the movements permitted

are flexion, extension, adduction, abduction, and circumduction.

3. Articulations op the Metacarpal Bones with each other.

The carpal extremities of the metacarpal bones articulate with 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.
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The Synovial Membrane lining the lateral facets is a reflection from that

between the two rows of carpal bones.

The digital extremities of the metacarpal bones are connected together by a

narrow fibrous band, the transverse ligament (fig. 137) which passes transversely

across their anterior surfaces, and is blended with the ligaments of the metacarpo-

phalangeal articulations. Its anterior surface presents four grooves for the passage

of the flexor tendons. Its posterior surface blends with the ligaments of the

metacarpo-phalangeal articulations.

X. Metacarpo-phalangeal Articulations. (Fig. 137.)

These articulations are of the ginglymus kind, formed by the reception of the

rounded head of the metacarpal bone into a superficial cavity in the extremity of

the first phalanx. They are connected by the following ligaments :

—

Anterior. Two Lateral.

The Anterior Ligaments {Olenoid Ligaments of Cruveilhier) are thick, dense,

and fibro-cartilaginous in tex-
137.—Articulations of the Phalanges. ture. Each is placed on the

|! palmar surface of the joint, in

I
the interval between the late-

ral ligaments, to which they

are connected ; they are loose-

ly united to the metacarpal

bone, but very firmly to the
Mttacarpa-pludangeal. b^se of the first phalanges.

Their palmar surface ia in-

timately blended with the

transverse ligament, forming

a groove for the passage of

the flexor tendons, the sheath

surrounding which is con-

nected to each side of the

groove. By their deep sur-

face, they form part of the

articular surface for the head

of the metacarpal bone, and
are lined by a synovial mem-
brane.

The Lateral Ligaments are

strong rounded cords, placed

one on each side of the joint,

each being attached by one

extremity to the tubercle on
the side of the head of the

metacarpal bone, and by the

other to the contiguous ex-

tremity of the phalanx.

The posterior ligament is

supplied by the extensor ten-

don placed over the back of

each joint.

Actions. The movements which occur in these joints are flexion, extension,

adduction, abduction, and circumduction ; the lateral movements are very limited.

XI. 4-KTICULATIONS QV THE PHALANGES.

These are ginglymus joints, connected by the following ligaments :

—

Anterior. Two Lateral.

FhwXebn^eal
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The ai'rangement of these ligaments is similar to those in the metacai'po-pha-

langeal articulations ; the extensor tendon supplies the place of a posterior

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 the extension is limited by the anterior and lateral ligaments.

ARTICULATIONS OF THE LOWER EXTREMITY.

The articulations of the Lower Extremity comprise the following groups :

—

I. 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
tarso-metatarsal articulations. VII. The metatarso-phalangeal articulations.

VIII. The articulations of the phalanges.

138.—Left Hip-Joint laid open.

\ //

t. Sip-Joint. (Fig. 138.)

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 with the exception of a depression just below its centre at the ligamen-

tum teres ; that covering the acetabulum is much thinner at the centre than at the

circumference, being deficient in the situation of the circular depression at the

bottom of the catity. The ligaments of the joint are the

Capsular. Teres.

Ilio^femoral, Cotyloid.

Transverse.
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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 cotyloid ligament ; but opposite the notch where the margin of this cavity

is deficient, it is connected with the transverse ligament, and by a few fibres to the

edge .
of the obturator foramen. Its loiver circtimference surrounds the neck of

the femur, being attached, in front, to the spiral or anterior intertrochanteric line
;

above, to the base of the neck ; behind, to the middle of the neck of the bone,

about half an inch above the posterior intertrochanteric line. It is much thicker

at the upper and fore part of the joint where the greatest amount of resistance is

required, than below, where it is thin, loose, and longer than in any other part.

' Its external surface (fig. 127, p. 166) is rough, covered by numerous muscles, and
separated in front from the Psoas and Iliacus by a synovial bursa, which not un-

frequently communicates by a circular aperture with the cavity of the joint. It

139.—The Hip-Joint laid open from the Pelvis, to show the Lioramentum Teres put on the
stretch hy rotation of the Femiu' outwards.

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 (fig. 127) is an accessory band of fibres, extending

140.—The same view of the Hip as in the former figure, to show the Lig-amentiuu Teres
put on the stretch by adduction in the flexed position.

obliquely across the front of the joint ; it is intimately connected with the capsular

ligament, and serves to strengthen it in this situation. It is attached, above, to the
anterior inferior spine of the ilium ; below, to the anterior intertrochanteric line.
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Its lower part is sometimes bifurcated, an arrangement wliicli Bigelow seems to re-

gard as the usual one, so that he describes it under the name of ' the Y-ligament.' *

The Ligamentmn Teres is a triangular band of fibres, implanted, by its apex,

into the depression a little behind and below the centre of the head of the femur,

and by its broad base, which consists of two bundles of fibres, into the margins of

the notch at the bottom of the acetabulum, becoming blended with the transverse

ligament. It is formed of a bundle of fibres, the thickness and strength of which
are very variable, surrounded by a tubular sheath of synovial membrane. Some-
times, only the synovial fold exists, or the ligament may be altogether absent.

The use of the round ligament is to check rotation outwards, as well as adduction

in the flexed position (figs. 139, 140) : it thus assists in preventing dislocation of the

head of the femur forwards and outwards, an accident likely to occur from the

necessary mechanism of the joint, if not provided against by this ligament and the

thick anterior part of the capsule.

t

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 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 surfaces are invested by synovial mem-
brane, the external one being in contact with the capsular ligament, the internal

one being inclined inwards so as to narrow the acetabulum and embrace the

cartilaginous surface of the head of the femur. It is much thicker above and
behind than below and in front, and consists of close compact fibres, which arise

from different points of the circumference of the acetabulum, and interlace with

each other at very acute angles.

The Transverse Ligament is a strong flattened band of fibres, which crosses the

notch at the lower part of the acetabulum, and converts it into a foramen. It is

continuous at each side with the cotyloid ligament. An interval is left beneath

the ligament for the passage of nutrient vessels to the joint.

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 wdthin the joint ; from the head 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 fossa at the bottom of the aceta-

bulum, and is prolonged in the form of a tubular sheath around the ligamentum

teres, as far as the head of the femur.

The muscles in relation wdth the joint are, in front, the Psoas and Iliacus,

separated fi-om the capsular ligament by a synovial bursa; above, the straight 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 iuternus, Gemellus inferior, Obturator externus, and
Quadratus femoris.

The arteries supplying the joint are derived from the obturator, sciatic, in-

ternal circumflex and gluteal.

The Nerves are articular branches from the sacral plexus, great sciatic, obtu-

rator, and accessory obturator nerves.

Actions. The movements of the hip, like all enarthrodial joints, are very

extensive ; they are, flexion, extension, adduction, abduction, circumduction, and
rotation.

* Bigelow on the Hip-Jouit."

t See an interesting paper, 'On the Use of the Round Ligament of the Hip-Joint,' hy
Dr. J. Struthers, Edinburgh Medical Journal, 1858. This ligament is best studied with the

assistance of a preparation in which the floor of the acetabulum has been removed with a
trephine, and the ligament exposed hy cleaning away the fat. Mr. Savory, without denying
the other uses attributed to this ligament, says that it is always made tense in the upright

position, and is still further tightened in standing on one leg ; and therefore he maintains

that its main fimction is to support the weight of the body, and distribute its pressure

equally over the whole surface of the acetabulum and head of the femur. Zancet, Mav 23,

1874.
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The hip-joint presents a very striking contrast to the other great enarthrodial

joint—tlie shoulder—in the much more complete mechanical arrangements for its

security and for the limitation of its motions. In the shoulder, as we haye seen, the

head of the htimerus 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 por-

tion of the capsule described as the Uio-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, the action of the extensor muscles of the buttock being balanced by the

tension of the ilio-femoral and capsular ligaments. The security of the joint is

also provided for by the two bones being directly united through the ligamentum

teres. Flexion of the hip-joint is arrested by the soft parts of the thigh and abdomen

being brought into contact ;
* extension by the tension of the ilio-femoral ligament

and front of the capsule ; adduction by the upper part of the accessory ligament

and of the capsule, and in the flexed position of the limb by the ligamentum teres
;

abduction by the lower portion of the ilio-femoral ligament and of the capsule

;

rotation outwards by the front part of the capsule, and the ligamentum teres, and

rotation inwards by the back part of the capsule.

II. Knee-Joint.

The knee is a ginglymus, or hinge-joint ; the bones entering into its formation

are, the condyles of the femur above, the head of the tibia below, and the patella

in front. The articular surfaces are covered with cartilage, and connected to-

gether by ligaments, some of which are placed on the exterior of the joint, whilst

others occupy its interior.

Exterior Ligaments. Interior Ligaments.

Anterior, or Ligamentu.ra Pa- Anterior, or External Crucial.

tellEe. Posterior, or Internal Crucial.

Posterior, or Ligamentum Pos- Two Semilunar Fibro-cartilages.

ticum Winslowii. Transverse.

Internal Lateral. Coronary.

Two External Lateral. Ligamentum mucosum.
Capsular. Ligamenta alaria.

The Anterior Ligament, or Ligamentum Patellce (fig. 141), is that portion of

the common tendon of the extensor muscles of the thigh 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 tuberosity of the tibia ; its superficial fibres being continuous

across the front of the patella with those of the tendon of the Quadriceps extensor.

Two synovial bursas are connected with this ligament and the patella ; one is inter-

posed between the patella and the skin covering its anterior surface ; the other of

small size, between the ligamentum patellas and the upper part of the tuberosity

of the tibia. The posterior surface of this ligament is separated above from the

knee-joint by a large mass of adipose tissue ; its lateral margins are continuous

with the aponeuroses derived from the Vasti muscles.

* The hip-joint cannot be completely flexed, in most persona, without at the same time
flexing the knee ; on account of the shortness of the ham-string muscles. Oleland, Journ. of
Anat. and I'/ii/s. Xo. I. Old Series, p. 87.
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The Posterior Ligament, Ligamentum Posticum Winslowii (fie. 142), is a broad,
flat, fibrons band, which covers over the whole of the back part of the joint. It

consists of a central and two lateral portions, the latter formed chiefly of vertical

141.—Right Knee-Joint. Anterior View. 142.—Right Knee-Joint. Posterior View.

Ft

fibres, which arise above from the condyles of the femur, and are connected below
with the back part of the head of the tibia, being closely united with the tendons of
the Gastrocnemius, Plantaris, and Popliteus muscles ; the central portion is formed
of fasciculi, obliquely directed and separated from one another by apertures for the
passage of vessels. The strongest of these fasciculi is derived from the tendon of
the Semi-membranosus, and passes from the back part of the inner tuberosity of
the tibia, obliquely upwards and 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 rests upon it.

The Internal Lateral Ligament is a broad, flat, membranous band thicker
behind than in front, and situated nearer to the back than the front of the ioint.

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 aponeurosis of the Sartorius and
the tendons of the Gracilis and Semitendinosus muscles, a synovial bursa being
interposed. Its deej) surface covers the anterior portion of the tendon of the Semi-
membranosus, the synovial membrane of the joint, and the inferior internal arti-

cular artery and nerve ; it is intimately adherent to the internal semilunar fibro-

cartilage.

The Long External Lateral Ligament is a strong, rounded, fibrous cord, situated

nearer to the back than the front of the joint. It is attached, above, to the outer
tuberosity of the femur ; below, to the outer part of the head of the fibula. Its outer

surface is covered hj the tendon of the Biceps, which divides at its insertion into
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143.—Eight Knee-Joint. Showing Internal

Ligaments.

two parts, separated by the ligament. The ligament has, passing beneath it, the
tendon of the Popliteus muscle, and the inferior external articular vessels and nerve.

The Short E-xternal Lateral Ligament is an accessory bundle of fibres, placed
behind and parallel with the preceding ; attached, above, to the lower part of the
outer tuberosity of the femur ; below, to the summit of the styloid process of the
fibula. This ligament is intimately connected with the capsular ligament, and
has, passing beneath it, the tendon of the Popliteus muscle.

The Capsular Ligament consists of an exceedingly thin, but strong, fibrous

membrane, which fills in the intervals

left by the preceding ligaments. It is

attached to the femur immediately above
its articular surface ; below, to the upper
border and sides of the patella and the

margins of the head of the tibia and inter-

articular cartilages, and is continuous

behind with the posterior ligament. This
membrane is strengthened by fibrous ex-

pansions, derived from the fascia lata,

from the Vasti and Crureus muscles, and
from the Biceps, Sartorius, and tendon of

the Semimembranosus.
The Crucial are two interosseous liga-

ments of considerable strength, situated

in the interior of the joint, nearer its

posterior than its anterior part. They
are called crucial, because they cross each
other, somewhat like the lines of the

letter X ; and have received the names
anterior and posterior, from the position of

their attachment to the tibia.

The Anterior or External Crucial Liga-
ment (fig. 143), smallerthan the posterior,

is attached to the inner side of the depres-

sion in front of the spine of the tibia,

being blended with the anterior extremity

of the external semilunar fibro-cartilage,

and passing obliquely upwards, back-

wards, and outwards, is inserted into the

inner and back part of the outer condyle of the femur.

The Posterior or Internal Crucial Ligament is larger in size, but 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 in-

wards, 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 off from it, which
blends with the posterior part of that ligament. It is in relation, in front, with

the anterior crucial ligament ; behind, with the ligameutum posticum Winslovvii.

The Semilunar Fihro-Cartilages (fig. 144) are two crescentic lamellae, which are

attached to the margins of the head of the tibia, and serve to deepen its surface for

articulation with the condyles of the femui\ The circumference of each cartilage is

thick and convex ; the inner free border, thin and concave. Their upper surfaces

are concave, and in relation with the condyles of the femur ; their lower surfaces

are flat, and rest upon the head of the tibia. Each cartilage covers nearly the 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 Fihro- Cartilage is nearly semicircular in form, a little

elongated from before backwards, and broader behind than in front ; its convex

O
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144.—Head of Tibia, witli Semilunar Cartilages, etc.

Seen from above. Rig-bt Side.

bordei' is united to the internal lateral ligament, and to the head of the tibia,

by means of the coronary ligaments ; its anterior extremity, thin and pointed, is

firmly implanted into a depression in front of the inner articular surface of the

tibia ; its posterior extremity into the depression behind the spine, between the

attachment of the external cartilage and posterior crucial ligament.

The External Semilunar Fihro-Gartilage forms nearly an entire circle, covering

a larger portion of the arti-

cular surface than the in-

ternal one. It is grooved

on its outer side, for the

tendon of the Popliteus

muscle. Its circumference

is held in connection with

the head of the tibia, by

means of the coronary liga-

ments ; and its two extre-

mities are firmly imjjlanted

in the depressions in front

and behind the spine of the

tibia. These extremities,

at their insertion, are in-

terposed between the at-

tachments of the internal cartilage. The external semilunar fibro-cartilage gives

off from its anterior harder a fasciculus, which forms the transverse ligament. By
its anierior extremity, it is continuous with the anterior crucial ligament. Its

posterior extremity divides into three slips
;
two of these pass upwards and forwards^

and are inserted into the outer side ofthe inner tuberosity of the tibia, one in front,

the other behind the posterior crucial ligament ; the third fasciculus is inserted

into the back part of the anterior crucial ligament.

The Transverse Ligavient is a band of fibres, which passes transversely from the

anterior convex margin of the external semilunar cartilage to the anterior extremity

of the internal cartilage ; its thickness varies considerably in diiferent subjects.

The Coronary Ligaments consist of numerous short fibrous bands, which con-

nect the convex border of the semilunar cartilages with the circumference of the

head of the tibia, and with the other ligaments surrounding the joint.

The Synovial membrane of the knee-joint is the largest and most extensive in

the body. Commencing at the upper border of the patella, it forms a large cul-

de-sac beneath the Extensor tendon of the thigh : this is sometimes replaced by a

synovial bursa interposed between the tendon and the front of the femur, which

in some subjects communicates with the synovial membrane of the knee-joint by
an orifice of variable size. On each side of the patella, the synovial membrane
extends beneath the aponeurosis of the Vasti muscles, and more especially beneath

that of the Vastus internus ; and, below the patella, it is separated from the

anterior ligament by 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 jDatella, to the front of the

intercondyloid notch. This fold has been termed the ligamentum mucosurn.

The ligamenta alaria consist of two fringe-like folds, which extend from the sides

of the ligamentum mucosurn, upwards and outwards, to the sidcf! of the patella.

The synovial membrane invests the semilunar fibro-cartilages, and on the back

part of the external one forms a cul-de-sac between the groove on its surface, and

the tendon of the Popliteus ; it is continued to the articular surface of the tibia
;

surrounds the crucial ligaments, and the inner surface of the ligaments which

enclose the joint ; lastly, it ajsproaches the condyles of the femur, and from them
is continued on to the lower part of the front of the shaft. The pouch of synovial

membrane between the Extensor tendon and front of the femur is supported,

during the movements of the knee, by a small muscle, the Subcrurasus, which is

inserted into it.
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The Arteries supijlying the joint are derived from the anastomotic branch of

the femoral, articular branches of the popliteal, and recurrent branch of the

anterior tibial.

The Nerves are derived from the obturator, anterior crural, and external and
internal popliteal.

Actions. The knee-joint allows of movements of flexion and extension, and of

slight rotation inwards and outwards. The complicated mechanism of this joint

renders it necessary to study each of these movements separately, pointing out

incidentally the functions of each of the principal components of the joint. The
tibia executes a rotatory movement during flexion around an imaginary axis drawn
transversal}:' through its upper end. This causes a change in the apposition of the

tibia and femur. Thus, in extreme extension, it is the anterior portion of the tibia

which is in contact with the femur ; in the semiflexed position, its middle ; in com-

plete flexion, its posterior edge.* Also, during flexion the articular surface of the

tibia, covered by the interarticular cartilages, glides backwards on the femur. The
patella is attached by the inextensible ligamentum patell89 to the tubercle of the

tibia, and as the tibia glides backwards, the patella falls more and more into the

intercondyloid notch of the femur. The ligamentum patellas is put on the stretch

during flexion, 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 ligament is very trifling. In partial flexion, before the hga-

mentum patellte comes upon the stretch, and while both crucial ligaments are

somewhat relaxed, some rotation of the joint is permitted. Flexion is only checked

during life by the contact of the leg with the thigh. In extension, the ligamentum

patellae 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 condyles of the

femur. The other ligaments are all on the stretch. When the limb has been brought

into a straight line extension is checked, mainly by the tension of the posterior crucial

ligament. The movements of rotation of which the knee is susceptible are permitted

in the semiflexed condition by the partial relaxation of both crucial ligaments, as

well as the lateral ligaments. Eotation inwards (or pronation of the leg) is checked

by the anterior crucial ligament. The chief agent in effecting this mov^ement is the

Popliteus muscle. Rotation outwards (or supination) is checked by the posterior

crucial ligament. It is efl^ected mainly by the Biceps. The main function of the

crucial ligaments is to act as a direct bond of union between the tibia and femur,

preventino- the former bone from being carried too far backwards or forwards.

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. The patella is a great defence to the knee-joint from any injury in-

flicted in front, and it distributes upon a large and tolerably even surface during

kneelino- 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 outf how this leverage varies in the various

positions of the joint, so that the action of the muscle produces velocity at the ex-

pense of force in the commencement of extension, and on the contrary, at the close

of extension tends to diminish the velocity, and therefore the shock to the ligaments
;

whilst in the standing position it draws the tibia powerfully forwards, and thus

maintains it in its place.

The folds of synovial membrane and the fatty processes contained in them act,

as it seems, mainly as padding to fill up mterspaces and obviate concussions.

The bursae in connection with the synovial membrane will be found described

with the regional anatomy of the popliteal space.

* See Plate XLVII. in Htjjiphey, on The Skeleton.

t 'Pluman Osteology,' p. 405.

2
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III. Articulations between the Tibia and Fibula.

The articulations between the tibia and fibula are eifected by ligaments which
connect both extremities, as well as the shafts of the bones. They may, con-

sequently, be subdivided into three sets :— i. The Superior Tibio-Fibular articula-

tion. 2. The Middle Tibio-Fibular articulation. 3. The Inferior Tibio-Fibular

articulation.

1. SuPEEiOE Tibio-Fibular Articulation.

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.

Posterior Superior Tibio-Fibular.

The Anterior Superior Ligament (fig. 143) consists of two or three broad and
flat bands, which pass obliquely upwards and inwards from the head of the fibula

to the outer tuberosity of the tibia.

The Posterior Superior Ligament is a single thick and broad band, which passes

from the back part of the head of the fibula to the back part of the outer tuberosity

of the tibia. It is covered by the tendon of the Popliteus muscle.

A Synovial Membrane lines this articulation, which at its upper and back part

is occasionally continuous with that of the knee-joint.

2. Middle Tibio-Fibulae Aeticulation.

An interosseous membrane extends between the contiguous margins of the tibia

and fibula, 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

pass between the interosseous ridges on the two bones. It is broader above than

below, and presents at its upper part a large oval aperture for the passage of the

anterior tibial artery forwards to the anterior aspect of the leg ; and 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 parts

for the passage of small vessels. It is in relation in front with the TibiaUs anticus,

Extensor longus digitorum. Extensor proprius pollicis, Peroneus tertius, and the

anterior tibial vessels and nerve ; behind, with the Tibialis posticus and Flexor

longus pollicis.

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 similar rough surface on the outer

side of the tibia. Below, to the extent of about two Unes, these surfaces are

smooth and covered with cartilage, which is continuous with that of the ankle-

joint. The ligaments of this joint are

—

Inferior Interosseous. Posterior Inferior Tibio-Fibular.

Anterior Inferior Tibio-Fibular. Transverse.

The Inferior Literosseous Ligament consists of numerous short, strong fibrous

bands, which pass between the contiguous rough surfaces of the tibia and fibula

,

and constitute the chief bond of union between the bones. This ligament is con-

tinuous, above, with the interosseous membrane.

The Anterior Inferior Ligament (fig. 146) 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

articulation. It is in relation, in front, with the Peroneus tertius, the aponeurosis

of the leg, and the integument ; behind, with the inferior interosseous ligament

;

and lies in contact with the cartilage covering the astragalus.

The Posterior Inferior Ligament, smaller than the preceding, is disposed in a

similar manner on the posterior surface of the articulation.
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The Transverse Ligament is a long narrow band, continuous with tho pre-

ceding, passing transversely across the back of the joint, from the external

malleolus to the tibia, a short distance from its malleolar process. This ligament

projects below the margin of the bones, and forms part of the articulating surface

for the astragalus.

The Synovial Membrane lining the articular surface is derived from that of the

ankle-joint.

Actions. The movement permitted in these articulations is limited to a very-

slight gliding of the articular surfaces one upon another.

IV. Ankle-Joint.

The Anlde is a ginglymus or hinge joint. The bones entering into its forma-

tion are the lower extremity of the tibia and its malleolus, and the external

malleolus of the fibula. These bones are united above, and form an arch, to

receive the upper convex surface of the astragalus and its two lateral facets. The
bony surfaces are covered with cartilage, and connected together by the following

ligaments :

—

Anterior. Internal Lateral.

External Lateral.

The Anterior or Tihio-tarsal Ligament (fig. 145) is a broad, thin, membranous
layer, attached, above, to the margin of the articular surface of the tibia ; below,

145.—Anlde-Joint : Tarsal and Tarso-Metatarsal Articidations. Internal View. Eight Side.

TAnsO-METAT

to the margin of the astragalus, in front of its articular surface. It is in relation,

in front, with the Extensor tendons of the toes, with the tendons of the Tibialis

anticus and Peroneus tertins, and the anterior tibial vessels and nerve ;
behind, it

lies in contact with the synovial membrane.

The Internal Lateral or Deltoid Ligament consists of two layers, superficial and

deep. The superficial layer is a strong, flat, 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 scaphoid ;
the middle descend

almost perpendicularly to be inserted into the os calcis ; and the posterior fibres

pass backwards and outwards to be attached to the inner side of the astragalus.
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The deeper layer consists of a short, thick, and strong fasciculus, which passes
from the apex of the maUeolns to the inner surface of the astragalus, below the
articular surface. This ligament is covered by the tendons of the Tibialis posticus

and Flexor longus digitorum muscles.

The External Lateral Ligament (fig. 146) consists of three fasciculi, taking
different directions, and separated by distinct intervals ; for which reason it is

described by some anatomists as three distinct ligaments.* This would seem the
preferable description, were it not that the old nomenclature has passed into

general nse.

The anterior fasciculus, 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.

146.—Anlde-Joint: Tarsal and Tarso-Metatarsal Articulations. External View. Right Side.
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The posterior fasciculus, the most deeply seated, passes from the depression at

the inner and back part of the external malleolus to the astragalus, behind its ex-

ternal malleolar facet. Its fibres are almost horizontal in direction.

The middle fasciculus, the longest of the three, is a narrow rounded cord, passing

from the apex of the external malleolus downwards and slightly backwards to the

middle of the outer side of the os calcis. It is covered by the tendons of the

Peroneus longus and brevis.

There is no posterior ligament, its place being supplied by the transverse liga-

ment of the inferior tibio-fibular articulation.

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 are,

in front, from within outwards, the Tibiahs anticus, Extensor proprius pollicis,

anterior tibial vessels, antei'ior tibial nerve. Extensor communis digitorum, and

Peroneus tertius : behind, from within outwards, Tibialis posticus. Flexor longus

digitorum, posterior tibial vessels, posterior tibial nerve, Flexor longus pollicis
;

and, in the groove behind the external malleolus, the tendons of the Peroneus

longus and brevis.

* HuMPHET, on The Skeleton
, p. 559.
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The Arteries supplying the joint are derived from the malleolar branches of the

anterior tibial and peroneal.

The Nerves are derived from the anterior tibial.

Actions. The movements of the joint are limited to flexion and extension.

There is no lateral motion ; the astragalus being embraced by the two malleoli, and

held securely in its place in all positions of the foot. Of these the external

malleolus is longer than the internal, and is situated farther backwards, an

arrangement which Prof. Humphry connects with the direction in which the

weightof the bodyappears to be transmitted to each side of the footwhen planted on

and raised off the ground.* The lower tibio-fibular joint and the elasticity of the

fibula permit of some separation of the two bones in flexion and extension of the

limb, corresponding to the varying size of the surfase of the astragalus ; the latter

is considerably wider in front than behind (fig. 113, p. 135) in order to resist the

tendency to dislocation of the foot backwards in alighting' on the toes. Of the

ligaments, the internal, or deltoid, is of very great power—so much so that it

usually resists a force which fractures the process ofbone 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 resists displacement in every

direction. Its anterior and posterior fibres limit extension and flexion of the foot

respectively, and the anterior fibres also limit abduction. The posterior portion

of the external lateral ligament assists the middle portion in resisting the dis-

placement of the foot backwards, and deepens the cavity for the reception of the

astragalus. The anterior fasciculus is a security against the displacement of the

foot forwards, and limits extension of the joint. The movements of abduction and

adduction of the foot, together with the minute changes in form by which it is

ajjplied to the ground or takes hold of an object in climbing, <fec., are effected in

the tarsal joints ; the one which enjoys the greatest amount of motion being that

between the astragalus and os calcis behind, and the scaphoid and cuboid in front.

This is often called the transverse tarsal joint, and it, with the subordinate joints of

the tarsus, can replace the ankle-joint m a great measure when the latter has

become ankylosed.

V. Articulations of the Taesus.

These articulations may be subdivided into three sets :— i. The articulations of

the first row of tarsal bones. 2. The articulations of the second row of tarsal

bones. 3. The articulations of the two rows with each other.

I. Articulations of the First Row of Tarsal Bones.

The articulations between the astragalus and os calcis are two in number

—

anterior and posterior. They are arthrodial joints. The bones are connected

together by three ligaments :—
External Calcaneo-Astragaloid. Posterior Calcaneo-Astragaloid.

Interosseous.

The External Calcaneo-Astragaloid Ligament (fig. 146) is a short strong fasci-

culus, passing from the outer surface of the astragalus, immediately beneath its

external malleolar facet, to the outer edge of the os calcis. It is pla.cediQ front of

the middle fasciculus of the external lateral ligament of the ankle-joint, with the

fibres of which it is parallel.

The Posterior Calcaneo-Astragaloid Ligament (fig. 145) connects the posterior

extremity of the astragalus with the upper contiguous surface of the os calcis ; it

* The fact should be remembered in operative surgery. Thus the ankle-joint is more
easily opened at the inside than the outside, in consequence of the relative shortness of the

internal malleolus. Again, in cutting the flaps for Syme's amputation, if the knife is carried

as far upwards and forwards as the point of the inner malleolus, the posterior flap will be

unmanageably long, and great difficulty will be found in reflecting it over the os calcis.
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is a sliort narrow band, the fibres of -wliich are directed obliquely backwards and
inwards.

The Interosseous Ligainent forms tbe 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 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, and serves to unite

the OS calcis and astragalus solidly together.

The Synovial Memhranes (fig. 148) are two in number; one for the posterior

calcaneo-astragaloid articulation ; a second for the anterior calcaneo-astragaloid

joint. The latter synovial membrane is continued forwards between the contiguous

surfaces of the astragalus and scaphoid bones.

2. Articulations of the Second Row of Tarsal Bones.

The articulations between the scaphoid, cuboid, and three cuneiform are effected

by the following ligaments :

—

Dorsal. Plantar.

Interosseous.

The Dorsal Ligaments are small bands of parallel fibres, which pass from each

bone to the neighbouring bones with which it articulates.

The Plantar Ligaments have the same arrangement on the plantar surface.

The hiterosseous Ligaments are four in number. They consist of strong trans-

verse fibres, which pass between the rough non-articular surfaces of adjoining bones.

There is one between the sides of the scaphoid and cuboid ; a second between the

internal and middle cuneiform bones ; a third between the middle and external

cuneiform ; and a fourth between the external cuneiform and cuboid. The scaphoid

and cuboid, when in contact, present each a small articulating facet, covered with

cartilage, and lined either by a separate synovial membrane, or by an oiFset from

the great tarsal synovial membrane.

3. Aeticulations of the Two Rows op the Taesus with each other.

These may be conveniently divided into three sets. The joint between the os

calcis and the cuboid. The ligaments connecting the os calcis with the scaphoid.

The joint between the astragalus and the scaphoid.

The ligaments connecting the os calcis with the cuboid are four in number :

—

-p. _ , J Superior Calcaneo-Cuboid.

[.Internal Calcaneo-Cuboid (Interosseous),

p, , _ J Long Calcaneo-Cuboid.

i Short Calcaneo-Cuboid.

The Superior Calcaneo-Cuboid Ligament (fig. 146) is a thin and narrow fasci-

culus, which passes between the contiguous surfaces of the os calcis and cuboid, on

the dorsal surface of the joint.

The Ldernal Caloaneo-Guboid (Interosseous) Ligament (fig. 146) is a short, but

thick and strong, band of fibres, arising from the os calcis, in the deep groove

which intervenes between it and the astragalus ; and closely blended, at its origin,

with the superior calcaneo-scaphoid ligament. It is inserted into the inner side

of the cuboid bone. This ligament forms one of the chief bonds of union between

the first and second row of the tarsus.

The Long Galcaneo-Cuhoid (fig. 147), 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 tuberosities, as far forwards as the

anterior tubercle ; its fibres pass forwards to 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 Pei'oneus longus.
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147.—Ligameuta of Plantar Surface of

the Foot.

Tlie Short Calcaneo-Cuboid Ligmnent lies nearer to tlie bones than the preceding',

from which it is separated by a little areolar adipose 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 tinder surface of the os oalcis, to the inferior

surface of the cuboid bone behind the peroneal groove. A separate synovial mem-
brane is found in the calcaneo-cuboid articulation.

The ligaments connecting the os calcis with the scaphoid are two in number :

—

Superior Calcaneo-Scaphoid. Inferior Calcaneo-Scaphoid.

The Superior Calcaneo-Scaphoid (fig. 146) arises, as already mentioned, with the

internal calcaneo-cuboid in the deep groove between the astragalus and os calcis

;

it passes forwards from the inner side of the anterior extremity of the os calcis to

the outer side of the scaphoid bone. These
two ligaments resemble the letter T, being

blended together behind, but separated

in front.

The Inferior Calcaneo-Scaphoid (fig.

147) is by far the larger and stronger of

the two ligaments of this articulation ; it

is a broad and thick band of fibres, which
passes forwards and inwards from the

anterior and inner extremity of the os

calcis to the under surface of the scaphoid
bone. This ligament not only serves to

connect the os calcis and scaphoid, but

supports the head of the astragalus, form-

ing part of the articular cavity in which
it is received. The upper surface is lined

by the synovial membrane continued from
the anterior calcaneo-astragaloid articu-

lation. Its under surface is in contact

with the tendon of the Tibialis posticus

muscle.*

The articulation between the astra-

galus and scaphoid is an arthrodial joint

;

the rounded head of the astragalus being

received into the concavity formed by the

posterior surface of the scaphoid, the

anterior articulating surface of the calca-

neuni, and the upper surface of the calca-

neo-scaphoid ligament, which fills up the

triangular interval between those bones.

The only ligament of this joint is the

superior astragalo-scaphoid, a broad band,
which passes obliquely forwards from the

neck of the astragalus to the superior surface of the scaphoid bone. It is thin and

weak in texture, and covered by the Extensor tendons. The inferior calcaneo-

scaphoid supplies the place of an 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 feebleness is such as to allow occasionally of dislocation of the

astragalus.

The Sijnovial Membranes (fig. 148) found in the articulations of the tarsus, are

four in number : one for the posterior calcaneo-astragaloid articulation ; a second

for the anterior calcaneo-astragaloid and astragalo-scaphoid articulations ; a third

for the calcaneo-cuboid articulation ; and a fourth for the articulations of the

* Mv. Hancock describes an extension of tlais ligament upwards on the inner side of the

foot, which completes the socket of the joint in that direction. Lancet, 1866, vol. i. p. 618.
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scaphoid witli the three cuneiform, the three cuneiform with each other, the

external cuneiform with the cuboid, and the middle and external cuneiform with

the bases of the second and third metatarsal bones. The prolongation which lines

the m.etatarsal bones passes forwards between the external and middle cuneiform

bones. A small synovial membrane is sometimes found between the contiguous

surfaces of the scaphoid and cuboid bones.

148.- -Oblique Section of the Articulations of the Tarsus and Metatarsus.
Showing the Six Synovial Membranes.

Actions. The movements permitted between the bones of the first row, the

astragalus and os calcis, are limited to a gliding upon each other from before

backwards, and from side to side. The gliding movement which takes place

between the bones of the second row is very slight, the articulation between the

scaphoid and cuneiform bones being more moveable than those of the cuneiform
with each other and with the cuboid. The movement which takes place between
the two rows is more extensive, and consists in a sort of rotation, by means of

which the sole of the foot may be slightly flexed, and extended, or carried inwards

and outwards.

VI. Ta-r30-Metataesal Akticulations.

These are arthrodial joints. The bones entering into their formation are four

tarsal bones, viz., the internal, middle and external cuneiform, and the cuboid,

which articulate with the metatarsal bones of the five toes. The metatarsal bone
of the great toe articulates with the internal cuneiform ; that of the second is

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 cunei-

form
; the fourth with the cnboid 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 :

—

Dorsal. Planta,r.

Interosseous.

The Dorsal Ligaments consist of strong, flat, fibrous bands, which connect the

tarsal with the metatarsal bones. The first metatarsal is connected to the internal

cuneiform by a single broad, thin, fibrous band ; the second has three dorsal

ligaments, one from each cuneiform bone ; the third has one from the external

cuneiform ; and the fourth and fifth have one each from the cuboid.

The Plantar Ligaments consist of longitudinal and oblique fibrous bands con-

necting 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
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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 to the

adjacent angle of the second metatarsal. The middle one, less strong than the

preceding, connects the external cuneiform with the adjacent angle of the second

metatarsal. The external interosseous ligament connects the outer angle of the

external cuneiform with the adjacent side of the third metatarsal.

The Synovial Membranes of these articulations are three in number : one for the

metatarsal bone of the great toe, with the internal cuneiform ; one for the second

and third metatarsal bones, with the middle and external cuneiform ; this is a part

of the great tarsal synovial membrane ; and one for the fourth and fifth metatarsal

bones with the cuboid. The synovial membranes of the tarsus and metatarsus are

thus seen to be six in number (fig. 148).

Articulations of the Metatarsal Bones with each other.

The bases of the metatarsal bones, except the first, are connected together by
dorsal, plantar, and interosseous ligaments. The dorsal and plantar ligaments

pass from one metatarsal bone to another. The interosseous ligaments lie deeply

between the rough non-articular portions of their lateral surfaces. The articular

surfaces are covered with cartilage, and provided with synovial membrane, con-

tinued forwards from the tarso-metatarsal joints. The digital extremities of the

metatarsal bones are united by the transverse metatarsal ligament. It connects

the great toe with the rest of the metatarsal bones ; in this respect it differs from

the transverse ligament in the hand.

Actions. The movement permitted in the tarsal ends of the metatarsal bones is

limited to a slight gliding of the articular surfaces upon one another ; considerable

motion, however, takes place in the digital extremities.

VII. Metataeso-Phalangeal Articulations.

The heads of the metatarsal bones are connected with the concave articular

surfaces of the first phalanges by the following ligaments :

—

Plantar. Two Lateral.

Their arrangement is precisely similar to the corresponding parts in the hand.

The expansion of the Extensor tendon supplies the place of a dorsal ligament.

Actions. The movements permitted in the metatarso-phalangeal articulations

are flexion, extension, abduction, and adduction.

VIII. Articulations of the Phalanges.

The ligaments of these articulations are similar to those found in the hand
;

each pair of phalanges being connected by a plantar and two lateral ligaments,

and their articular surfaces lined by synovial membrane. Their actions are also

similar.

For further information on this subject, the Student is referred to Cruveilhier's ' Anatomie
Descriptive ; ' to Dr. Humphry's work on ' The Himian Skeleton, including the Joints ;

' to

Arnold's ' Tahidse Anatomicae,' Fascic. 4. Pars 2. Icones Articulorum et Ligamentorum

;

and to the papers hy Prof. Hermann Meyer (' Beitrage zur Mechanik des menschlichen

Knochengeriistes ') in Reichert u. Du Bois Reymond's Archiv.



The Muscles and Fascise.*

THE Muscles are connected -witli the bones, cartilages, ligaments, and skin, either

directly or tlirough the intervention of fibrous structures, called tendons or

aponeuroses. Where a muscle is attached to bone or cartilage, the 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 con-

nected 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 fibres, as in the muscles of

the face.

The muscles vary extremely in their form. In the limbs, they are of con-

siderable 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, forming the parietes

of the cavities which they enclose ; hence the reason of the terms, long, hroad,

sliort, 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

, fi.bres are arranged longitudinally, and terminate at either end in a narrow tendon.

If the fibres converge, like the plumes of a pen, to one side of a tendon, which

runs the entire length of a muscle, the muscle is said to be penivifonn, as the

Peronei ; if they converge to both sides of the tendon, the muscle is called

hipenniform, as the Rectus femoris ; if they converge from a broad surface to a

narrow tendinous point, the muscle is said to be radiated, as the Temporal and

Glutei muscles.

They differ no less 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,fromtheii'

situation, as the Tibialis, Radialis, Ulnaris, Peroneus ; 2, from their direction, as

the Rectus abdominis, Obliqui capitis, Transversalis
; 3, from their uses, as Flexors,

Extensors, Abductors, etc.
; 4, fi-om their shape, as the Deltoid, Trapezius, Rhom-

boideus
; 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, Sterno-

thyroid.

In the description of a muscle, the term origin is meant to imply its more fixed

or central attachment ; and the term insertion the moveable point to which the

force of the muscle is dii-ected ; 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 moveable integument ; in the

greater number, the muscle can be made to act from either extremity.

* The Muscles and Fascife are described conjointly, in order that the Student may con-

sider the arrangement of the latter in his dissection of the fonner. It is rare for the

student of anatomy in this country to have the opportunity of dissecting the fasciffi

separately ; and it is for this reason, as well as from the close connection that exists between

the muscles and their investing aponeuroses, that they are considered together. Some
general observations are first made on the anatomy of the muscles and fascias, the special

description being given in connection with the dilFerent regions.
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In the dissection of the muscles, the student should pay especial attention to

the esact 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 fi-acture, 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 the ap-

plication of a ligature to those vessels.

Tendons are white, glistening, fibrous cords, varying in length and thick-

ness, sometimes round, sometimes flattened, of considerable strength, and only

slightlj^ elastic. They consist almost entirely of white fibrous tissue, the fibrils

of which have an undulating course parallel with each other, 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 not

present in the smaller tendons ; but the larger ones, as the tendo Achillis, receive

nerves which accompany the nutrient vessels. The tendons consist principally of

I a substance which yields gelatine.

Aponeuroses are fibrous membranes, of a pearly-white colour, iridescent,

]
glistening, and similar in structure to the tendons. They are destitute of nerves,

I and the thicker ones only sparingly supplied with blood-vessels.

The tendons and aponeuroses are connected, on the one hand, with the muscles
;

and, on the other hand, with the moveable structures, as the bones, cartilages,

ligaments, fibrous membranes (for instance, the sclerotic), and the synovial mem-
branes (subcrursBus, subanconeus). Where the muscular fibres are in a direct

line with those of the tendon or aponeurosis, 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 bipennifoi-m muscles, and in

those muscles the tendons of which commence in a membranous form, as the

Gastrocnemius and Soleus.

• The fasciEe (fascia, a bandage) are fibro-areolar or aponeurotic laminas, of

variable thickness and strength, found in all regions of the body, investing the

softer and more delicate organs. The fasciffi have been subdivided, from the

i structure which they present, into two groups, fibro-areolar or superficial fascise,

and aponeurotic or deep fasciae.

The fibro-areolar fascia is found immediately beneath the integument over

almost the entire surface of the body, and is generally known as the superficial

fascia. It connects the skin with the deep or aponeurotic fascia, and consists of

fibro-areolar tissue, containing in its meshes pellicles of fat in varying quantity.

In the eyelids and scrotum, where adipose tissue is rarely deposited, this tissue is

very liable to serous infiltration. The superficial fascia varies in thickness in differ-

lent parts of the body : in the groin it is so thick as to be capable of being subdi-

vided into several lamiuEe, but in the palm of the hand it is of extreme thinness, and

intimately adherent to the integument. The superficial fascia is capable of separa-

I tion into two or more layers, between which are found the superficial vessels and

inerves, and superficial lymphatic glands ; as the superficial epigastric vessels in the

J abdominal region, the radial and ulnar veins in the forearm, the saphenous veins in

Ithelegand thigh; certain cutaneous muscles also are situated in the superficial

1 fascia, as the Platysma myoides in the neck, and the Orbicularis palpebrarum around
I the eyelids. This fascia is most distinct at the lower part of the abdomen, the scro-

itum, perimeum, and extremities; is very thin in those regions where muscular
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fibres are inserted into the integument, as on tlie side of tlie neck, the face, and

around the margin of the anus ; and is almost entirely wanting in the palms of the

hands and soles of the feet, where the integument is adherent to the subjacent

aponeurosis. The superficial fascia connects the skin to the subjacent parts, facili-

tates 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 adipose

tissue contained in its areolae is a bad conductor of caloric.

The aponeurotic or deep fascia is a dense inelastic unyielding fibrous mem-
brane, 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 reticular 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 j

thick in unprotected situations, as on the outer side of a limb, and thinner on the

inner side. Aponeurotic fascise ai-e divided into two classes, aponeuroses of

insertion, and aponeuroses of investment.

The a])oneuroses of insertion serve for the insertion of muscles. Some of these
j

are formed by the expansion of a tendon into an aponeurosis, as, for instance, the |

tendon of the Sartorius ; others are connected directly to the muscle, as the

aponeuroses of the abdominal muscles.

The aponeuroses ofinvestment form a sheath for the entire limb, as well as for each

individual muscle. Many aponeuroses, however, serve both for investment and in-

sertion. Thus the aponeurosis given off from the tendon of the Biceps of the arm i

near its insertion is continuous with, and partly forms, the investing fascia of the
i

forearm, and gives origin to the muscles in this region. The deep fascise assist the
j

muscles in their action, by the degree of tension and pressure they make upon their
j

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 leg, and Palmaris longus in the hand. In the limbs,

the fasciffl not only invest the entire limb, but give off septa, which separate the

various muscles, and are attached beneath to the periosteum : these prolongations

of fasciae are usually spoken of as intermuscular septa.

The Muscles and Fasciae 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.

MUSCLES AND FASCIA OF THE CRANIUM AND FACE.

The muscles of the Cranium and Face consist of ten groups, arranged according

to the region in which they are situated.

1. Cranial Region. 6. Superior Maxillary Region.

2. Auricular Region. 7. Inferior Maxillary Region.

3. Palpebral Region. 8. Intermaxillary Region.

4. Orbital Region. 9. Temporo-Maxillary Region.

5. Nasal Region. 10. Pterygo-Maxillary Region.

The muscles contained in each of these groups are the following :

—

I. Cranial Region.
_

3. Falpehral Begion.

Occipito-frontalis. Orbicularis jsalpebrarum.

Corrugator supercilii.

Tensor Tarsi.

2. Auricular Region.
1

Attollens aurem. 4. Orbital Region.

Attrahens aurem. Levator palpebrse.

Retrahens aurem. Rectus superior.
I
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Rectus inferior.

Rectus internus.

Rectus externus.

Obliquus superior.

Obliquus inferior.

5. Nasal Begion.

Pyramidalis nasi.

Levator labii superioria alteque nasi.

Dilatator naris posterior.

Dilatator naris anterior.

Compressor nasi.

Compressor narium minor.

Depressor alse nasi.

6. Superior Maxillary Begion.

Levator labii superioris.

Levator anguli oris.

Zygomaticus major.

Zygomaticns minor.

7. Inferior Maxillary Begion.

Levator labii inferioris.

Depressor labii inferioris.

Depressor anguli oris.

8. Inter-Maxillary Begion.

Buccinator.

Risorius.

Orbicularis oris.

9. Temporo-Maxillary Begion.

Masseter.

Temporal.

10. Pterygo-Maxillary Begion.

Pterygoideus externus.

Pterygoideus internus.

I. Cranial Region—Occipito-Feontalis.

IHssection (fig. 149). The head being shaved, and a block placed beneath the back of the

Qeck, make a vertical incision through the skin from before backwards, commencing at

the root of the nose in front, and terminating behind at the occipital protuberance ; make
a, second incision in a horizontal direction along the forehead and round the side of the

149.—Dissection of the Head, Face, and Neck.

/ XiUsevtion of sct.\j'
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head, from the anterior to the posterior extremity of the preceding. Raise the skin in

front from the subj acent muscle from below upwards ; this must be done with extreme
care, removing the integument from the outer sm'face of the vessels and the nerves which
lie between the two.

The superficial fascia is tbe cranial region in a firm, dense la,yer, intimately

adherent to the integument, and to the Occipito-fi'ontalis and its tendinous aponeu-

rosis ; it is continuous, behind, with the superficial fascia at the back part of the

neck ; and, laterally, is continued over the temporal aponeurosis : it contains



208 MUSCLES AND FASCI/E.

between its layers the small muscles of the auricle, and the superficial temporal

vessels and superficial nerves.

The Occipito-frontalis (fig. 150) 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.

150.—Muscles of the Head, Face, and Neck,

It consists oftwo muscular slips, separated by an intervening tendinous aponeurosis.

The occipital portion, thin, quadrilateral in form, and about an inch and a half in

length, arises from the outer two-thirds of the superior curved line of the occipital

bone, and from the mastoid portion of the temporal. Its fibres of origin are

tendinous, but they soon become muscular, and ascend in a parallel direction to

terminate in the tendinous aponeurosis. The frontal -portion is thin, of a quadri-

lateral form, and ultimately adherent to the skin. It is broader, its fibres are
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longer, and their structure paler than the occipital portion. Its internal fibres

are continuous witli those of the Pyramidalis nasi. Its middle fibres become
blended with the Corrugator supercilii and Orbicularis : and the outer fibres are

also blended with the latter muscle over the external angular process. From this

attachment, the fibres are directed upwards and join the aponeurosis below the

coronal suture. The inner mai-gins of the frontal portions of the two muscles are

joined together for some distance above the I'oot of the nose ; but between the

occipital portions there is a considerable though variable interval.

The aponeurosis covers the upper part of the vertex of the skull, being con.

tinuous across the middle line with the aponeurosis of the opposite nauscle.

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 angular prolongation between the frontal portions ; and on

each side, it has connected with it the Attollens and Attrahens anrem muscles ; in

this sitiiation it loses its aponeurotic character, and is continued over the temporal

fascia to the zygoma by a layer of laminated areolar tissue. This aponeurosis is

closely connected to the integument by a dense fibro-cellular tissue, which contains

much granular fat, and in which ramify the numerous vessels and nerves of the

integument ; it is loosely connected with the pericranium by a quantity of loose

cellular tissue, which allows of a considerable degree of movement of the

integument.

Nerves. The frontal portion of the Occipito-frontalis is supplied by the facial

nerve ; its occipital portion by the posterior auridular 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 ; at the same time throwing the integument of the fore-

head into transverse wrinkles, a predominant expression in the emotions of delight.

By bringing alternately into action the occipital and frontal portions, the entire

scalp may be moved from before backwards.

2. Auriculae Regiox. (Fig. 150.)

Attollens Aureni. Attrahens Aurem.

Retrahens Aurem.

These three small muscles are placed immediately beneath the skin around the

external ear. In man, in whom the external ear is almost immoveable, they are

rudimentary. They are the analogues of large and important muscles in some of

the mammalia.

Dissecticm. This reqtiires CoBsidferaUe care, and should he performed in the following

manner :^To expose the Attollens aurem, draw the pinna or broad part of the ear down-
wards, when a tense band will he felt beneath the skin, passing from the side of the head
to the upper part of the couclia ; by dividing the skin over the tendon, in a direction from
below upwards, and then reflecting- it on each side, the muscle is exposed. To bring into

view the Attrahens aUrem, draw the helix backwards by means of a hook, when the muscle
will be made tensej and may be exposed in a similar manner to the preceding. To expose
the Retrahens aUrem, draw the pinna forwards, when the muscle being made tense may be
felt beneath the sltiu, at its insertion into the back part of the concha, and may be exposed
in the same manner as the other muscles.

The Attollens Aurem, the largest of the three, is thin, and fan-shaped : its fibres

arise from the aponeurosis of the Occipito-frontalis, and converge to be in-

serted by a thin, flattened tendon into the upper part of the cranial surface of

the pinna.

Relations. Externally, with the integument ; internally, with the temporal

aponeurosis.

The Attrahens Aurem, the smallest of the threej is thin, fan-ahaped, and its

fibres pale and indistinct ; they arise froJn the lateral edge of the aponeurosis of

the Occipito-frontalis, and converge to he inserted into a projection on the front

of the helix.

P
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Eelations. Externally, with, tbe skin ; internally, with tlie temporal fascia,

which separates it from the temporal artery and vein.

The Betrahens Aureyn consists of two or three fleshy fascionli, 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 of the concha.

Eelations. Externally, with the integument ; internally, with the mastoid

portion of the temporal bone.

Nerves. The Attollens anrem is supplied by the occipitalis minor ; the Attrahens

aurem, by the facial ; and the Retrahens aurem, by the posterior auricular branch

of the facial.

Actio7is. In man, these muscles possess very little action ; the Attollens aurem

slightly raises the ear ; the Attrahens aurem draws it forwards and upwards ; and

the Retrahens aurem draws it backwards.

3. Palpebral Region. (Fig. 150.)

Orbicularis Palpebrarum. Levator PalpebriB.

Corrugator Supercilii. Tensor Tarsi.

Dissection (fig. 149). In order to expose the muscles of the face, continue the long-i-

tudinal 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 cany
another incision along the margin of the hp to the angle of the mouth, and ti-ansversely

across the face to the angle of the jaw. Then make an incision m front of the external

ear, from the angle of the jaw upwards, to join the transverse incision made in exposing

the Occipito-frontalis. These incisions include a square-shaped flap, which should be re-

moved in the direction marked in the figme, with care, as the muscles at some points are

intimately adherent to the integument.

The Orhicularis Ptz72;e&rantm is a sphincter muscle, which surrounds the circum-

ference of the orbit and eyelids. It arises from the internal angular process of

tbe frontal bone, from the nasal process of the superior maxillary in front of the

lachrymal groove, and from the anterior surface and borders of a short tendon, the

tendo palpebrarum, 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, sun-ounds the circumference of the orbit, and spreads out over the

temple, and downwards on the cheek, becoming blended with the Occipito-frontalis

and Corrugator supercilii. The palpebral portion (ciliaris) of the Orbicularis is

thin and pale ; it arises from the bifurcation of the tendo palpebrarum, and fonns

a series of concentric curves, which are united on the outer side of the eyelids at

an acute angle by a cellular raphe, some being inserted into the external tarsal

ligament and malar bone. The orbicular portion (orbicularis latus) is thicker and
of a reddish colour : its fibres are well developed, and form complete ellipses.

Eelations. By its superficial surface, with the integument. By its deep sur-

face, above, with the Occipito-frontalis and Corrugator supercilii, 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, and the Levator

labii superioris alseque nasi muscles. Internally, it is occasionally blended with

the Pyramidalis nasi. Externally, it lies on the temporal fascia. On the eyelids,

it is separated from the conjunctiva by a fibrous membrane and the tarsal car-

tilages.

The tendo palpebrarum (tendo oculi) is a short tendon, about two lines in length

and one in breadth, attached to the nasal process of the superior maxillary bone

in front of the lachrymal groove. Crossing the lachrymal sac, it divides into two
parts, each division being attached to the inner extremity of the corresponding

tarsal cartilage. As the tendon crosses the lachrymal sac, a strong aponeurotic

lamina is given off from the posterior surface, which expands over the sac, and ia

attached to the ridge on the lachrymal bone. This is the reflected aponeurosis of

the tendo palpebrarum.

The Corrugator Supercilii is a small, narrow, pyramidal muscle, placed at the
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inner extremity of the eyebro-w, beneath the Occipito-frontalis and Orbicularis

palpebrarum muscles. It arises from the inner extremity of the superciliary ridge
;

from whence its fibres pass upwards and outwards, to be inserted into the under
surface of the orbicularis, 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 Falpeirce will be described with the muscles of the orbital region.

The Tensor Tarsi 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 cartilages near the puncta lachrymalia.

Its fibres appear to be continuous with those of the palpebral portion of the Orbi.

cularis ; it is occasionally very indistinct.

Nerves. The Orbicularis palpebrarum, Corrugator supercilii, and Tensor tarsi

are supplied by the facial nerve.

Actions. The Orbicularis palpebrarum is the sphincter muscle of the eyelids.

The palpebral portion acts involuntarily in closing the lids, and independently of

the orbicular portion, which is subject to the will. When the entire muscle is

brought into action, the integument of the foi'ehead, temple, and cheek is drawn
inwards towards the inner angle of the eye, and the eyelids are firmly closed.

The Levator palpebris is the direct antagonist of this muscle ; it raises the upper
eyelid and exposes the globe. The Corrugator supercilii draws the eyebrow
downwards and iiiwards, producing the vertical wrinkles of the forehead. This

muscle may be regarded as the principal agent in the expression of gi-ief. The
Tensor tarsi draws the eyelids and the extremities of the lachrymal 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.

4. Orbital Region. (Fig. 151.)

Levator Palpebrge Superioris. Rectus Internus.

Rectus Superior. Rectus Externus.

Rectus Inferior. Obliqnus Superior.

Obliquus Inferior.

Dissection. To open the cavity of the oi'bit, remove the skull-cap and brain ; then saw
through the frontal bone at the inner extremity of the supraorbital ridg-e, and externally at

its junction with the malar. Break in pieces the thin roof of the orbit by a few slight blows

of the hammer, and take it away ; drive forward the superciliary portion of the frontal hone

by a smart stroke, but do not remove it, as that would destroy the pulley of the Obliquus

superior. When the fragments are cleared away, the periosteum of the orbit will be exposed
;

this being removed, together with the fat which fills 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 aperture, and force a little air into the cavity of the eyeball ; then apply a

ligature round the nerve, so as to prevent the air escaping. The globe being now drawn
forwards, the muscles wiU be put upon the stretch.

The Levator Falpehrce Superioris is thin, flat, and triangular in shape. It

arises from the under surface of the lesser wing of the sjjhenoid, immediately in

front of the optic foramen ; and is inserted, by a broad aponeurosis, into the upper

border of the superior tarsal cartilage. At its origin, it is narrow and tendinous

;

but Soon becomes broad and fleshy, and finally terminates in a broad aponeurosis.

delations. By its upper surface, with the frontal nerve and artery, the peri-

osteum of the orbit ; and, in front, with the inner surface of the broad tarsal

ligament. By its under simface, with the Superior rectus ; and in the lid, with

the conjunctiva. A small branch of the third nerve enters its under surface.

P 2
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The Rectus suimrior, the thinnest and narrowest oJ: the four Recti, arises from
the ujiper margin of the optio foramen, beneath the Levator Palpebras and Superior

oblique, and from the fibrous sheath of the optic nerve ; and is inserted, by a ten-

1 5 1
.—^luacles of the Right Orbit.

152.—The relative position and attachment
of the Muscles of the Left Eyeball.

dinous expansion, into the sclerotic coat, about three or four lines from the margin

of the cornea.

Relations. By its upper surface, with the Levator Palpebree. By its under

surface, with tlife 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), wliioh is attached roiind the circumference of the optic foramen, except at

its upper and outer parf. The External

rectus has two heads : the upper one arises

from the outer margin of the optic foramen

immediately beneath the Superior rectus
;

the lower head, partly from the ligament

of Zinn, and partly from, a small pointed

process of boiie on the lower margin of

the sphenoidal fissure. Eachmuscle passes

forward in the position implied by its

name, to be inserted, by a tendinous ex-

pansion (the tunica albuginea), into the

sclerotic coat, about three or four lines

from tbe margin of the cornea. Between

the two heads of the External rectus is

a narrow interval, tilrongh which pass the third, nasal branch of the fifth, and

sixth nerves, and the ophthalmic vein. Although neai-ly all of these muscles present

a common origin, and are inserted in a similar manner in the sclerotic coat, there

are certain differences to be obsevved in them, as regards their length and breadth.

The Internal Rectus is the broadest ; the External, the longest ; and the Superior,

the thinnest and narrowest.

The Superior Oblique is a fusiform muscle, placed at the upper and inner side

of the orbit, internal to the Levator palpebree. It arises about a line above the

inner maro-in of the optic foramen, and, passing forwards to the inner angle of the

oi-bit, terminates in a rounded tendon, which plays in a ring or pulley, formed by

fibro-cartilaginous tissue attached to a depression beneath the internal angular

process of the frontal bone, the contiguous surfaces of the tendon and ring being
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liued by a delicate synovial membrane, and enclosed in a thin fibrous investment.

The tendon is reflected backwards and oatwaa-ds beneath the Superior rectus to the

outer part of the globe of the eye, and is inserted into the sclerotic coat, midway
between the cornea and entrance of the optic nerve, the insertion of the muscle

lying between the Superior and External recti.

delations. By its upper surface, with the periosteum covering the roof of the

orbit, and the fourth nerve. The tendon, where it lies on the globe of the eye, is

covered by the Superior rectus. By its under surface, with the nasal nerve, and
the upper border of the Internal rectus.

The Inferior Oblique is a thin, naiTOw muscle, placed ne^r the anterior margin
of the orbit. It arises from a depression in the orbital plate of the superior

maxillary bone, external to tlie lachrymal groove. Passing outwards and back-

wards beneath the Inferior rectus, and between the eyeball and the External

rectus, it is inserted into the oiiter part of the sclerotic coat between the Superior

and External rectus, near the tendon of insertion of the Superior oblique.

Relations. By its upper surface, with the globe of the eye, and with the Inferior

rectus. By its under siuface, with the periosteum covering the floor of the orbit,

and with the External i-ectus. Its borders look forwards and bacjjwards ; the

posterior one receives a branch of the third nerve.

Nerves. The Levator palpebrae. Inferior oblique, and all the recti excepting the

External, are supplied by the third nerve ; the Superior oblique, by the fourth
;

the External rectus, by the sixth.

Actions. The Levator palpebrse raises the upper eyelid, and is the direct

antagonist of the Orbicularis palpebrarum. The four Recti 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.

If any two Recti 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 fqur Recti.

By some anatomists, these muscles have been considered the chief agents in adjust-

ing the sight at diiferent distances, by compressing the globe, and so lengthening-

its antero-posterior diameter. 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 from shoulder to shoulder, in

order that the picture may fall in all respects on the same part of the retina of

each eye.*

Surffical Anatomy. The position and exact point of insertion of the tendons of the Internal

and External recti muscles into the globe sbouJd he carefully examined from the front of the

eyeball, as the sui-geon is often required to divide one or the other muscle for the cure of

strabismus. In convergent strabismus, which is the most 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 tiu-ned outwards, the External rectus being especially impli-

cated. The deformity produced in either case is to be remedied by division of one or the
other muscle. The operation is thus effected : the lids are to be well separated

; the eyeball

being drawn outwards, the conjunctiva shoidd be raised by a pair of forceps, and divided
immediately beneath the lower border of the tendon of the Internal rectus, a little behind its

insertion into the sclerotic; the submucous areolar tissue is then divided, and into the small
apertm-e thus jnade, 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 bliuat-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 sclerqtic. The student, when dissecting these muscles, should remove on
one side of the subject the conjimctiva from the front of the eye, in order to see more
accurately the position of the tendons, while on the opposite side the operation may be
performed.

* ' On the Oblique Musples^ of the Eye in Man and Vertebrate Animals,' by John
Stetjthers, M.D., ^Anatomical and Physiological Observations.'' For a more full account of

the various coordinated actions of the muscles of a single eye androf both eyes than our

space allows, the reader may be refened to Dr. M. Foster's Text-book of Physiology, pp.
385-388.
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5. Nasal Region. (Fig. 150.)

Pyraniidalis Nasi.

Levator Labii Superioris Alseque Nasi.

Dilatator Naris Posterior.

Dilatator Naris Anterior.

Compressor Nasi.

Compressor Nariam Minor.

Depi-essor Ate Nasi.

Tlie Fi/ramidalis Nasi is a small pyramidal slip, prolonged downwards from

the Occipito-frontalis upon tlie side of the nose, where it becomes tendinous and
blends with the Compressor nasi. As the two muscles descend, they diverge,

leaving an angular interval between them.

Relations. By its iq^per surface, with the skin. By its under surface, with the

frontal and nasal bones.

The Levator Labii Superioris Alceque 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 Orbi-

cularis and Levator labii superioris proprius.

Relations. In front, with the integument ; and with a small part of the Orbi-

cularis palpebrarum above.

Lying upon the superior maxillary bone, beneath this muscle, is a longitudinal

muscular fasciculus about an inch in length. It is attached by one end near the

origin of the Compressor nasi, and by the other to the nasal process about an inch

above it ; it was described by Albinus as the ' Musculus anomalus,' and by Santorini,

as the ' Rhomboideus.'

The Dilatator Naris Posterior is a small muscle, which is placed partly beneath

the proper 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

cartilage of the ala of the nose to the integument near its margin. This muscle

is situated in front of the preceding.

The Compressor Nasi is a small, tliin, 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 liose.

The Depressor Alee Nasi in 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
; by

some anatomists it is also considered as an elevator of the ala, and, consequently,

a dilator of the nose. The Levator labii supei-ioris aleeque nasi draws upwards

the upper lip and ala of the nose ; its naost 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. The two Dilatatores nasi enlarge the aperture of the nose, and the

Compressor nasi appears to press upon the nose so as to- increase its breadth, and
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thus tends rather to oijen than to close the nostrils. The Depressor alas nasi is a

direct antagonist of the preceding muscles, drawing the ala of the nose downwards,

and thereby constricting the aperture of the nares.

6. Superior Maxillary Region. (Eig. 150.)

Levator Labii Superioris. Zygomaticus Major.

Levator Ang-uli Oris. Zygomaticus Minor.

The Levator Labii Superioris (proprius) is a thin muscle of a quadrilateral form.

It arises from the lower margin of the orbit immediately above the infraorbital

foramen, some of its fibres being attached to the superior maxilla, others to the

malar bone ; its fibres converge to be inserted into the muscular substance of the

upper lip.

Relations. By its superficial surface, with the lower segment of the Orbicularis

palpebrarum ; below, it is subcutaneous. By its (Zwep surface, it conceals the origin

of the Compressor nasi and Levator anguli oris muscles, and the infraorbital vessels

and nerves, as they escape from the infraorbital foramen.

The Levator Anguli Oris arises from the canine fossa, immediately below the

infraorbital foramen ; its fibres incline downwards and a little outwards, to be

inserted into the angle of the mouth, intermingling with those of the Zygomatici,

the Depressor anguli oris, and the Orbicularis.

Eelations. By its superficial surface, with the Levator labii superioris and the

infraorbital vessels and nerves. By its deep surface, with the superior maxilla,

the Buccinator, and the mucous membrane.

The Zygomaticus Major is a slender fascicnhis, 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 Orbi-

cularis and Depressor anguli oris.

Relations. By its superficial surface, with the subcutaneous adipose tissue,

By its deep surface, with the malar bone, and the Masseter and Bfl.ccinator

muscles.

The Zygomaticii.s Minor arises from the malar bone, immediately behind the

maxillary suture, and, passing downwards and inwards, is continuous with the

outer margin of the Levator labii superioris. It lies in front of the preceding.

Eelations. By its superficial surface, with the integument and the Orbicularis

palpebrarum above. By its deep surface, with the Levator anguli oris.

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 outwards. The Levator anguli oris raises the

angle of the mouth and draws it inwards ; whilst the Zygomatici raise the upper

lip and draw it somewhat outwards, as in laughing.

7. iNfEEiou Maxillary Region. (Fig. 150.)

Levator Labii Inferioris (Levator menti).

Depressor Labii Inferioris (Quadratus menti).

Depressor Anguli Oris (Triangularis menti).

Dissection. The Muscles in thia region may he dissected by making a vertical incision

thi'Dugh the integument from the margin of the lower lip to the chin : a second incision

should then he carried along the margin of the lower jaw as far as the angle, and the

integument carefully removed iu the direction shown in fig. 149.

The Levator Labii hiferioris (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 frasnum of the lower lip. It arises from the incisive fossa, ex-

ternal to the symphysis of the lower jaw ; its fibres descend to be inserted into the

integument of the chin.

Relations. On its inner surface, with the mucous membrane ; in the median line,

it is blended with the muscle of the opposite side ; and on its outer side, with

the Depressor labii inferioris-
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The Depressor Lahii Inferioris (Quadratus meiitl) is a small quadrilateral muscle,

situated at the outer side of the preceding. It arises from the external oblique

line of the lower ja.w, 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 Orbicularis, and with those of its fellow of the

opposite side. It is continuous with the fibres of the Platysma at its origin. This

muscle contains much yellow fat intermingled with its fibres.

Relations. By its siqjerficial surface, with part of the 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 menibrane of the lower lip, the

labial glands, and the Levator raenti, with which it is intimately united.

The Depiressor Anguli Oris is triangular in shape, arising, by its broad base, from

the external oblique line of the lower jaw, frqm 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 with the Orbicularis and Risorius at its

insertion, and some of its fibres are directly continuous with those of the Levator

anguli oris.

Relations. By its superficiq,! 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 for-

wards, and at the same time wrinkles the integument of the chin. The Depressor

labii inferioris draws the lower lip directly downwards and a little outwards. The
Depressor anguli oris depresses the angle of the mouth, being the antagonist to the

Levator anguli oris g,jid Zygomaticns major; acting with these muscles, it will

draw the angle of the mouth directly backwards.

8. Inter-Maxillary Region.

Orbiculai'is Oris. Buccinator. Risorius.

Sissectiov. The dissection of these Muscles may be considerably facilitated by filling the

cavity of the mouth with tow, so as to disteud the cheeks and lips ; the mouth should then
be closed by a few stitches, and the integument carefully removed from the surface.

The Orhioidaris Oris is a sphincter muscle, elliptic in form, composed of con-

centric fibres, which surround the orifice of the mouth. It consists of two thick

semicircular planes of muscular fibre, which interlace on either side with those of

the Buccinator and other muscles inserted into the lips. On the fi-ee margin of

the lips the muscular fibres are continued uninterruptedly from one lip to the other,

around the corner of the mouth, forming a rotindish fasciculus of fine pale fibres

closely approximated. To the outer part pf each segment some special fibres are

added, by which the lips are connected directly with the maxillary bones and
septum of the nose. The additional fibres for the upper segment consist of four

bands, two of which (Accessorii orbicularis supei-iqres) arise from the alveolar

border of the superior maxilla, opposite the incisor teeth, and arching outwards

on each side, are continuous at the angles of the mouth with the other muscles

inserted into this part. The two remaining muscular slips, called the Naso-

labialis, connect the upper lip to the septum of the nose : ^.s they descend from

the septum, an interval is left between them, which corresponds to that left by the

divergence of the accessory port,ions of the Orbicularis above described. It is

this interval which forms the depression seen on the surface of the skin beneath

the septum of the nose. The additional fibres for the lower segment (Accessorii

orbicularis inferiores) arise froni the inferior maxilla, externally to the Levator

labii inferioris, and arch outwards to the angles of the mouth, to join the Bucci-

nator and the other muscles attached to this part.

Relations. By its superficial surface, with the integument, to which it is closely

(connected. By its deep surface, with the buccal mucous membrane, the labial

glands, and coronary vessels. By its outer circumference, it is blended with the



TEMPORO-MAXILLARY REGION. 217

numerous muscles wbicli converge to the mouth from various parts of the face. Its

inner circumferenoe is free, and covered by the mucous membrane.

The Buccinator is a broad, thin muscle, quadrilateral in form, which occupies the

interval between the jaws at the side of the face. It arises from the outer surface

of the alveolar processes of the upper and lower jaws, corresponding to the three

molar teeth; and, behind, from the anterior border of the pterygo-maxillary liga-

ment. The fibres converge towards the angle of the 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 unin terruptedly into the corresponding segment

of the lip, without decussation.

Relations. By its superficial surface, behind, with a large mass of fat, which

separates it from the ramus of the lower jaw, the Masseter, and a small portion of

the Temporal muscle ; anteriorly, with the Zygomatici, Risorius, Levator anguli

oris. Depressor anguli oris, and Steno's duct, which pierces it opposite the second

molar tooth of the upper jaw ; the facial artery and vein cross it from below

upwards ; it is also crossed by the branches of the facial and buccal nerve. By
its internal surface, with the buccal glands and mucous membrane of the mouth.

Thepterygo-mawillary ligainent 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 jsosterior 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 sepa-

rated from the ramus of the jaw by a quantity of adipose tissue. Its posterior harder

gives attachment to the Superior constrictor of the pharynx ; its anterior border, to

the fibres of the Buccinator.

The Bisorius (Santoripi) consists of a narrow bundle of fibres, which arises in

the fascia over the Masseter muscle, and passing horizontally forwards, is inserted

into the angle of the mouth, joining with the fibres of the Depressor anguli oris. It

is placed superficial to the Platysma, and is broadest at its outer extremity. This

muscle varies much in its size and form.

Nerves. The Oi'bicularis oris is supplied by the f3,cjal, the Buccinator by the

facial and by the buccal branch of the inferior maxill9,ry nerve, whjch la(;ter, how-
ever, is by many anatomists regarded as a sensory nerve only.

Actions. The Orbicularis oris is the direct a.ntagonist of all -those mi}.soles which
converge to the lips from the various parts of the face, its ordinai'y action producing
the direct closure of the lips ; and its forcible action throwing the integument into

wrinkles, on account of the firm conpection between the latter and the surface of

the muscle. The Buccinators contract and compress the cheeks, so that, during
the process of mastication, the food is kept under the immediate pressure of the
teeth.

9. Tempoeo-Maxillart Region.

Masseter. Temporal.

The Masseter has been already exposed by the removal of the integument from
the side of the face (fig. 150) ; it is a short thick mnscle, somewhat quadrilateral
in form, consisting of two portions, superficial and deep. The superficial portion,,

the larger, arises by a stljiick tendinous aponeurosis fi'om the rtjalar process of the
superior maxilla, and from the anterior two-thirds of the lower border of the
zygomatic arch : its fibres pass downwards and backwards, to be inserted into the
angle and lower half of the ramus of the jaw. The cleep portion, is much smaller,

and more muscular in t.exture
;

it arises from the posterior third of the lower
border and the wh.ole 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 of the coronoid process of the jaw. The deep portion of the
muscle is partly concealed, in front, by the superficial portion ; behind, it is

covered by the parotid gland. The fibres of the two portions are united at their

insertion.
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Relations. By its superficial surface, with, the integnment ; above, with the

Orbicularis palpebrarum and Zygomatici ; and with Steno's duct, the branches of

the facial nerve, and the transverse facial vessels, which cross it. By its deep

surface, with the ramus of the jaw, and the Buccinator, from which it is separated by

a mass of fat. Its posterior margin is overlajjped by the parotid gland. Its anterior

margin projects over the Buccinator muscle ;
and the facial artery lies on it below.

The temporal fascia is seen, at this stage of the dissection, covering in the

Temporal muscle. It is a strong aponeurotic investment, affording attachment, by
its inner surface, to the superficial fibres of the muscle. Above, it is a single

layer, attached to the entire estent of the temporal ridge ; but below, where it is

attached to the zygoma, it consists of two layers, one of which is inserted into the

outer, and the other into the inner border of the zygomatic arch. A small quantity

of fat, the orbital branch of the temporal arteiy, and a filament from the orbital

branch of the superior maxillary nerve, are contained between these two layers.

It is covered, on its outer surface, by the aponeurosis of the Occipito-frontalis, the

Orbicularis palpebrarum, the Attollens and Attrahens aurem muscles ; the temporal

vessels and nerves cross it from belo\y upwards.

153—The Temporal Muscle, the Zygoma and Masseter having heen repioved.

Dissection. In order to expose the Temporal muscle, remove the temporal fascia, which
may he effected by separating it at its attachment aloug 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 with the malar bone : and, behind, near the external

auditory meatus, and drawn downwards witli the Masseter, which should be detached from
its insertion into the ramus and angle of the jaw. The whole extent of the temporal muscle
is then exposed.

The Temporal, (fig. 153) 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, which extends from the external angular process of the frontal

in front, to the mastoid portion of the temporal behind ; and from the 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 aponeurosis, the

fibres of which, radiated at its commencement, converge into a thick 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 tooth.
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Relations. By its superficial surface, with the integument, the temporal fascia,

the aponeurosis of the Occipito-frontalis, the Attollens and Attrahens aurem
muscles, the temporal vessels and nerves, the zygoma and Masseter. By its deep

surface, with the temporal fossa, the External pterygoid and part of the Buccinator

muscles, the intern9.1 maxillary artery, its deep temporal branches, and the tem-

poral nerves.

Nerves. Both muscles are supplied by the inferior maxillary nerve.

lO. PTEEYGOrMAXILLAET REGION. (Pig. 1 54.)

Internal Pterygoid. External Pterygoid.

Dissection. The Temporal muscle having been examined, saw through 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, bj' a transverse incision extending across the commencement
of its lower third, just above the dental foramen; removg the fragment, and the Pterygoid
muscles will be expos.ed.

1 54.^The Pterj'goid Muscles ; the Zygomatic Arch and a portion of the

Kamus of the Jaw having been removed.

The Internal Pterygoid is a thick quadrilateral muscle, and resembles the

Masseter, in forjn, structure, aad the direction of its fibres. It arises from the

pterygx>id fossa, being attached to the inner surface of the external pterygoid

plate, and to the grooved surfape of the tuberosity of the palate bone ; its fibres

pass downwards, ojitwards, and backwards, to be inserted, by strong tendinous

lamina3, into the lower and back part of the inner side of the I'amus and angle of

the lower jaw, as high as the dental foramen.

Relations. By its external sitrface, v^'ith the ramus of the lower jaw, from
which it is separated, at its upper part, by the External pterygoid, the internal

lateral ligument, the internal maxillary artery, and the dental vessels and nerves.

By its internal surface, with the Tensor palati, being separated from the Superior

constrictor of the pharynx by a cellular interval.

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 from the pterygoid ridge on the great wing of the sphenoid,

and the portion of bone included between it and the base of the pterygoid process
;

from the outer Surface of the external pterygoid plate ; and from the tuberosity of

the palate and superior maxillary bones. Its fibres pass horizontally backwards
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and outwards, to bo 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. This muscle, at its origin, appears to consist of two portions separated

by a slight interval ; hence the terms upper and lower head, sometimes used in

the description of the muscle.

lielations. By its external surface, with the ramus of the lower jaw, the 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 the Internal

pterygoid, the internal lateral ligament, the middle meningeal artery, and inferior

maxillary nerve ; by its dipper border, it is in relation with the temporal and
masseteric branches of the inferior maxillary nerve.

Nerves. These muscles are supplied by the inferior mamillary nerve.

Actions. The Temporal, Masseter, and Internal pterygoid raise the lower jaw
against the upper with great force. The superficial portion of the Masseter, and
the Internal pterj^goid, assist the Extern;(,l pterygoid in drawing the lower jaw
forwards upon the upper, the jaw being diuwn 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 triturfition of the food, drawing the lower jaw
directly forwards, so as to make the lower teeth project beyond the upper. If the

muscle of one side acts, the corresponding side of the jaw is drawn forwards, and
the other condyle remaining fixed, the symphysis deviates to the opposite side.

The alternation of these movements on the two sides produces trituration.

MUgCLES AND FASCIA OF THE NECK,

The muscles of the Neck may be arranged into groups, corresponding with the

region in which they are situated.

These groups are nine in number :

—

1. Superficial Begiqn.

2. Depressors of the Qs Hyoides

and Larynx.

3. Elevators of the Og Hyoides

and Larynx.

4. Muscles of the Tongue.

5. Muscles of the Pharynx.

6. Muscles of the Soft Palate.

7. Muscles of the Anterior Ver-
tebral Region.

8. Muscles of the Lateral Ver-
tebral Region.

9. Muscles of the Larynx.

I. Superficial Region.

Platysma myoides.

Sterno-cleido-nifvstoid.

Ivfra-hyoid Region.

2. Depressors of the Os Hyoides and
Larynx.

Sterno-hyoid.

Sterno-thyroid.

Thyro-hyoid.

Omo-hyoid,

Siipra-hyoid liegion.

3. ^levators of the Os Hyoides and
Larynx.

Digastric.

Stylo-hyoid.

Mylo-hyoid.

Genio-hyoid.

Lingual liegion.

4, Muscles of the Tongue.

Genio-hyo-glossus.

Hyo-glossus.

Lingualis.

Stylo-glossus.

PalatoTglossus.

5. Muscles of the Pharynx.

Constrictor inferior.

Constrictor medius.

Constrictor superior.

Stylo-pharyngeus.

Palato-pharyngeus.

* This ia the usual relation ; hut in many cases the artery will be found below the
muscle.
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6. Mtisdes of tha Soft Palate. Rectus lateralis.

T , , ,

.

Lonsrus colli.
Juevator palati. °

Tensor palati. 8. Muscles of the Lateral Vertebral

Azygos uvulae. Begioii.

Palato-glossus. „ , ,.

-r, , . , scalenus anticus.
Falato-pliarynseus. 01 t

' •'
° bealenus medius.

ir 7 r _,7 A J ^T 2 1 1
Scalenus posticus.

7. Muscles of tke Anterior Vertebral

Reyion. g. Muscles of the Larynx.

Rectus capitis anticus major.
' Included in the description

Rectus capitis anticus minor. of the Larynx.

I. Superficial Cervical Region.

Platysma Myoides. Sterno-Cleido-Mastoid.

Dissection. A block havingr been placed at the back of the neck, a,nd the face tiu-ned to

the side opposite to 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 tbe course of the Sterno-mastoid muscle, from the mastoid process to the

sternum ; the two flaps of integument having been removed in the direction shown in fig. 149,

the superficial fascia will be exposed.

The superficial cervical fascia is exposed on the removal of the integument from

the side of the neck ; it is an extremely thin aponeurotic lamina, which is hardly

demonstrable as a separate membrane. Beneath it are found the Platysma myoides

muscle, the external jugu.lar vein, and some superficial branches of the cervical

plexus of nerves.

The Platysma Myoides (fig. 150) is abroad thin plane of muscular fibres, placed

immediately beneath the skin on each side of the neck. It arises from the clavicle

and acromion, and from the fascia covering the upper part of the Pectoral, Deltoid,

and Trapezius muscles ; its fibres proceed obliquely upwards and inwards along

the side of the neck, to be inserted into the lower jaw beneath the external oblique

line, some passing forwards to the angle of the mouth, and others becoming lost

in the cellular tissue of the face. The most anterior fibres interlace, in front

of tbe jaw, with the fibres of the muscle of the opposite side ;
those next in order

become blended with the Depressor labii inferioris and the Depressor anguli oris;

others are prolonged upon the side of the cheek, and interlace, near the angle of

the mouth, with the muscles in this situation, and may occasionally be traced to

the 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. It is essential to remember the direction of the fibres

of the Platysma, in connection with the operation of bleeding from this vessel
;

for if the point of the lancet is introduced in the direction of the mtiscular fibres,

the orifice made will be tilled up by the contraction of the muscle, and blood will

not flovv ; but if the incision is made across the course of the fibres, they will

retract, and expose the orifice in the vein, and so facilitate the flow of blood.

Relations. By its external surface, with the integument, to which it is united

closely below, but more loosely above. By its internal surface, with the

Pectoralis major, Deltoid, and Trapezius, and with the clavicle. In the nech,

with the external and anterior jugular veins, the deep cervical fascia, the super-

ficial branches of t.'^e cervical plexus, the Sterno-mastoid, Sterno-hyoid, Omo-hyoid,

and Digastric muscles. In front of the Sterno-mastoid, it covers the sheath

of the carotid vessels ; and behind it, 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.

The deep cervical fascia is exposed on the removal Of the Platysma myoides.
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It 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 spinous processes of the cervical

vertebroe, and to the ligameotum nuchas ; 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 muscle. These join again at the anterior border

of the Sterno-mastoid ; and, being continued forwards to the front of the neck,

blend with the fascia of the opposite side. The superficial layer of the deep cervical

fascia (that which passes in front of the Sterno-mastoid), if traced upwards, is

found to pass across the parotid gland and Masseter muscle, forming the parotid

and masseteric fascia, and is attached to the lower border of the zygoma, and
more anteriorly to the lower border of the body of the jaw ; if the same layer is

traced downwards, it is seen to pass to the upper border of the clavicle and sternum,

being pierced just above the former bone by the external jugular vein. In the

middle line of the neck, the fascia is thin above, and connected to the hyoid bone
;

but it becomes thicker below, and divides, just below the thyroid gland, into two
layers, the more superficial of which is attached to the upper border of the sternum

and interclavicular ligament ; the deeper and stronger layer is connected to the

posterior border of that bone, covering in the Sterno-hyoid and Sterno-thyroid

muscles. Between these two layers is a little areolar tissue and fat, and occasion-

ally a small lymphatic gland. The deep layer of the cervical fascia (that which

lies behind the posterior surface of the Sterno-mastoid) sends numerous pro-

longations, which invest the muscles and vessels of the neck ; if traced upwards,

a process of the fascia, of extreme density, is found passing behind and to the

inner side of the parotid gland, to be attached to the base of the styloid process

and angle of the lower jaw, termed the stylo-maxillary ligament ; if traced down-
wards and outwards, the fascia will be found to enclose the posterior belly of the

Omo-hyoid muscle, binding it down by a distinct process, which descends to be

inserted into the clavicle and cartilage of the first rib. The deep layer of the

cervical fascia also assists in forming the sheath which encloses the common carotid

artery, internal jugular vein, and pneumogastric nerve. There are fibrous septa

intervening between each of these parts, which, however, are included together

in one common investment. More internally, a thin layer is continued across the

trachea and thyroid gland, beneath the Sterno-thyroid muscles ; and at the root of

the neck this may be traced, over the large vessels, to be continuous with the

fibrous layer of the pericardium.

The Sterno-Mastokl, or Sterno-Cleido-Masioid (fig. 155) 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 piece of the

sternum, and is directed upwards, outwards, and backwards. The clavicularportion

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 two-thirds 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 slijDS, separated by narrow intervals. More rarely, the

corresponding margins of the Starno-mastoid and Trapezius have been found in

contact. In the application of a ligature to the third part of the subclavian ai'tery,

it will be necessary, where the muscles come close together, to divide a portion of

one or of both.
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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

process ; behind, the anterior border of the Sterno-mastoid muscle. The boundaries

of the jwsterior triangle are, in front, the posterior border of the Sterno-mastoid

;

below, the upper border of the clavicle ; behind, the anterior margin of the

Trapezius.*

155.—Muscles of the Neck, and Boundaries of the Triaugles.

The anterior edge of the muscle forms a very prominent ridge beneath the

skin which it is important to notice, as it forms a guide to the surgeon in making
the necessary incisions for ligature of the common carotid artery, and for

cesophagotomy.

Relations. By its superficial surface, with the integument and Platysma, from

which it is separated by the external jugular vein, the superficial branches of the

cervical plexus, and the anterior layer of the deep cervical fascia. By its deep

surface, it rests on the sterno- clavicular articulation, the deep layer of the cervical

fascia, the Sterno-hyoid, Sterno-thyroid, Omo-hyoid, the posterior belly of the

Digastric, Levator anguli scapulas, the Splenius and Scaleni muscles. Below, it

is in relation with the lower part of the common carotid artery, internal jugular

vein, pneumogastric, descendens noni and communicans noni nerves, and with the

deep lymphatic glands ; with the spinal accessory nerve, which pierces its upper

third, the cervical plexus, the occipital artery, and a part of the parotid gland.

Nerves. The Platysma myoides is supplied by the facial and superficial branches

* The anatomy of these triangles will be more exacth' described with that of the vessels

of the neck.
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of the cervical plexus ; the sterno-cleido-mastoid by the spinal accessory and deep

branches of the cervical plexus.

Actions. The Platysnia myoides produces a slight wrinkling of the surface of

the skin of the neck, in an oblique direction, where the entire muscle is brought
into action. Its anterior portion-, the thickest part of the muscle, depresses the

Jower jaw ; it also serves to draw down the lower lip and angle of the mouth on
each side, being one of the chief agents in the expression of melancholy. The
Sterno-mastoid muscles, when both are brought into action, serve to depress the

head upon the neck, and the neck upon the chest. Either muscle, acting singly,

flexes the head, and (combined with the Splenius) draws it towards the shoulder

of the same side, and rotates it so as to carry the face towards the opposite

side.

Suri/ical Anatomy. The relations of the sternal and clavicular parts of the Sterno-mastoid

should be carefully examined, as the surgeon is sometimes required to divide one or both
portions of the muscle in %cry neck. One variety of this distortion is produced by spasmodic
coutractiou 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 all other remedies for the relief of this disease have failed, subcutaneous division of

the muscle is resorted to. This is performed by introducing a long narrow bistoury beneath
it, about half an inch above its origin, and dividing it from beiiind forwards whilst the

muscle is put well upon the stretch. There is seldom any ditiiculty in dividing the

sternal portion. In dividing the clavicular portion care must he taken to avoid wounding
the external jugular vein, which runs parallel with the posterior border of the muscle in this

situation.

2. iKFKA-HYOin Eegion. (Eigs. 155, 156.)

DEpressoes of the Os Htoides and Laeykx.

Sterno-Hyoid. Thyro-Hyoid.

Sterno-Thyroid. Omo-Hyoid.

Smection. 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 unless the

Trapezius has been dissected.

T*he StejiiO-Hyoid is a thin, narrow, riband-like muscle, which arises from the

-inner extfeinity of the clavicle, and the upper and posterior part of the first piece

of the sterrtum ; and, passing upwards and inwards, 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 ili the tniddle of their course, and again diverge as they ascend. It

often presents, immediately above its origin, a transverse tendinous intersection,

like those in the Ilectus abdominis.

Vuriaiions. This muscle sometimes arises from the inner extremity of the clavicle, and
the posterior steruo-clavicular ligament; or from the sternum and this ligament; from
either bone alone, or irom all these parts ; and occasionally has a fasciculus connected with

the cartilage of the iirst rib.

Melixtions. By its superficial surface, below, with the sternum, the sternal end

of the clavicle, and the Sterno-inastoid ; and above, with the Platysma and deep

cervical fascia. By ifs deep surface, with the Sterno-thj'i-oid, Crico-thyroid, and

Thyro-hyoid muscles, the thyroid gland, the superior thyi'oid vessels, the crico-

thyi'did and thyro-hyoid membranes.

The Sterno-Thytoid is situated beneath the preceding muscle, but is shorter

and wider than it. It arises from the posterior surface of the first bone of the

sternum, below the origin of the Sterno-hyoid, and occasionally from the edge of

the cartilage of the first rib ; and is inserted into the oblique line on the side

of the ala of the thjroid cartilage. This muscle is in close contact with its

fellow at the lower part of the neck; and is frequently traversed by a transverse

or oblique tendinous intei'sectioui like thbSe in tlie Rectus abdominis.
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Variations. This muscle is sometimes continuous witli tlie Tbyro-liyoid and Inferior con-
strictor of tlie pharynx ; and a lateral prolongation from it sometimes passes as far as the os

hyoides.

Belaticyiis. By its anterior surfacej with tlae Sterno-hyoid, Omo-layoid, and
Sterno-mastoid. By its posterior surface, from below upwards, with the trachea,

vena innominata, commoii 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 remem-
ber in the operation of tracheotomy.

The Thyro-Hyoid is a small quadrilateral muscle appearing like a continuation

of the Sterno-thyroid. It arises from the oblique line on the side of the thyroid

cartilage, and passes vertically upwards to be inserted into the lower border of the

body and greater cornn of the hyoid bone;

1 56.—JIuscles of the Neck. Anterior View.

^^^

'Relations. By its external surface, with the Sterno-hyoid and Omo-hyoid
muscles. By its internal surface, with the thyroid cartilage, the thyro-hyoid mem-
brane, and the superior laryngeal vessels and nerve.

The Omo-Hyoid passes aci'oss 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 liga-

ment 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 across the lower part of the

neck, behind the Sterno-mastoid muscle, where it becomes tendinous ; it then changes

its direction, forming an obttise angle, and the anterior belly ascends almost vertically

upwards, close to the outer border of the Steriio-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 tendon of this muscle, which varies much in its length and form in
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different subjects, is lield in its position by a process of tlie deep cervical fascia,

which includes it in a sheath-, and is prolonged down to be attached to the cartilage

of the first rib. 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 sma.]ler triangles: the two posterior ones being the posterior xuperinr or

occipital, and the posterior inferior or subclavian
; the two anterior, the anterior

superior or superior carotid, and the anterior inferior or inferior carotid triangle.

B.elations. By its superficial surface, with the Trapezius, Subclavius, the clavicle,

the Sterno-mastoid, deep cervical fascia, Platysma, and integument. By its deep

surface, with the Scaleni, brachial plexus, sheath of the common carotid artery,

and internal jugular vein, the descendens noni nerve, Sterno-thyroid and Thyro-

hyoid muscles.

Nerves. The Thyro-hyoid is supplied by the hypoglossal ; the other m.uscles

of this group by branches from the loop of communication between the descendens

and communicans noni.

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 moscles

not only depress the hyoid bone, but carry it backwards, and to one or the other

side. They are also tensors of the cervical fascia. 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.*

3. Supea-Htoid Eegion. (Figs. 155, 156.)

Elevators of the Os Hyoides—Depressors of the Lower Jaw.

Digastric. Mylo-Hyoid.

Stylo-Hyoid. Genio-Hj^oid.

Dissection. To dissect these muscles, a block should he placed beneath the hack 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. The 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, being reflected upwards
and forwards, is inserted into a depression on the inner side of the lower border

of the jaw, close to the symphysis. The tendon of the muscle perforates the Stylo-

hyoid, and is held in connection with the side of the body of the hyoid bone by an

aponeurotic loop, lined by a synovial membrane. A broad aponeurotic layer is

given oS from the tendon of the Digastric on each side, which is attached to the

body and great cornu of the hyoid bone : this is termed the supra-h/oid aponeurosis.

It forms a strong layer of fascia between the anterior portion of the two muscles;

and a firm investment for the other muscles of the supi'a-hyoid region which lie

deeper.

The Digastric musdle divides the anterior superior triangle of the neck into two
smaller triangles

;
the upper, or submaxillary, being bounded, above, by the lower

jaw and mastoid process ; below, by the two bellies of the Digastric muscle : 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.

delations. By its superficial surface, with the Platysma, Sterno- and Trachelo-

* It is this action of the ThYro-hyoid muscle which, as Dr. Buchanan has pointed out,

'causes or permits the foldiun- hack of the epiglottis over the upper orilice of the larynx.'

Journ. of Anat. and Phys. 2nd series, No. III. p. 255.
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mastoid, part of the Stylo-liyoid muscle, and the parotid and submaxillary glands.

Bj its deep surface, the anterior belly lies on the Mylo-hyoid ; the posterior belly

on the Stylo-glossus, Stylo-pharyngeus, and Hyo-glossus muscles, the external

oax'otid artery and its lingual and facial branches, the internal carotid artery,

internal jugular vein^ and hypoglossal nerve.

The Stylo-Hi/oid is a small, slender muscle, lying in front of, and above, the

posterior belly of the Digastric. It arises frOm the middle of the outer surface of

the styloid process. ; and, passing downwards and forwards, is inserted into the body

of tlie-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. The same as the jjosterior belly of thS Digastric.

The Digastric and Stylo-hyoid should be removed, in order to expose the nest

muscle.

The Mylo-TTijoid 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 month. It arises from the whole length of

the mylo-hyoid ridge, from the symphysis in front to the last molar tooth beiiind.

The posterior fibres pass obliquely forwards, to be inserted into the body of the

OS hyoides. The middle and anterior fibres are inserted into a median fibrous

raphe, 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.

delations. By its cutaneous surface, with the Platysma, the anterior belly of the

Digastric, the supra-hyoid fascia, the submaxillary gland, and submental vessels.

By its deep or superior surface, with the Genio-hyoid, part of the Hyo-glossus,

and Stylo-glossus muscles, the lingual and gustatory nerves, the sublingual gland,

and the buccal mucous membrane. Wharton's duct curves round its posterior

border in its passage to the mouth.

JDissectimii The Mylo-hyoid should now he removed, in order to expose the muscles
which lie beneath ; this is eft'ected hy detaching it from its attachments to the hyoid bone
and jaw, and separating it hy a vertical incision from its fellow of the opposite side.

The Oenio-Hyoid is a narrow, slender tnuscle, situated immediately beneath*

the inner border of the preiceding. It arises from the inferior genial tubercle on

the inner side of the symphysis of the jaw, and passes downwards and backwards,

to be inserted into the anterior surface of the body of the os hyoides. This muscle

lies in close contact with its fellow of the opposite side, and increases slightly in

breadth as it descends.

Relations. It is covered by the mylo-hyoid, and lies en the Genio-hyo-glossus.

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-

i hyoid, b}' the hypoglossal.

Actions. This group of muscles performs two very important actions. They
' raise the hyoid bone, and with it the base of the tongue, during the act of deglu-

tition ; or, when the hyoid bone is fixed by its depressors and those of the larynx,

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 w"ith it the
I tongue, is carried upwards and forwards by the anterior belly of the Digastric,

I 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

,t the combined action of all the muscles ; and after the food has passed, the hyoid

li bone is carried upwards and backwards by the posterior belly of the Digastric and

* This refers to the depth of the muscles from the skin in dissecting. In the erect position

1! of the body each of these muscles lies above the preceding.

Q2
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Stylo-hyoid muscles, which assist in preventing the rettirn of the morsel into the

mouth.

4. Lingual Region.

Genio-Hyo-Glossns.

Hyo-Grlossus.

Palato-Glossus.

Lingualis.

Stylo-Glossus.

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 ; and its muscles, which are thus put on the stretch, may be examined.

The Genio-Hyo-Olossus has received its name from its triple attachment to

the jaw, hyoid bone, and tongue ; it is a thin, flatj triangular muscle, placed ver-

tically on either side of the middle line, its apex corresponding with its point of

attachment to the lower jaw, its base with its insertion into the tongue 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, the inferior fibi'es passing down-
wards, to be inserted into the Upper part of the body of the hyoid bone, a few
being continued into the side of the pharynx ; the middle fibres passing backwards,

and the superior ones upwards and forwards, to be attached to the whole length of

the under surface of the tongue, from the base to the apex.

157.—Muscles of the Tongue: Left Side.

Eelations. By its iniernal surface, it is in contact with its fellow of the opposite

side, from which it is separated, at the back part of the tongue, by the fibroas

septum, which extends through the middle of the organ. By its external surface,

with the Lingualis, Hyo-glossus, and Stylo-glossus, the lingual artery and hypo-

glossal nerve, the gustatory nerve, and sublingual gland. By its upper harder,

with the mucous membrane of the floor of the mouth (frjenum linguse). By its

louver harder, with the Genio-hyoid.

The Hyo-Glossus is a thin, flat, quadrilatei-al muscle, which arises from the side
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of the body, the lesser eornu, and whole length of the greater cornu of the hyoid

bone, and passing almost vertically upwards, is inserted into the side of the tongue,

between the Stylo-glossus and Lingualis. Those fibres of this muscle which arise

from the body, are directed upwards and backwards, overlapping those from the

greater cornu, vrhich are directed obliquely forwards. Those from the lesser cornu

extend forwards and outwards along the side of the tongue, under cover of the

portion arising from the body.

The difference in the direction of the fibres of this muscle, and their separate

origin from different parts of the hyoid bone, led Albinus and other anatomists

to describe it as three muscles, under the names of the Basio-glossus, the Kerato-

glossus, and the Chondro-glossus.

BeJations. By its external surface, with the Digastric, the Stylo-hyoid, Stylo-

glossus, and Mylo-hyoid muscles, the gustatory and hypoglossal nerves, Wharton's

duct, and the sublingual gland. By its deep surface, with the Genio-hyo-glossus,

Lingualis, and Middle constrictor, the lingual vessels, and the glosso-pharyngeal

nerve.

The greater part of the muscular substance of the tongue is formed by its in-

trinsic muscle, the lingualis, inferior, superficial, transverse, and vertical. The

158.—A Longitudinal Section of the Toug-ue near the Middle Line, to show the Superficial

Lino-ualis and the Intrinsic Vertical Fibres.

iTT/ej-t'or lingualis (figs. 157, 158)13 a longitudinal band of muscular fibres, situated on

the under surface of the tongue, lying in the interval between the Hyo-glossus and

the Genio-hyo-glossus, and extending from the base to the apex of the organ.

Posteriorly, some of its fibres are lost in the base of the tongue, and others are

159.—A Transverse Section of the Tongue, showing the various Intrinsic and Extrinsic

Muscles in their relative positions. The Intrinsic Vertical Fibres and the Ranine
Artery are removed on one side, and shown on the other.

occasionally attached to the hyoid bone. It blends with the fibres of the Stylo-

glossus, in front of the Hyo-glossus, and is continued forwards as far as the apex

of the tongue. It is in relation, by its under surface, with the ranine artery. The
superficial lingualis (fig. 158) consists of fibres running more or less longitudinally
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along the back of tlae tongue beneath the mucous membrane, and blending with the

deeper fibres. At the sides of the tongue these fibres are crossed by those of the

palato- and hyo-glossus. Between these two are found transverse fibres (fig. 159)
which arise from the median septum, and blend with the fibres of the palato-

glossus and other muscles, as well as a large number of vertical fibres. The
vertical fibres are arranged somewhat parallel with those of the genio-hyo-glossus,

with which ma.ny of those near the middle line are continuous : they extend from

the upper to the lower surface of the tongue, decussating with the fibres of the

other muscles, and especially with the transverse. The interstices of the muscular

fibres are filled with a large quantity of fat and glandular tissue.

A very distinct fibrous septum exists between the two halves of the tongue, so

that the anastomoses between the two lingual arteries are not very free, a fact

often illustrated by injecting one half of the tongue with coloured size, while the

other is left uninjected, or is injected of a different colour.

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 centre, and from

the stylo-maxiliary ligament, to which its fibres, in most cases, are attached by a

thin aponeurosis. Passing downwards and forwards, so as to become nearly hori-

zontal in its direction, it divides upon the side of the tongue into two portions

:

one longitudinal, which is inserted along the side of the tongue, blending with

the fibres of the Lingualis in front of the Hyo-glossus ; the other oblique, which

overlaps the Hyo-glossns muscle, and decussates with its fibres.

Relations. By its external surface, from above downwards, with the parotid

gland, the Internal pterygoid muscle, the sublingual gland, the gustatory nerve,

and the mucous membrane of the mouth. By its internal surface, with the tonsil,

the Superior constrictor, and the Hyo-glossus muscle.

The Palato-Qlossus, or Constrictor Istlimi Faucmm, although it is one of the

muscles of the tongue, serving to draw its base upwards during the act of deglu-

tition, 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 supplied by the palatine branches of Meckel's

ganglion; the -Lingualis, according to some authors, by the chorda tympani ; the

remaining muscles of this group, by the hypoglossal.

Actiotis. The movements of the tongue, although numerous and complicated,

may be understood by carefully considering the dii'ection of the fibres of its

muscles. The Genio-hjjo-glussi, by means of their posterior and inferior fibres,

draw upwards the hyoid bone, bringing it and the base of the tongue forwards, so

as to protrude the apex from the mouth. The anterior fibres will draw tlie

tongue back into the mouth. The whole length of these two muscles acting along

the middle line of the tongue will 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 Ilyo-glossi muscles draw down the sides of the

tongue, so as to render it convex from side to side. The Linguales, superficial and

inferior, by drawing downwards the centre and apex of the tongue, render it

convex from before backwaids. The Palato-glossi draw the base of the tongue

upwards, and the Stylo-glossi upwards and backwards.

5. Pharyngeal Region.

Constrictor Inferior. Constrictor Superior.

Constrictor Medius. Stylo-Pharyngeus.

Palato-Pharyngeus.

Dissection (fiw. 160). 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 tissus 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 tlu'ough from below upwards. The pharyu.x;
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160.—Muscles of the Pharynx,

and moutb should then be stufFed with tow, in order to distend its cavity and render

the muscles tense and easier of dissection.

The Inferior Gonstrictor, the most superficial and thickest of the three con-

strictors, arises from, the side of the cricoid and thyroid cartilages. To the

cricoid cartilage it is attached

External View. in the interval between the

crico-thyroid muscle, in front,

and the articular facet for

the thyroid cartilage behind.

To the thyroid cartilage it

is attached to the oblique

line on the side of the great

ala, the cartilaginous surface

behind it, nearly as far as

its posterior border, and to the

inferior cornn. From these

attachments, the fibres spread

backwards and inwards, to

be inserted into the fibrous

raphe in the posterior median
line of the pharynx. The
inferior fibres are horizontal,

and continuous with the fibres

of the oesophagus ; the rest as-

cend, increasing in obliquity,

and overlap the IMiddle con-

strictor. The snpei'ior laryn-

geal nerve passes near the

upper border, and the inferior,

or recurrent laryngeal, be-

neath the lower border of this

muscle, previous to their en-

tering the larynx.

Relations. It is covei'ed by a dense cellular membrane which surrounds the

entire pharynx. Behind, it is in relation with the vertebral column and the

Longus colli muscle ; laterally, with the thyroid gland, the common carotid

artery, and the Sterno-thyroid muscle ; by its internal surface, with the Middle

constrictor, the Stylo-pharyngeus, Palato-pharyngeus, the pharyngeal aponeurosis,

and the mucous membrane of the pharynx.

. The Middle Gonstrictor is a flattened, fan-shaped muscle, smaller than the pre-

ceding, and situated on a plane anterior to it. It arises fi'om the whole length of

the greater corna 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 the posterior median fibrous raphe, blending in the middle line with
that of the opposite side.

Relations. This muscle is separated from the Superior constrictor by the glosso-

pharyngeal nerve and the Stylo-pharyngeus muscle ; and from the Inferior con-

strictor, by the superior laryngeal nerve. Behind, it lies on the vertebral column,

the Longus colli, and the Rectus anticus major. On each side it 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 is separated by the

lingual vessels. It lies upon the Superior constrictor, the Stylo-pharyngeus, the

Palato-pharyngeus, the pharyngeai aponeurosis, and the mucous membrane.

The Superior Gonstrictor is a quadrilateral muscle, thinner and paler than the

other constrictors, and situated at the upper part of the pharynx. It arises from



232 MUSCLES AN"D FASCIAE.

the lower third of the margiu of the int3rnal ptei'ygoid plate and its hamular

process, from the oontigaous 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 in connection with the Genio-hyo-glossus. From these

points, the fibres curve backwards, to be inserted into the median raphe, being

also prolonged by means of a fibrous aponeurosis to the pharyngeal spine on the

basilar process of the occipital bone. The superior fibres arch beneath the Levator

palati and the Eustachian tube, the interval between the upper border of the

muscle and the basilar process being deficient in muscular fibres, and closed by

fibrous membrane.

Belatio7is. By its outer surface, with the vertebral column, the carotid vessels,

the internal jugular vein, the three divisions of the eighth nerve and the ninth

nerve, the Middle constrictor which overlaps it, and the Stylo-pharyngeus. It

covers the Palato-pharyngeus and the tqnsil, and is lined by the pharyngeal

aponeurosis and by mucous membrane.

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 2^o^g the side of the pharynx between the Superior and Middle con-

strictors, and spreads out beneath the mucous membrane, where some of its fibres

are lost in the Constrictor muscles, and others, joining with the Palato-pharyngeus,

are inserted into the posterior border of the thyroid cartilage. The glosso-pharyngeal

nerve runs on the outer side of this rnuscle, and crosses over it in passing forward

to the tongue.

Relations. Externally, with the Stylo-glossus muscle, the external carotid artery

the parotid gland, and the Middle constrictor. Internally, with the internal carotid

the internal jugular vein, the Superior constrictor, Palato-pharyngeus and mucous
membrane.

Nerves. The muscles of this group are supplied by branches from the pharyngeal

plexus and glosso-pharyngeal nerve, and the inferior constrictor, by an additional

branch from the external laryngeal nerve, and by the recurrent laryngeal.

Actions. When deglutition is about to be performed, the pharynx is drawn
upwards and dilated in diiferent 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, its breadth in the g,ntero-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.

6. Palatal Region.

Levator Palati. Azygos Uvulse.

Tensor Palati. Palato-Glossus.

Palato-Pharyngeus.

Dissection (fig. l6l). Lay open the pharynx from behind, hy 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 palate is then
exposed. Having fixed the uvula so as to make it tense, the mucous membrane 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 is a long, thick, rounded muscle, placed on the outer side

of the posterior nares. It arises from the under surface of the apex of the petrous

portion of the temporal bone, and from the adjoining cartilaginous portion of the
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Eustachian tube ; after passing into the pharynx, above the upper concave margin

of the Superior constrictor, it descends obliquely downwards and inwards, its

fibres spreading out in the posterior surface of the soft palate as far as the middle

line, where they blend with those of the opposite side.

i6i.—Muscles of the Soft Palate. The Pharynx being laid open from behind.

Relations. Externally, with the Tensor palati and Superior constrictor. Liter-

nally, with the mucous membrane of the pharynx. Posteriorly, with the mucous
lining of the soft palate. This muscle must be removed and the pterygoid

attachment of the Superior constrictor dissected away, in order to expose the next

muscle.

The Gircumflexus or Tensor Palati is a broad, thin, riband-like muscle, placed

on the outer side of the preceding, and consisting of a vertical and a horizontal

portion. The vertical portion arises by a broad, thin, and flat lamella from the

scaphoid fossa at the base of the internal pterygoid plate, its origin extending as

far back as the spine of the sphenoid ; it also arises from the anterior aspect of

the cartilaginous portion of the Eustachian tube ; descending vertically between

the internal pterygoid plate 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

and lubricated by a bursa. The tendon or horizontal portion then passes horizontally

inwards, and expands into a broad aponeurosis on the anterior surface of the soft

palate, which unites in the median line with the aponeurosis of the opposite

muscle, the fibres being attached in front to the transverse ridge on the horizontal

portion of the palate bone.
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Relations, i'.rferna//.//, with the Internal pterygoid. Internally, with the Levator

palati, from which it is separated by the Superior constrictor, and the internal

pterygoid plate. In the soft palate, its aponeurotic expansion is anterior to that

of the Levator palati, being covered by mucous membrane.
The Azygos Umdce is not a single muscle, as inaplied by its name, but a pair of

narrow cylindrical fleshy fasciculi, placed side by side in the median line 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

;

lehind, with the mucous membrane.

The two next muscles are exposed by removing the mucous membranes from the pillars of

the soft palate throughout nearly their whole extent.

The Palafo-Glossus (^Constrictor Isthmi Faucium) is a small, fleshy fasciculus,

narrower in the middle than at either extremity, forming, with the mucous mem-
brane covering its surface, the anterior pillar of the soft palate. 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 and dorsum
of the tongue, where it blends with the fibres of the Stylo-glossus muscle. In the

soft palate, the fibres of this muscle arc 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 preceding 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.

The anterior fasciculus, the thicker, lies iu the soft palate between the Levator

and Tensor, and joins in the middle liue the corresponding part of the opposite

muscle ; the posterior fasciculus lies in contact with the mucous membrane, and

also joins with the corresponding muscle in the middle line. Passing outwards

and downwards behind the tonsil, the Palato-pharyngeus joins the Stylo-pharyn-

geus, 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 Ime posteriorly, to decussate with the muscle of the

opposite side.

Relations. In the soft palate, its anterior and posterior surfaces are covered by

mucous membrane, from which it is separated by a layer of palatine glands. By
its superior border, it is in relation with the Levator palati. Where it forms the

posterior pillar of the fauces, it is covered by mu30us membrane, excepting on its

outer surface. In the pharynx it lies between the mucous membrane and the

Constrictor muscles.

Nerves. The Tensor palati is supplied by a branch from the otic ganglion
; the

Levator palati, and Azygos uvulas, by the facial, through the connection of its

trunk with the Vidian, by the petrosal nerves ; the other muscles, by the palatine

branches of Meckel's ganglion.

Actions. During t];ie first act 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, aiid 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 I'auces, contract behind the

fooJ ; the soft palate is slightly raised by the Levator palati, and made tense by

the Tensor palati ; and the Palato-pharyngei contract, and come nearly together,

the uvula filling up the slight interval between them. By these means the food

is prevented passing into the upjjer part of the pharynx or the posterior naras
;

at the same time," the latter muscles form an inclined plane, directed obliquely
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downwards and backwards, along which the morsel descends into the lowerpavt of

the phaiynx.

Surgical Anatoimj. The muscles of the soft palate should be carefully dissected, the re-

lations they hear to the surrounding- parts especially examined, and their action attentively

studied upon the dead subject, as the surgeon is required to divide one or more of these

muscles in the operation of staphyloraphy. Sir W. Fergusson has shown, that in the congenital

dedciency, called deft palate, the edges of the fissure are forcibly separated by the action of

the Levatores palati and Palato-pharj'ngei muscles, producing very considerable impediment
to the healing process after the performance of the operation for uniting their margins by
adhesion ; he has, consequently, recommended the division of these muscles as one of the

most important steps in the operation. This he eil'ects hy an incision made with a curved
knife introduced behind the flap. The incision is to be half-way between the hamular
process and Eustachian tube, and perpendicular to a line drawn between thein. This incision

perfectl}^ accomplishes the division of the Levator palati. The Palato-pharyugeus may be
divided by cutting across the posterior piUar 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 greatly preferred. The
Hap being put upon the stretch, a double-edged knife is passed through the soft palate,

just on the inner side of the hamular 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 the 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, ths Levator palatj will be found completely
divided.

7. Vertebkal Region (Antekiup).

Rectus Capitis Anticas Major. Rectus Lateralis.

Rectus Capitis Anticus Miijor. Longas Colli.

The Rectus Capitis Anticus Major (fig. 162), broad and thick above, n-arrow

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 the

third, fourth, fifth, and sixth cervical vertebree, and ascends, converging towards

its fellow of the opposite side, to be inserted into the basilar process of the occi-

pital bone.

Relations. By its anterior surface, with the pharynx, the sympathetic nerve, and

the sheath enclosing the carotid artery, internal jugular vein, and pneumogastric

nerve. By its posterior surface, with the Longns colli, the Rectus 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

obliquely upwards and inwards, is inserted into the basilar process immediately

behind the preceding muscle.

Relations. By its anterior surface, with the Rectus anticus major. By its poste-

rior surface, with the front of the opcipito-atlantal articulation. Externally, yvith

the superior cervical ganglion of the sympathetic.

The Rectus Lateralis is a short flat 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

I surface, with the vertebral artery. On its outer side lies the occipital artery.

The Longiis Colli is a long flat muscle, situated on the anterior surface of the

i spine, between the atlas and the third dorsal vertebra. It is broad in the middle,

marrow and pointed at each extremity, and consists of three portions, a superior

1 oblique, an inferior oblique, and a vertical portion. The superior oblique portion

I arises from the anterior tubercles of the transverse processes of the third, fourth,

I and fifth cervical vertebree ; and, ascending obliquely inwards, is inserted by a
I narrow tendon into the tubercle on the anterior arch of the atlas. The inferior
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oblique portion, the smallest part of the muscle, arises from the bodies of the first

two or three dorsal vertebrse ; and ascending obliquely outwards, is inserted into

the transverse processes of the fifth and sixth cervical vertebrfB.

The vertical portion lies directly on the front of the spine, and is extended

between the bodies of the lower three cervical and the upper three dorsal vertebrae

below, and the bodies of the second, third, and fourth cervical vertebrae above.

162.—The Prae-Vertebral Muscles.

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 its posterim- surface, with the cervical and dorsal

portions of the spine. Its i^mer border is separated from the opposite muscle by a

considerable interval below ; but they approach each other above.

8. Veetbbkal Region (Lateral).

Scalenus Anticus. Scalenus Medius.

Scalenus Posticus.

The Scalenus Anticus is a conical-shaped mnscje, situq,ted deeply at the side of

the neck, behind the Sterno-mastoid. It arises by a narrow, flat tendon from the

tubercle on the inner border and upper surface of the first rib ; and, ascending

almost vertically, is inserted into the anterior tubercles of the transverse processes

of the third, fourth, fifth, and sixth cervical vertebrse. The lower part of this
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muscle separates tlie subclavian artery and vein : the latter being in front, and

the former, with the brachial plexus, behind.

Relations. In front., with the clavicle, the Subclavins, Sterno-mastoid, and

Omo-hyoid muscles, the Transversalis colli, and ascending cervical arteries, the

subclavian vein, and the phrenic nerve. By its posterior surface, with the pleura,

the subclavian artery, and brachial plexus of nerves. It is separated from the

Longus colli, on the inner side, by the vertebral artery.

The Scalenus Medius, the largest and longest of the three Scaleni, arises, by

a broad origin, from the upper surface of the first rib, behind the groove for the

subclavian artery, as far back as the tubercle ; and, ascending along the side of

the vertebral column, is inserted, by separate tendinous slips, into the posterior

tubercles of the transverse processes of the lower six cervical vertebrse. It is

separated from the Scalenus anticus by the subclavian artery below, and the

cervical nerves above.

Melations. By its anterior surface, with the SternO-mastoid ; it is crossed by the

clavicle, the Omo-hyoid muscle, and subclavian artery. To its outer side is the

Levator anguli scapulse, and the Scalenus posticus muscle.

The Scalenus Posticus, the smallest of the three Scaleni, arises by a thin tendon

from the outer surface of the second rib, behind the attachment of the Serratus

magnuS) and, enlarging as it ascends, is inserted, by two or three separate tendons,

into the posterior tubercles of the transverse processes of the lower two or three

cervical vertebrse. This is the most deeply placed of the thfee Scaleni, and is

occasionally blended with the Scalenus medius.

Nerves. The Rectus capitis anticus major and minor and the Rectus lateralis

are supplied by the suboccipital and deep branches of the cervical plexus ; the

Longus colli and Scaleni, by branches from the lower cervical nerves.

Actions. The Rectus 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 position

after it has been drawn backwards. These muscles also serve to flex the head, and,

from their obliquity, rotate it, so as to turn the face to one or the other side. The
Longus colli will flex and slightly rotate the cer^acal portion of the spine. The
Scaleni muscles, taking their fixed point from below, draw down the transverse

processes of the cervical vertebras, bending the spinal column to one or the other

side. If the muscles of both sides act, the spine will be keep erect. When they

take their fixed point from above, they elevate the first and second ribs, and are,

therefore, inspiratory muscles.

MUSCLES AND FASCI.^ OF THE TRUNK.

The muscles of the Trunk may be arranged in fbur gfoups : the muscles of the

Back, of the Abdomen, of the Thorax, and of the PerinaJum.

Muscles op the Back.

The muscles of the Back az-e very numerous, and may be subdivided into five

layers :

—

First Layee. TfiiRD Latek.

Trapezius. Serratus posticus superior.

Latissimus dorsik Serratus posticus inferior.

Splenius capitis.

Second LateS. Splenius colli.

Levator anguli scapul®. FOUETH Later.

Rhomboideus minor. Sacral and Lumbar Regions.

Rhomboideus major. Erector spinifi.
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Dorsal Region.

Sacro-lumbalis.

Musculus accessorins ad sacro-lumbalem.

Longissimus dorsi.

Spinalis dorsi.

Cervical Megion.

Cervicalis ascendens.

Transvei'salis colli.

Trachelo-mastoid.

Complesus.

Biventer cervicis.

Spinalis colli.

Fifth Later.

Semispinalis dorsi.

Semispinalis colli.

Multifidus spinEe.

Rotatores spinee.

Supraspinales.

Interspinales.

Extensor coccygis.

Litertran s versales.

Rectus capitis posticus major.

Rectus capitis posticus minor.

Obliquus capitis supeinor.

Obliquus capitis inferior.

First Layer.

Trapezius. Latissimus Dor.si.

163.—Dissectiou of the Muscles of the Back._

Dissection (fig. 163). Place the bod}^ 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 to

render the muscles tense. Then make an incision along the middle line of the back, from
the occipital protuberance to the coccyx. Make a transverse incision from the upper end of

this to the mastoid process ; and a third incision from its lower end, along the crest of the

ilium to about its middle. This large intervening: 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 Ihe Trapezius muscle. The flaps of integument are then to be

removed in the direction shown in the figure.

The Trapezius is a broad, flat, triangular muscle, placed immediately beneatli

tlie skin, and covering the upper and back

part of the neck and shoulders. It arises

from the inner third ofthe superior carved

line of the occipital bone; from the Uga-

mentum nuchse, the spinous process of

the seventh cervical, and those of all

the dorsal vertebris ; and from the cor-

responding portion of the supraspinous

ligament. From this origin, the superior

fibres proceed downvrards and outwards,

the inferior ones, upwards and outwards
;

and the middle fibres, horizontally ; and

are inserted, the superior ones, into the

outer third of the posterior border of the

clavicle ; the middle fibres into the inner

margin of the acromion process, and into

the superior lip of the crest of the spine

of the scapula ; the inferior fibres con-

verge near the scapula, and are at-

tached to a triangular aponeurosis, which

glides over a smooth surface at the

inner extremity of the» spine, and is in-

serted into a tubercle at the outer part

of the 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

lustrouSj shining appearance of aponeurosis. At its origin from the spines of

the vertebrffi, it is connected to the bones by means of a broad semi-elliptical
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aponeurosis, wliicli occupies the space between tlie sixth cervical and the third

dorsal vertebrfe, and forms, with the aponeurosis of the opposite muscle, a ten-

dinous 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 diamond-shaped quadrangle ; two angles corresponding to the shoulders
; a

third to the occipital protuberance ; and the fourth to the spinous process of the

last dorsal vertebra.

The clavicular insertion of this muscle varies as to the extent of its attach-

ment ; 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.

Belations. By its superficial surface, with the integument, to which it is closely

adherent above, but separated below by an aponeui'otic lamina. By its deep sur-

face, in the neck, with the Complesus, Splenius, Levator anguli scapulce, and
Rhomboideus minor ; in the back, with the Rhomboidens major, Supraspinatus,

Infraspinatus, a small portion of the Serratus posticus superior, the vertebral

aponeurosis (which separates it from the Erector spinse), and the Latissimus dorsi.

The spinal accessory nerve passes beneath the anterior border of this muscle, near

the clavicle. The a.nterior 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 Ligameiihim Niichce (fig 164) 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 slip is given off to the spinous process of each

of the cervical vertebrfe, 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 im-

portant 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 an aponeurosis from the

spinous processes of the sis inferior dorsal, from those of the lumbar and sacral

vertebrae, and from the supraspinous ligament. Over the sacrum, the aponeurosis

of this muscle blends with the tendon of the Erector spinas. 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. 167, p. 251). From
this extensive origin the fibres pass in clifTerent directions, the upper ones horizon-

tally, the middle obliquely upwards, and the lower vertically upwards, so as to

converge and form a thick fasciculus, which ci'osses 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 itself, so that the superior

fibres become at first posterior and then inferior, and the vertical fibres at first

anterior and then superior. It then terminates in a short quadrilateral tendon,

about three inches in length, which, passing in front of the tendon of the Teres

major, is inserted into the inner lip and into the bottom of the bicipital groove of

the humerus, and its insertion extends higher on the humerus than that of the

tendon of the Pectoralis major. The lower border of the tendon of this muscle is

united with that of the Teres major, the surfaces of two being separated by a bursa;

another bursa is sometimes interposed between the muscle and the inferior angle

of the scapula.

A muscular slip, varying from 3 to 4 inches in length, and from j to J of an inch in breadth,

occasionally arises from the upper edge of the Latissimus dor.si, about the middle of the

postevior fold of the axilla, and crosses the axilla in front of the axillary vessels and nerves,

to join the under surface of the tendon of the Pectoralis major, the Coraco-brachialis, or
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164.—Muscles of the Back. On the Left Side is exposed the First Layer

;

on the Right Side, the Second Layer and part of the Third.
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the fascia over the Biceps. The position of this abnormal slip is a point of interest in its

relation to the axiUary artery, as it crosses the vessel just above the spot usually selected for

the application of a ligature, and maj' mislead the surgeon during the operation. It may be
easily recognised by the transverse direction of its fibres. Dr. Struthers found it, in 8 out of

105 subjects, occurring seven times on both sides,

Relations. Its superficial surface is subcutaneous, excepting at its upper part,

vphere it is covered by the Trapezius. By its deep surface, it is in relation with

the Erector spinse, the Serratus posticus inferior, the lower intercostal muscles

and ribs, the Serratus magnus, inferior angle of the scapula, Rhomboideus major,

Infraspinatus, and Teres major. Its outer margin is separated below, from the

External oblique, by a small triangular interval ; and another triangular interval

exists between its upper border and the margin oi the Trapezius, in which the

Intercostal and Rhomboideus major muscles are exposed.

Nerves. The Trapezius is supplied by the spinal accessoi-y, and deep branches

of the cervical plexus ; the Latissimus dorsi by the long subscapular nerve.

Second Latek.

Levator anguli Scapute. Rhomboideus Minor.

Rhomboideus Major.

Dissection. The Trapezius must be removed in order to expose the next layer ; to effect

this, detach the muscle from its attachment to the clavicle and spine of the scapula, and turn

it back towards the spine.

The Levator Anguli Scapulce is situated at the back part and side of the neck.

It arises by four tendinous slips from the posterior tubercles of the transverse

processes of the three or four upper cervical vertebr® ; 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, betwean the supeiior angle and

the triangular smooth surface at the root of the spine.

Relations. By its superficial (anterior} surface,with the integument, Trapezius,

and Sterno-mastoid. By its deep (ijosterior) surface, with the Splenius colli,

Transversalis colli, Cervicalis ascendens, and Sen-atus posticus superior, and with

the transversalis colli and posterior scapular arteries.

The Rhomboideus Minor arises from the ligamentum nuchse and spinous pro.

cesses of the seventh cervical and first doj-sal vertebrfe. 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

Rhomboideus major by a slight cellular interval.

The Rhomboideus Majoris 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 vertebrfe and the supraspinous

ligament, and is inserted into a narrow tendinous arch, attached above to the

triangular surface near the spine ; below, to the inferior angle, the arch being

I connected to the border of the scapula by a thin membrane. When the arch

I extends, as it occasionally does, but a short distance, the muscular fibres are

I inserted into the scapula itself.

Relations. By their superficial (p>osterior') surface, with the integument and
Trapezius

; the Rhomboideus major, vdth the Latissimus dorsi. By their deep

(anterior) surface, with the Serratus posticus superior, posterior scapular artery,

part of the Erector spinse, the intercostal muscles and ribs.

Nerves. These muscles are supplied by branches from the fifth cervical nerve,

!i and additional filaments from the deep branches of the cervical plexus are distri-

II bnted to the Levator anguli scapulse.

I Actions. The movements effected by the preceding muscles are numerous, as

II may be conceived from their extensive attachment. If the head is fixed, the upper

ipart of the Trapezius will elevate the point of the shoulder, as in supporting

f weights ; when the middle and lowe:F fibr'e.s are brought into action, partial rotation

jof the scapula upon the side of the chest is produced. If the shoulders are fixed,

R
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both Trapezii acting together will draw the head directly backwards, or if only-

one acts, the head is drawn 'to the corresponding side.

The Laiisshiius Dorsi, when it acts upon the humerus, draws it backwards and

downwards, and at the same time rotates it inwards. 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 drawing the whole trunk

forwards, as iu climbing or walking on crutches.

The Levator Anguli Seapulce raises the superior angle of the scapula after it has

been depressed by the lower fibres of the Trapezius, whilst the Rhomboid muscles

carry the inferior angle backwards and upwards, thus producing a slight rotation

of the scapula upon the side of the chest. If the shoulder be fixed, the Levator

anguli scapute may incline the neck to the corresponding side. The Rhomboid
muscles acting together with the middle and inferior fibres of the Trapezius, will

draw the scapula directly backwards towards the spine.

Third Layer.

Serratus Posticus Superior. Serratus Posticus Inferior.

c! 1 • f Splenius Capitis.
Splenius < o 1 • n 11-^

[ Splenius Colh.

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 anguli scapulae and
Rhomboid muscles near their insertion, and reflecting them upwards, to expose the Serratus

posticus superior, dividing the Latissimus dorsi in the middle by a vertical incision carried

from its upper to its lower part, and reflecting the 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 aponeu-

rosis from the ligamentum nuchae, and from the spinous processes of the last

cervical and two or three upper dorsal vertebrae. Inclining downwards and out-

wards, it becomes muscular, and is inserted, by four fleshy digitations, into the

upper borders of the second, third, fourth, and fifth ribs, a little beyond thfeir

angles.

Relations. By its .'superficial surface with the Trapezius, Rhomboidei, and
Serratus magnus. By its deep surface, with the Splenius, upper part of the

Erector spinse, 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 preceding, and
separated from it by a considerable interval. It arises by a thin aponeurosis from

the spinous processes of the last two dorsal and two or three upper lumbar vertebrae,

and from the interspinous ligaments. Passing obliquely upwards and outwards, it

becomes fleshy, and divides into four flat digitations, which are inserted into the

lower borders of the four lower ribs, a little beyond their angles.

Belations. By its superficial surface, with the Latissimus dorsi, with the

aponeurosis of which its own aponeurotic origin is inseparably blended. By its

deep surface, with the lumbar fascia, the Erector spins, ribs and Intercostal

muscles. Its upper margin is continuous with the vertebral aponeurosis.

The Vertebral Aponeurosis is a thin aponeurotic lamina, extending along the

whole length of the back part of the thoracic region, serving to bind down the

Erector spinse, and separating it from those piuscles 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 Inferior serratus and tendon of the Latissimus

dorsi ; above, it passes beneath the Splenius, and blends with the deep fascia of

the neck.

Now detach the Serratus posticus superior from its origin, and tmn it outwards, when the

Splenius muscle will be brought into view.
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The Splenius is situated at the back of the neck and upper part of the dorsal

region. At its origin, it is a single muscle, narrow, 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 nuchse, from

the spinous processes of the last cervical and of the six upper dorsal vertebrse,

and fi'om the supraspinous ligament. From this origin, the fleshy fibres proceed

obliquely upwards and outwards, forming a broad flat muscle, which divides as it

ascends into two portions, the Splenius capitis and Splenius colli.

The Splenius Capitis is inserted into the mastoid process of the temporal bone,

and into the rough surface on the occipital bone beneath the superior curved line.

The Splenitis Colli is inserted, by tendinous fasciculi, into the posterior tubercles

of the transverse processes of the tlrree or four upper cervical vertebrae.

The Splenius is separated from its fellow of the opposite side by a triangular

interval, in which is seen the Complexus.

delations. By its superficial surface, with the Trapezius, from which it is

separated below by the Rhomboidei and the Serratus posticus superior. It is

covered at its insertion by the Sterno-mastoid. By its deep) surface, with the Spinalis

I dorsi, Longissimus dorsi, Semispinalis colli, Complexus, Trachelo-mastoid, and
Transversalis coUi.

Nerves. The Splenius and Superior serratus are supplied from the external

posterior branches of the cervical nerves ; the Inferior serratus from the external

branches of the dorsal nerves.

Actions. The Serrati are respiratory muscles acting in antagonism to each

other. The Serratus posticus superior elevates the ribs ; it is, therefore, an inspi-

ratory muscle ; while the Serratus inferior draws the lower ribs downwards, and

is a muscle of expiration. 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, assisting the Trapezius and Complexus ; acting sepa-

rately, they draw the head to one or the other side, and slightly rotate it, turning

iithe face to the same side. They also assist in supporting the head in the erect

position.

Fourth Layek,

Sacral and Lumbar Regions. Cervical Region.

Erector Spins. Cervicalis Ascendens

Dorsal Region. Transversalis Colli.

Sacro-Lumbalis. Trachelo-Mastoid.

Musculus Accessorius ad Sacro-Lumbalem. Complexus.

Longissimus Dorsi. Biventer Cervicis.

Spinalis Dorsi. Spinalis Colli.

Dissection. To expose the muscles of the fourth layer, remove entirely the Serrati and
ertebral aponeurosis. Then detach the Splenius by separating its attachment to the

pinous processes, and reflecting it outwards.

The Erector Spinm (fig. 165), and its prolongations in the dorsal and cervical

egions, fill up the vertebral groove on each side of the spine. It is covered in

he lumbar region by the lumbar aponeurosis ; in the dorsal region by the Serrati

mscles and the vertebral aponeurosis ; and in the cervical region by a layer of

3rvical fascia continued beneath the Trapezius. This large muscular and tendinous

itass varies in size and structure at difierent parts of the spine. In the sacral

vJgion, the Erector spinse is narrow and pointed, and its origin chiefly tendinous

I structure. In the lumbar region, the muscle becomes enlarged, and forms a

,rge fleshy mass. In the dorsal region, it subdivides into two parts, which

ii-adually diminish in size as they ascend to be inserted into the vertebree and ribs,

fad are gradually lost in the cervical region, where a number of special muscles

!'e superadded ; which are continued upwards to the head, and support it upon

le spine.

The Erector spina; arises from the sacro-iliac groove, and from the anterior

E 2
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sui'face of a very broad and thick tendou, which is attached, internally, to the

spines of the sacrum, to the spinous processes of the lumbar and three lower dorsal

vertebrse, 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 li^amfent. The muscular fibres form a single large fleshy mass,

bounded in front by the transverse processes of the lumbar vertebree, and by the

middle lamella of the aponeurosis of origin of the Transversalis muscle. Opposite

the last rib, it divides into two parts, the Sacro-lumbalis, and the Lougissimus

dorsi.

The Sdcm-Lumhalis (Ilio-Costalis), the external and smaller portion of the

Erector spinte, is inserted, by six or seven flattened tendons, into the angles of

the six lower 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 Sacro-lumbalis 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 Sacro-himbalem arises, by separate flattened tendons,

from the angles of the six lower ribs ; these become ml^scular, and are finally

inserted, by separate tendons, into the angles of the six upper ribs.

The Cervicalis ascendens* is the continuation of the Accessorius upwards into the

neck : it is situated on the inner side of the tendons of the Accessorius, arising from

the ailgles 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 fourth, fifth,

and sixth cervical vertebrae.

The Lonyissimus Dorsi, the inner and larger portion of the Erector spinee,

arises, with the Sacro-lumbalis, from the common origin above described. In

the lumbar region, where it is as yet blended with the Sacro-lnmbalis, some of

the fibres are attached to the whole length of the posterior surface of the transverse

processes of the lumbar vertebrse, to the tubercles at the back of the articular

processes, and to the middle layer of the aponeurosis of origin of the Transversalis

abdominis muscle. In the dorsal region, the Longissimus dorsi is inserted,

by long thin tendons, itito the tips of the transverse processes of all the dorsal

vertebrfe, and into from seven to eleven 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 Transversalis colli and Trachelo-

mastoid.

The Trarisversalis Colli, placed on the inner side of the Longissimus dorsi, arises

by long thin tendons from the summits of the transverse jirodesseS of the third,

fourth, fifth, and sixth dorsal vertebrte, and is inserted by similar tendons into

the posterior tubercles of the transverse processes of the five lower Cervical.

The Trachelo-mastoid lies on the inner side of the preceding, between it and

I the Complexus muscle. It arises by four tendons, from the transverse processes

of the third, fourth, fifth, and sixth dorsal vertebi-se, 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

1 the mastoid process, beneath the Splenius and Sterno-mastoid muscles. This

small muscle is almost always crossed by a tendinous intersection near its insertion

I into the mastoid process.

The Spinalis Dorsi connects the spinous processes of the upper lumbar and

I the dorsal vertebrae together by a series of muscular and tendinous slips, which

a are intimately blended with the Longissimus dorsi. It is situated at the inner side

I-' of the Longissimus dorsi, arising, by three or four tendons, from the spinous

I

processes of the first two lumbar and the last two dorsal vertebras : these uniting,

* This mu8cle is sometimes called ' Cervicalis descendans.' The student shoidd remember
:l that these long muscles take their fixed point from above or from below, according to

;i circumstances.
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form a small muscle, which is inserted, by separate tendons, into the spinous

processes of the dorsal vertebrge, 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 vertebra, and analogous to the Spinalis dorsi in the dorsal region.

It varies considerably in its size, and in its extent of attachment to the vertebras,

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 and sixth cervical vertebra;, and occasionally from the

first and second dorsal, and is inserted into the spinous process of the axis, and

occasionally into the spinous process of the two vertebrse 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

Traohelo-mastoid. It arises, by a series of tendons, about seven in number, fi-om

the tips of the transverse processes of the upper three dorsal and seventh cervical,

and from the articular processes of the three cervical above this. The tendons

uniting form a broad muscle, which passes obliquely upwards and inwards, and is

inserted into the innermost depression between the two curved lines of the occi-

pital bone. This m.uscle, about its middle, is traversed by a transverse tendinous

intersection.

The Biventer Gervicis is a small fasciculus, situated on the inner side of the

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 separate muscle, arising, by from two to fonr tendinous slips, from

the transverse processes of as many of the upper dorsal vertebras, and inserted,

on the inner side of the Complexus, into the superior curved line of the occipital

bone.

Relations. The muscles of the fourth layer are bound down to the vertebrae

and ribs in the dorsal and lumbar regions by the lumbar fascia and vertebral

aponeurosis. The inner part covers the muscles of the fifth layer. In the neck

they are in relation, by their superficial surface, with the Trapezius and Splenius
;

by their deep surface, with the Semispinalis dorsi and colli and the Recti and
Obliqui. The Biventer cervicis is separated from its fellow of the opposite side

hj the ligamentum nuchaa, and the Complexus from the Semispinalis colli by the

profunda cervicis artery, the princeps cervicis artery, and branches of the

posterior cervical plexus of nerves.

Nerves. The Erector spinas and its subdivisions in the dorsal region are

supplied by the external posterior branches of the lumbar and dorsal nerves ; the

Cervicalis ascendens, Transversalis colli, Trachelo-mastoid, and Spinalis cervicis,

by the external posterior branches of the cervical nerves ; the Complexus by the

interna] posterior branches of the cervical nerves, the saboccipital and great

occipital.

Fifth Later.

Semispinalis Dorsi. Extensor Coccygis.

Semispinalis Colli. Intertransversales.

Multifidus= Spinse. Rectus Capitis Posticus Major.

Rotatores Spinse. Rectus Capitis Posticus Minor.

Supraspinales. Obliquus Capitis Superior.

Interspinales. Obliquus Capitis Inferior.

Dissection. Remove the muscles of the preceding layer by dividing and turning aside the
Complexus ; then detaching the Spinalis and Longissimus dorsi from their attachments,
dividing the Erector spinge at its connection below to the sacral and lumbar spines, and
turning it outwards. The muscles filling up the interval between the spinous and transverse

processes are then exposed.

The Semispinalis muscles (fig. 165) connect the transverse and articular pro-
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cesses to the spinous processes of tbe Tertebrse, extending from the lower part of

the dorsal region to the npper part of the cervical.

The Semispinalis Dorsi 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 vertebrse, from the tenth or

eleventh to the fifth or sixth ; and is inserted, by five or six tendons, into the

spinous processes of the upper four dorsal and lower two cervical vertebrse.

The Semispinalis Colli, thicker than the preceding, arises by a series oftendinous

and fleshy points from the transverse processes of the upper four dorsal vertebrae

and from the articular processes of the lower four cervical vertebrce : and is

inserted into the spinous processes of four cervical vertebr®, from the axis to the

fifth cervical. The fasciculus connected with the axis is the largest, and chiefly

muscular in structure,

Relations. By their superficial surface, from below upwards, with the Longis-

simus dorsi. Spinalis dorsi, Splenius, Complexus, the profunda cervicis artery, the

priQceps cervicis artery, and the posterior cervical plexus of nerves. By their

deep surface, with the Multifidus spiuEe.

The Multifidus SpincB consists of a number of fleshy and tendinous fasciculi,

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 spinffi ; in the iliac region, from the inner surface of the

posterior superior spine of the ilium, and posterior sacro-iliac ligaments
; in the

lumbar and cervical regions, from the articular processes ; and in the dorsal region,

from the transverse processes. Each fasciculus, ascending obliquely upwards and

inwards, is inserted into the lamina and whole length of the spinous process of one

of the vertebra 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.

Belations. By its superficial surface, with the Longissimus dorsi, Spinalis dorsi,

Semispinalis dorsi, and Semispinalis colli. By its deep surface, with the laminss

and spinous processes of the vertebrre, and with the Rotatores spinas in the dorsal

region.

The Rotatores Spince are found only in the dorsal region of the spine, beneath

the Multifidus spina; ; 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

surface of the lamina of the vertebra above, the fibres extending as far inwards as

the root of the spinous process. The first is found between tbe first and second

dorsal ; the last, between the eleventh and twelfth. Sometimes the number of

these muscles is diminished by the absence of one or more from the upper or

lower end.

The Supraspinales consist of a series of fleshy bands, which lie on the spinous

processes in the cervical region of the spine.

The Interspinales are short muscular fasciculi, placed in pairs between the

spinous processes of the contiguous j vertebra;. In the cervical region, they are

most distinct, and consist of six pairs, the first being situated between the axis

and third vertebra, and tbe 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 vertebrse, 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 Goccygis is a slender muscular fasciculus, occasionally present,
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wMcli extends over tlie lower part of tlie 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

which exists in some animals.

The Trdertransversales are small muscles placed between the transverse processes

of the vertebree. In the cervical region, they are most developed, consisting of

two rounded muscular and tendinous fasciculi, which pass between the anterior

and posterior tubercles of the transverse processes of two contiguous vertebrae,

separated from one another by the anterior branch of a cervical nerve, which

lies in the groove between them, and by the vertebral artery and vein. In this

region there are seven pairs of these muscles, the first being between the atlas

and axis, and the last between the seventh cervical and first dorsal vertebrffi. In

the dorsal region, they are least developed, consisting chiefly of rounded tendinous

cords in the intertransverse spaces of the upper dorsal vertebrse ; but between the

transverse processes of the lower three dorsal vertebrse, and the first lumbar, they

are muscular in structure. In the hmibar region, they are four in number, and
consist of a single muscular layer, which occupies the entire interspace between

the transverse processes of the lower lumbar vertebrae, whilst those between the

transverse processes of the upper lumbar are not attached to more than half the

breadth of the process.

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 imme-
diately below it. As the muscles of the two sides ascend upwards and outwards,

they leave between them a triangular space, in which Are seen the Recti capitis

postici minores muscles.

Relations. By its superficial surface, with the Complexus, and, at its insertion,

with the Superior oblique. By its deep surface, with the posterior arch of the

atlas, the posterior occipito-atloid 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.

Relations. By its superficial surface, with the Complexus. By its deep surface,

with the posterior occipito-atloid ligament.

The Ohliquus Capitis Inferior^ the larger of the two oblique muscles, arises from

the apex of the spinous process of the axis, and passes almost horizontally outwards,

to be inserted into the apex of the transverse process of the atlas.

Relations. By its superficial surface with the Complexus, and with the pos-

terior branch of the second cervical nerve which crosses it. By its deep surface,

with the vertebral artery, and posterior atlo-axoid ligament.

The Ohliquus Capitis Superior, narrow below, wide and expanded above, arises by
tendinous fibres from the upper part of the transverse process of the atlas, joining

with the insertion of the preceding, and, passing obliquely upwards and inwards,

is inserted into the occipital bone, between the two curved lines, external to the

Complexus. Between the two oblique muscles and the Rectus posticus major a

triangular interval exists, in which are seen the vertebral artery, and the posterior

branch of the suboccipital nerve.

Relations. By its superficial surface, with the Complexus and Trachelo-mastoid.

By its deep surface, with the posterior occipito-atloid ligament.

Nerves. The Semispinalis dorsi and Rotatores spins are supplied by the internal

posterior branches of the dorsal nerves ; the Semispinalis colli, Supraspinales,

and Interspinales, by the internal posterior branches of the cervical nerves
; the

Interti-ansversales, by the internal posterior branches of the cervical, dorsal, and

lumbar nerves; the Multifidus spinas, by the same, with the addition of the
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internal posterior branches of the sacral nerves. The Recti and Obliqui mtiscles

are all supplied by the suboccipital and great occipital nerves.

Actions. The Erector sjjinaj, comprising the Sacro-lumbalis, with its accessory

muscles, the Longissimus dorsi and Spinalis dorsi, serves, as its Bame implies, to

maintain the spine in the erect posture ; it also serves to beiid 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 frona the neck, or

when there is any great abdominal development, as in pregnancy or dropsy ; the

peculiar gait under such circumstances depends upon the spine being drawn back-

wards, by the counterbalancing action of the Erector spinte muscles. The muscles

which form the continuation of the Erector spinas upwards steady the head and

neck, and fix them in the upright position. If the Sacro-lumbalis and Longissimus

dorsi of one side act, they serve to draw down the chest and spine to the corre-

sponding side. The Cervicalis ascendens, taking its fixed point from thfe cervical

vertebra, elevates those ribs to which it is attached. The Multifidus spinee acts

successively upon the different parts of the spine ; thus, the sacrum furnishes a

fixed point from which the fascicnh of this muscle act upon the lumbar region
;

these then become the fixed points for the fasciculi moving the dorsal region, and

so on throughout the entire length of the spine
; it is by the successive 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 mtiscle.

The Multifidus spina;, besides preserving the erect position of the spine, serves

to rotate it, so that the front of the trunk is turned to the side opposite to that

from which the muscle acts, this muscle being assisted iii its action by the Obliquus

externus abdominis. The Complex!, the analogues of the Multifidus spinee in the

neck, 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
Rectus capitis posticus minor and the Superior oblique draw the head backwards

;

and the latter, from the obliquity in the direction of its fibres, may turn the face

to the opposite side. The Rectus capitis posticus major and the Obliquus inferior

rotate the atlas, and, with it, the cranium round the odontoid process, and turn

the face to the same side.

Muscles of the Abdomen.

The Muscles in this region are, the

Obliquus Externus. Rectus.

Obliquus Internus. Pyramidalis.

Transversalis. Quadratus Lumborum;

Dissection (fig. 166). To dissect the abdominal muscles, make a vertical incision from the

ensiform cartilage to the pubes, a second incision from the umbilicus obUquely upwards and
outwards to the outer surface of the chest, as high as the lower border of the fifth or sixth

rib, and a third, commencing midway between the umbilicus and pubes, transversely out-

wards to the anterior superior iliac spine, and along the crest of the ilium as far as its poste-

rior third. Then reflect the three flaps included between these incisions from within out-

wards, in the line of direction of the muscular flbres. If necessary, the abdominal muscles
may he made tense by inflating the peritoneal cavity through the umbilicus.

The External or Descending Oblique Muscle (fig. 167) is situated on the side

and fore part of the abdomen ; being the largest and the most superficial of the

I three flat muscles in this region. It is broad, thin, and irregularly quadrilateral,

I its muscular portion occupying the side, its aponeurosis the anterior wall of the

I abdomen. It arises, by eight fleshy digitations, from the external surface and
I lower borders of the eight inferior ribs ; these digitations are arranged in an ob-

I lique line running downwards and backwards ; the upper ones being attached close

I to the cartilages of the corresponding ribs ; the lowest, to the apex of the cartilage

( of the last rib ; the intermediate ones, to the ribs at some distance from their car-

t tilages. The five superior serrations increase in size from above downwards, and
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1 66.—Dissection of Abdomen.

are received between corresponding processes of the Serratus magnus; tlie three

lower ones diminish in size from above downwards, receiving between them cor-

responding processes from the Latissimus

dorsi. Trom these attachments, the fleshy

fibres proceed in various directions. Those

from the lowest ribs pass nearly verti-

cally downwai'ds, 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, ter-

minate in tendinous fibres, which spread

out into a broad aponeurosis. This apo-

neurosis, joined with that of the opposite

muscle along the median line, covers the

whole ofthe front of the abdomen ; above,

it is connected with the lower border of

the Pectoralis major ; below, its fibres are

closely aggregated together, and 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 apo-

neurosis of the opposite muscle, forming

the linea alba, and extends from the ensi-

form cartilage to the symphysis pubis.

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 Poupart's ligament. The
portion which is reflected from Poupart's ligament into the pectineal line is called

Gimhernafs 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 the triangular ligament.

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 sepa-

ration of the fibres of the aponeurosis in this situation : it serves for the trans-

mission of the spermatic cord in the male, and the round ligament in the female.

This opening is directed obliquely upwards and outwards, and corresponds with

the course of the fibres of the aponeurosis. It is bounded, below, by the crest of

the os pubis ; above, by some curved fibres, which pass across the aponeurosis at

the upper angle of the ring, so as to increase its strength ; and, on either side, by
the margins of the aponeurosis, which are called the pillars of the ring. Of
these, the external, which is, at the same time, inferior, from the obliquity of its

direction, is inserted into the spine of the os pubis. The internal, or superior pillar,

is attached to the front of the pubes and symphysis pubis, and interlaces with the

corresponding fibres of the opposite muscle, the fibres of the right muscle being

superficial. To the margins of the pillars of the external abdominal ring is

attached an exceedingly thin and delicate fascia, which is prolonged down over

the outer surface of the cord and testis. This has received the name of inter-

columnar fascia, from its attachment to the pillars of the ring. It is also called

the external spermatic fascia, from being the most external of the fascise which

cover the spermatic cord.

Relations. By its external s^aface, with the superficial fascia, superficial epi-

gastric and circumflex iliac vessels, and some cutaneous nerves. By its internal

* All these parts will be found more particularly described below, with the Surgical

Anatomy of Hernia.



OF THE ABDOMEN. 251

surface, with fbe Internal oblique, the lower part of the eight inferior ribs, and

Intercostal muscles, the cremaster, the spermatic cord in the male, and roxmd

ligament in the female. Its posterior harder is occasionally overlapped by the

Latissimus dorsi ; sometimes an interval exists between the two muscles, in which

is seen a portion of the Internal obliqne.

167.—The External Oblique Muscle.

^iit.Jlii/amlnaJ Siny-
Cimlcrnat's Lig''

Dissection. Detach the External oblique by dividing it across, just in front of its attaeb-

ment to the ribs, as far as its posterior border, and separating it below from the crest of the

ilium as far as the spine ; then separate the muscle carefuUy from the Internal oblique, wbich
lies beneath, and turn it towards the opposite side.

The Internal or Ascending Oblique Muscle (fig. 168), thinner and smaller than

the preceding, beneath which it lies, 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 Ponpart's ligament, being attached to the groove on its

upper surface ; from the anterior two-thirds of the middle lip of the crest of the

ilium, and from the lumbar fascia. From this origin, the fibres diverge : those

from Poupart's ligament, few in number and paler in colour than the rest, arch
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downwards and inwards across the spermatic cord, to be inserted, conjointly with

tliose of the Transversalis, into the crest of the os pubis and pectineal line, to the

extent of half an inch, forming what is known as the conjoined tendon of the

Internal obliqne and Transversalis ; those from the anterior superior iliac spine

are horizontal in their direction ; whilst those which arise from the fore part of

the crest of the ilium pass obliquely upwards and inwards, and terminate in an

aponeurosis, which is continued forwards to the linea alba ; the most posterior

fibres ascend almost vertically upwards, to be inserted into the lower borders of

the cartilages of the four 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 abdo-

minal ring, serving to protect what would otherwise be a weak point in the abdomen.

1 68.—The Internal Oblique Muscle.

Sometimes this tendon is insafficient to resist the pressure from within, atid is car-

ried forward in front of the protrusion through the external ring, forming one of

the coverings of direct inguinal hernia.

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 the

linea, alba, and extends from the margin of the thorax to the pubes. At the

outer margin of the Rectus muscles, this aponeurosis, for the upper three-fourths

of its extent, divides into two lamelte, which pass, one in front and the other

behind the muscle, enclosing it in a kind of sheath, and reuniting on its inner
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border at the linea alba ; the anterior layer is blended with the aponeurosis of

the External oblique muscle ; the posterior layer with that of the Transversalis.

Along the lower fourth, the aponeurosis passes altogether in front of the Rectus
without any separation.

Relations. By its external surface, with the External oblique, Latissimus dorsi,

spermatic cord, and external ring. By its internal surface, with the Transversalis

muscle, fascia transversalis, internal ring, and spermatic cord. Its lower border

forms the upper boundary of the spermatic canal.

-The Transversalis, Rectus, and Pyramidalis Muscles.

Binsection. Detach the Internal oblique in order to expose the Transversalis beneath.

This may be effected by dividing the muscle, above, at its attachment to the ribs ; below,

at its connection with Poupart's ligament and the crest of the ilium ; and behind, by a

vertical incision extending from the last rib to the crest of the ilium. The muscle should

previously he made tense by drawing upon it with the fingers of the left band, and if its

division is carefully effected, the cellular interval between it and the Transversal, 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 muscle should then be thrown forwards

towards the linea alba.
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The Transversalis muscle (fig. 169) so called from tlie direction of its fibres, is

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, its anterior three-fourths,

from the inner surface of the cartilages of the six lower ribs, interdigitating with

the Diaphragm, and by a broad aponeurosis from the spinous and transverse pro-

cesses of the lumbar vertebrse. The lower fibres curve downwards, and are

inserted, together with those of the Internal oblique, into the crest of the os pubis

and pectineal line, forming what was described above as the conjoined tendon of

these muscles. Throughout the rest of its extent the fibres pass horizontally

inwards, and near the outer margin of the Rectus, terminate in an aponeurosis,

which is inserted into the linea alba ; its upper three-fourths passing behind the

Rectus muscle, blending with the posterior lamella of the Internal oblique ; its

lower fourth passing in front of the Rectus.

Relations. By its external surface, with the Internal oblique, the inner surface

of the lower ribs, and Internal intercostal muscles. Its inner surface is lined by
the fascia transversalis, which separates it from the peritoneum. Its lower border

forms the upper boundary of the spermatic canal.

Lunibar Fascia (fig. 170). The vertebral aponeurosis of the Transversalis divides

into three la.yers : an anterior, very thin, which is attached to the front part of the

transverse processes of the lumbar vertebra, and, above, to the lower margin of

the last rib, where if forms the ligamentum arcuatum externum : a middle layer,

much stronger, which is attached to the apices of the transverse processes ; and

a posterior layer, attached to the apices of the spinous processes. Between the

1 70.—A Transverse Section of the Abdomen in the Lumbar Region.

anterior and middle layers is situated the Quadratus lumborum ; between the

middle and posterior, the Erector Spinse. The posterior lamella of this aponeurosis

receives the attachment of the Internal oblique ; it is also blended with the apo-

neurosis of the Serratus posticus inferior and with that of the Latissimus dorsi,

forming the lumbar fascia.

Dissection. To expose the Rectus muscle, open its sheath by a vertical incision extending

from the margin of the thorax to the pubes, 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 wall of the sheath terminates in a thin curved margin will he seen.

The Rectus Abdominis is a long flat muscle, which extends along the whole

length of the front of the abdomen, being separated from its fellow of the opposite

side by the linea alba. It is much broader above than below, and arises by two
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tendons, the external or larger being attaclied 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 symphysis pubis. The fibres ascend

vertically, and the muscle, becoming broader and thinner at its upper part, is

inserted by three portions of unequal size into the cartilages of the fifth, sixth,

and seventh ribs. Some fibres are occasionally connected with the costo-xiphoid

ligaments, and side of the ensiform cartilage.

The Rectus muscle is traversed by a series of tendinous intersections, which

vary from two to five in number, and have received the name Lineaa transversa.

One of these is usually situated opposite the umbilicus, and two above that point

;

of the latter, one corresponds to the ensiform cartilage, and the other, to the interval

between the ensiform cartilage and the umbilicus ; there is occasionally one below

the umbilicus. These intersections pass transversely or obliquely across the muscle

in a zigzag coarse ; they rarely extend completely through its substance, some-

times pass only halfway across it, and are intimately adherent to the sheath in

which the muscle is enclosed.

The Rectus is enclosed in a sheath (fig. 170) 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 margin of the

Rectus, it divides into two lamellse, one of which passes in front of the Rectus, blend-

ing 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 the fascise exists along

the upper three-fourths of the muscle : at the commencement of the lower fourth,

the posterior wall of the sheath terminates in a thin curved margin, or falciform

edge, the concavity of which looks downwards towards the pubes ; the aponeuroses

of all three muscles passing in front of the Rectus v^'ithout any separation. The
Rectus muscle, in the situation where its sheath is deficient, is separated fi-om 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 Rectus, 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 e?:tremity, 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 Rectus 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.

The Quadratiis Lumhorum (fig. 165, p. 244) is situated in the lumbar region ; it

is irregularly quadrilateral in shape, broader below than above, and consists of two

portions. One portion arises by aponeurotic fibres from the ilio-Iumbar 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, about half its length, and by four

small tendons, into the apices of the transverse processes of the third, fottrth, and

fifth lumbar vertebrae. The other portion of the muscle, situated in front of the

preceding, arises from the upper borders of the transverse processes of the third,

fourth, and fifth lumbar vertebra, and is inserted into the lower margin of the

last rib. The Quadratus lumboi-um is contained in a sheath formed by the anterior

and middle lamellps of the aponeurosis of origin of the Transversalis.

Belations. 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 dia-

phragm. Its posterior sheath separates the Quadratus in front from the Erector

spinas behind, the external edge of the Quadratus, however, overlapping the

Erector spines to a slight extent.

Nerves. The abdominal muscles are supplied by the lower intercostal, ilio-hypo-

gastric, and ilio-inguinal nerves. The Quadratus lumborum receives filaments

from the anterior branches of the lumbar nerves.
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In the description of the abdominal muscles, mention has frequently been made
of the linea alba, lineae semilunares and lineaa transversse ; when the dissection of the

muscles is completed, these structures should be examined.

The linea alba is a tendinous raphe or cord seen along the middle line of the

abdomen, extending from the ensiform cartilage to the pubes. It is placed

between tbe inner borders of the Recti muscles, and is formed by the blending of

the aponeuroses of the Oblique and Transversalis muscles. It is narrow below,

corresponding to the ng,rrow interval existing between the Recti, 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 cipatrix being stronger than the neigh-

bouring parts ; hence umbilical hernia occurs in the adult above the umbilicus,

whilst in the foetus it occurs at the umbilicus. The linea 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 linem semilunafes are two curved tendinous lines, placed one on pach side

of the linea alba. Each corresponds with the outer border of the Rectus muscle,

extends from the cartilage of the eighth rib to the pubes, and is formed by

the aponeiirQsis of the internal oblique at its point of division to enclose the

Rectus, where it is reinforced in front and behind by the External oblique and

Transversalis.

The linem transversa are three or four narrow transverse lines which intersect

the Rectus muscle as already mentioned : they connect the lineee semilunares with

the linea alba.

Actions. The abdominal muscles perform a threefold action.

When the pelvis and thorax are fixed, they compress the abdomiijal viscera,

by constricting the cavity of the abdomen, in which action they are materially

assisted by the descent of the diaphragm. By these means the foetus is expelled

from the uterus, the fseces from the rgctum, the urine from the bladder, and its

contents from the stomach in vomiting.

If the spine is fixed, these muscles compress the lower part of the thorax,

materially assisting in expiration. If the spine is not 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 s^me time taking place

to the opposite side.

If the thorax is fixed, these muscles acting tpgether, dr^w the pelvis upwards,

as in climbing ; or, acting singly, they draw the pelvis upwards, and rotate the

vertebral column to one side or the other. The Recti muscles, acting frpm below,

depress the thorax, and consequently flex the vertebral column ; when acting from

above, they flex the pelvis upon the vertebrg,l column. The Pyramidales are tensors

of the linea alba.

The Quadratus lumborum, by the portion inserted into the last rib, draws

down and fixes that hope, acting thereby as a muscle of forced expiration : by the

portion inserted into the lumbar vertebrae, it draws the spine towards the ilium,

and thus inclines th§ trunk towards its own side : or, if the thorax and spine be

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.

Muscles and PAsciiE of the Thokax.

The Muscles exclusively connected witjb the bones in this region are few in

number. They are the

Intercostales Externi. Infracostales.

Intercostales Interni. Triangularis Sterni.

Levatores Costarum.



OF THE THORAX. 257

Intercostal Fascke. A tliin 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, more delicate, is interposed between the two planes of mnsiailar

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 sjsine,

behind.

The Intercostal Muscles (fig. 1 74) are two thin planes of muscular and tendinous

structure, 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 External Intercostals are eleven in number on each side, being attached to

the adjacent margins of each pair of ribs, and extending 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 for-

wards to the sternum. They arise from the outer lip of the groove on 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 ribs. Their fibres are

directed obliquely downwards and forwards, in a similar direction with those of

the External oblique muscle. They are thicter 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, Sacro-lumbalis,

Long'issimus dorsi, Cervicalis ascendens, Transversalis colli, Levatores eostarum,

and the Obliquus externus abdominis. By their internal surface, with a thin layer

of fascia, which separates them from the intercostal vessels and nerve, and the

Interna] intercostal muscles, and, behind, from the pleura.

The Internal Intercostals, also eleven in number on each side, are placed on the

inner surface of the preceding, commencing anteriorly at the sternum, in the

interspaces between the cartilag;es of the true ribs, and from the anterior extre-

mities of the cartilages of the false ribs. 'Ihey extend backwards as far as the

angles of the ribs ; whence they are continued to the vertebral column by a thin

aponeurosis. They arise from the inner lip of the groove on the lower border of

each rib, as well as from the corresponding costal cartilage, and are inserted into

the upper border of the rib below. Their fibres are directed obliquely downwards
and backwards, decussating with the fibres of the preceding.

Selations. By their external surface, with the External intercostals, and the

intercostal vessels and nerves. By their internal surface, with the Pleura costalis.

Triangularis sterni, and Diaphragm.

The Intercostal muscles consist of muscular and tendinous fibres, the latter being

longer and more numerous than the former ; hence the walls of the intercostal

spaces possess very considerable strength, to which the crossing of the muscular
fibres materially contributes.

A muscle or muscular slip is occasionally found running more or less vertically upwards
over the anterior parts of the ribs, which has been named ' Supraoostal muscle ' by Mr. J.

Wood (' Proc. Royal See.,' June 1 5, 1865), and ' Rectus thoracis ' by Prof. Turner (' Journ.
of Anat. and Phys.,' ser. 2, No. II., p. 392). The latter writer conjectures that it is homo-
logous with the prolongation of the Rectus abdominis muscle to the thorax, which is

met with in some animals. In a case figured by Prof. Tiuner, the muscle arose by two
heads, one from the fifth rib (the breadth of which alone separated it from the Rectus
abdominis) and the other from the fourth, and ascended beneath the Pectoralis major

I muscle to he inserted into the first rib, close to- the tendon- of the Suhclavius muscle..

The Infracostales consist of muscular and aponeurotic fasciculi, which vary in

number and length ; they arise from the inner surface of one rib, and are insertecj

i into the inner surface of the first, second, or third rib below. Their direction is-

1 most usually oblique, like the Internal intercostals. They are most frequent

I between the lower ribs.

The Triangularis Sterni is a thin plane of muscular and tendinous fibres,

S
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Bifcuated uiDon tlie inner wall of tlie front of the chest. It arises from the lower

part of the side of the sternum, from the inner 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 digitatious

into the lower border and inner surfaces of the costal cartilages of the second,

third, fourth, and fifth ribs. The lowest fibres of this 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 difierent bodies, but on opposite sidea

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.

The Levatores Gostarmn (fig. 165), twelve in number on each side, are small

tendinous and fleshy bundles, which arise from the extremities of the transverse

processes of the dorsal vertebras, and passing obliquely downwards and outwards,

are inserted into the upper rough surface of the rib below them, between the tubercle

and tlie angle. That for the first rib arises from the transverse process of the last

cervical vertebra, and that for the last from the eleventh dorsal. 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 vertebrse.

Nerves. The muscles of this group are supplied by the intercostal nerves.

Actions. The Intercostals are the chief agents in the movement of the ribs in

ordinary respiration. The External intercostals raise the 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 lower borders, and so diminish the thoracic cavity ; but at the fore part of

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.

Muscles of Inspiration and Expiration. The muscles which assist the action of

the Diaphragm in inspiration are the Intercostals and the Levatores costarum as

above stated, the Scaleni, the Serratus posticus superior, and to a slight extent the

Subclavius. When the need for more forcible action exists, the shoulders and the

base of the scapula are fixed, and then the jjowerful muscles of forced inspiration

come into play ; the chief of these are the Serratus magnus, Latissimus dorsi, and

the Peotorales, particularly the Pectoralis minor. The Sterno-mastoid also, when
the head is fixed, assists in foi'ced inspiration, by drawdng uji the sternum, and by
fixing the clavicle, and thus afibrding a fixed point for the action of the muscles of

the chest.

The ordinary action of expiration is merely passive, the resilience of the ribs and

the elasticity of the lungs producing atendency to a vacuum. This causes the ascent

of the abdominal viscera covered by the Diaphragm. Forced expiratory actions

* The view of the aetion of the Intercostal muscles given in the text is that which ig

taught by Hutchinson ('Oyol. of Anat. and Phys.,' art. Thorax), and is usually adopted in

our schoola. It is, however, much disputed. Hamherger believed that the External inter-

costals act as elevators of the ribs, or muscles of inspiration, while the Internal act in

expiration. Haller taught that both sets of muscles act in common—viz. as muscles of

inspiration— and this view is adopted by many of the best anatomists of the Continent, and
appears supported by many observations made on the human subject under various conditions

of disease, and on living animals in whom the muscles have been e.-tposed under chloroform.

The reader may consult an interesting paper by L)r. Cleland, in the ' Journal of Anat. and
Phys.,' No. II., Jlay 1867, p. 209, 'On the Hutchinsouian Theory of the Action of the

Intercostal Muscles,' who refers also to Henle, Luschka, Budge, and Baumler, ' Observations

on the Action of the Intercostal Muscles,' Erlangen, 1S60. (In 'New Syd. Soc.'s Year-
Book for 1861/ p. 69.)
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are performed mainly by the flat muscles (Obliqui and Transversalis) of tlie

abdomen, assisted also by tlie Rectus. Other muscles of forced expiration are

the Internal intercostals and Triangularis sterni (as above mentioned), the

Serratus posticus inferior, the Qaadratus lumborum, and the Sacro-lumbalis.

DiAPHEAGMATIC REGION.

Diaphragm.

The Diaphragm {lauppayfin, a partition ivall) (fig. 171) is a thin musculo-fibrous

septum, placed obliquely at the janction of the upper with, the middle third of the

trunk, and separating 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, somewhat fan-shaped, the broad elliptical portion being horizontal, the

narrow part, which represents the handle of the fan, vertical, and joined at right

171.—The Diaphragm. Under Surface.
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angles to the former. It is from this circumstarnco 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

useven inferior ribs, interdigitating with the Transversalis; and behind, to two

laponeurotic arches, named the ligamonturn arcuatum externum and internum, and
I to the lumbar vertebras. The fibres from these sources vary in length ; those aris-

iiing from the ensiform appendix are very short and occasionally aponeurotic ; those

from the ligamenta arcuata, and more especially those from the ribs at the side of

Ithe chest, are longer, describe well-marked cuz'ves as they ascend, and finally con-

I verge to be inserted into the circumference of the central tendon. IJetweon the sides

S 2
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of the mnscular 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 pleuras ; on the abdominal, by the perito-

neum. 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, and occasionally the second

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 second lumbar vertebra.

The ligamentum arcuatum externum is the thickened upper margin of the anterior

lamella of the transversalis fascia ; it arches across the upper part of the Quadratus

lumborum, being attached, by one estremity, to the front of the transverse process

of the second lumbar vertebra ; and, by the other, to the apex and lower margin

of the last rib.

To the spine, the Diaphragm is connected by two crura, 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 second, third, and fourth lumbar vertebrsB ; the left, from the second and

third ; both blending with the anterior common ligament of the spine. A tendinous

arch is thrown across the front of the vertebral colomn, from the tendon of one

crus to that of the other, beneath which pass the aorta, vena azygos major, and

thoracic duct. The tendons terminate in two large fleshy bellies, which, with the

tendinous portions above alluded to, are called the crura, or pillars of the dia-

phragm. The outer fasciculi of the two crura are dii-ected upwards and outwards

to the central tendon ; but the inner fasciculi decussate in front of the aorta, and

then diverge, so as to surround the oesophagus before ending in the central tendon.

The anterior and larger of these fasciculi is formed by the right crus.

The Central or Cordiform Tendon of the Diaphragm is a thin tendinous apo-

neurosis, 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 largest ; the middle

one, directed towards the ensiform cartilage, the next in 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 into straight or curved bundles

—

an aiTangement which afibrds it additional strength.

The Openings connected with the Diaphragm are three large and several

smaller apertures. The former are the aortic, the oesophageal, and the opening

for the vena cava.

The aoHic opening is the lowest ,and the most posterior of the three large aper-

tures connected with this muscle. It is situated in the middle line, immediately

in front of the bodies of the vertebrae ; and is, therefore, iehind the Diaphragm,

not in it. It is an osseo-aponeurotic aperture, formed by a tendinous arch thrown

across the front of the bodies of the vertebrae, from the crus on one side to that

on the other, and transmits the aorta, vena azygos major, thoracic duct, and occa-

sionally the left sympathetic nerve.

The Ksopliagecd opening, elliptical in 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 preceding. It transmits the oesophagus and pneumogastric nerves.

The anterior margin of this ajperture is occasionally tendinous, being formed by

the margin of the central tendon.

The opening for the vena cava is the highest ; it is quadrilateral in form, ten-
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dinous in structure, and placed at tbe 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 right crus transmits the sympathetic and the greater and lesser splanchnic

nerves of the right side ; the left crus, 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 npjDcr 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 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 luoulded over the convex surface of the liver, and having rested upon

it the concave base of the right lung. The left portion is arched from before

backwai-ds in a similar manner ; but the arch is narrower in front, being encroached

upon by the pericardium, and lov^er than the right, at its summit, by about three-

quarters of an inch. It supjjorts the base of the left lung, and covers the great

end of the stomach, the spleen and left kidney. The central portion, which sup-

ports the heart, is higher, in front at the sternum, and behind at the vertebrae,

than the lateral portions ; the reverse is the case in the parts further removed

from the surface of the body.

The height of the Diaphragm is constantly varying during respiration, the

muscle being carried upwards or downwards from the average level; its height

also varies according to the degree of distension of the stomach and intestmes, and

the size of the liver. After a forced expiration, the right arch is on a level, in front

with the fourth costal cartilage ; at the side, with the fifth, sixth, and 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, it descends from

one to two inches ; its slope would then be represented by a line drawn from the

ensiform cartilage towards the tenth rib.

Nerves. The DiaphragTn is supplied by the phrenic nerves.

Actions. The action of the Diaphragm modifies considerably the size of the

chest and the position of the thoracic and abdominal viscera. During a forced

inspiration, the cavity of the thorax is enlarged in the vertical direction from

two to three inches, partly by the ascent of the walls of the chest, partly by the

descent of the Diaphragm. The chest, consequently, encroaches upon the

abdomen: the lungs are expanded, and lowered, in relation with the ribs, nearly

two inches ; the heart being drawn down about an inch and a half ; the descent of

the latter organ taking place indirectly through the medium of its connection with

the lungs, as well as directly by means of the central tendon to which the peri-

cardium is attached. The abdominal viscera are also pushed down (the liver, to

the extent of nearly three inches), so that these organs are no longer protected

by the ribs. During expiratimi, when the Diaphragm is passive, it is pushed up
by the action of the abdominal muscles ; the cavity of the abdomen (with the

organs contained in it) encroaches upon the chest, by which the lungs and heart are

compressed upwards, and the vertical diameter of the thoracic cavity diminished.

The Diaphragm is passive when raised or lowered, by the abdominal organs, in-

dependently of respiration, in proportion as they are large or small, full or empty
;

hence the oppression felt in the chest after a full meal, or fi-om flatulent distension

of the stomach and intestines.

In all expulsive acts the Diaphragm is called into action, to give additional

power to each expulsive effort. Thus, before sneezing, coughing, laughing, and
crying ; before vomiting

;
previous to the expulsion of the urine and fueces, or of

the foetus from the womb, a deep inspiration takes place.*

* For a detailed description of the general relations of the Diaphragm, and its action, refef

to Dr. Sibson's ' Medical Anatomy.'
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MUSCLES AND FASCIA OF THE UPPER EXTREMITY.

The Muscles of the Upper Extremity are divisible into groups, corresponding

with the different res-ions of the limb.

pL^'r^ ( Plexor profundus digitorum.

CD gis Flexor longus pollicis.
n LPronator quadratus.

Of the Shouldek.

Anterior Thoracic Bee/ion.

Pectoralis major.

Pectoralis minor.

Subclavius.

Lateral Thoracic Region.

Serratus magnus.

Acromial Region.

Deltoid.

Anterior Scajndar Region.

Subscapularis.

Posterior Scapular Region.

Supraspinatus.

Infraspinatus.

Teres minor.

Teres major.

Op the Arm.

Anterior Humeral Region.

Coraco-brachialis.

Biceps.

Brachialis anticus.

Posterior Humeral Region.

Triceps.

Subanconeus.

Of the Pokearm;

Anterior Brachial Region.

^ r Pronator radii teres.
c3 I ...
'o -ri \ Flexor carpi radialis.
«=" ? J r> 1 -1
o d" !

Palmans longus.

^>^ Flexor carpi ulnaris.

^-^ L Flexor snblimis digitorum.

Dissection of Pectoral Her/ion and Axilla (fig. 172). The arm being drawn away from the

side nearly at right angles with the trunk, and rotated outwards, make a vertioal 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

eusiform cartilage to the iimer 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 obliquely downwards, along

the interspace between the Pectoral and Deltoid muscles, as low as the fold of the arm-pit.

The flap of integument is then to be dissected olf 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 lower end of the sternum to the side of the chest, as far as

the posterior fold of the arm-pit, and the integument reflected outwards, the axillary space

will be more completely exposed.

Fascm op the Thoeas.

The superficial fascia of the thoracic region is a loose cellulo-fibrous l&jer,

continuous vnth the superficial fascia of the neck and upper extremity above, and

Radial Region.

Supinator longns.

Extensor carpi radialis longior.

Extensor carpi radialis brevior.

Posterior Brachial Region.

.S . r Extensor communis digitorum.

=n ^J Extensor minimi digiti.

S^j
I

Extensor carpi ulnaris.

^ '- Anconeus.

{Supinator brevis.

Extensor ossis metacarpi pollicis.

Extensor primi internodii pollicis.

Extensor secundi internodii pollicis.

Extensor indicis.

Op the Hand.

Radial Region.

Abductor pollicis.

Flexor ossis metacarpi pollicis (opponens).

Flexor brevis pollicis.

Abductor pollicis.

Ulnar Region.

Palmaris brevis.

Abductor minimi digiti.

Flexor brevis minimi digiti.

Flexor ossis metacarpi minimi digiti

(opponens).

Palmar Region.

Lumbricales.

Interossei palmares.

Interossei dorsales.
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S.Disscetiij/i cf

SHOULDtR & ARM

of the abdomen below
; opposite the mamma, it subdivides into two layers, one of

which passes in front, the other be-
i72.-Dissection of Upper Extremity. hind that gland ; and from both of

these layers numerous septa pass
into its substance, supporting its

various lobes : from the anterior

layer, fibrous processes pass for-

ward to the integument and nipple,

enclosing in their areoliB masses of

fat. These processes were called

by Sir A. Cooper the ligamenta

suspensoria, from the support they
afford to the gland in this situation.

On removing the superficial fascia

with the mamma the rfeep fascia of

the thoracic region is exposed : it is ti

.BEND ofELBOW thin aponeurotic lamina, covering

the surface of the great Pectoral

muscle, and sending numerous pro-

longations between its fasciculi : it
"^ORE-ARM

i3 attached, in the middle line, to

the front of the sternum ; and,

above, to the clavicle : it is very
thin over the upper part of the

muscle, somewhat thicker in the

interval between the Pectoralis

major 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 ; these proceed as far as the spinous processes of the dorsal vertebrte,

to which they are attached. At the lower part of the thoracic region, this fascia

is well developed, and is continuous with the fibrous sheath of the Recti muscles.

PALM f/ HAND

Anterior Thoracic Region.

Pectoralis Major. Pectoralis Minoi".

Subclavius.

The Pecfsralis Major (fig. 173) is a broad, thick, triangular muscle, situated at

the 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 stei-num, as low down as the attachment of the cartilage of

the sixth or seventh rib; its origin consisting of aponeurotic fibi'es, which intersect

with those 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 oblique muscle of the abdomen. The
fibres from this extensive oi-igin 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 the rest by a cellular

interval : those from the lower part of the sternum, and the cartilages of the lower

true ribs, pass upwards and outwards ; whilst the middle fibres jsass horizontally.

As these three sets of fibres converge, they are so disposed that the upper overlap

the middle, and the middle the lower portion, the fibres of the lower portion being

folded backwards upon themselves ; so that those fibres which are lowest in front

become highest at their point of insertion. They all terminate in a flat tendon,

about two inches broad, which is inserted into the anterior bicipital ridge of the
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humerus. This tendon consists of two laminfe, placed one in front of the other,

and usually blended together below. The anterior, tbe thicker, receives the cla-

vicular and upper half of the sternal portion of the muscle ; the posterior lamina

receiving the attachment of the lower half of the sternal portion. From this

arrangement it results, that the fibres of the upper and middle portions of the

muscle are inserted into the lower part of the bicipital ridge ; tbo.se of the lower

portion, into the upper part. The tendon, at its insertion, is connected with that of

the Deltoid ; it sends up an expansion over the bicipital groove towards the head of

173.—Mu.5cles of the Chest and Front of the Arm. Superficial View.

the humerus ; another backwards, which lines the groove; and a third to the fascia

of the arm.

Relations. By its anterior surface, with the integument, the superficial fascia, the

Platysma, and the mammary gland. By its posterior surface—its thoracic portion,

with the sternum, the ribs and costal cartilages, the Subclavius, Pectoralis minor,

Seri-atus magnus, and the Intercostals ; its axillary portion forms the anterior

wall of the axillary space, and covers the axillary vessels and nerves. Its upper

border lies parallel with the Deltoid, from which it is separated by the cephalic

vein and descending branch of the thoracico-acromialis artery. Its lower border
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forms tlie anterior margin of the axilla, being at first separated from tlie Latissimus

dorsi by a considerable interval ; bnt both muscles gradually converge towards the

outer part of the space.

Peculiarities. In muscular subjects, the sternal origins of the two Pectoral muscles are

separated only by a narrow interval ; but this interval is enlarged where these muscles are ill

developed. Very rarely, the whole of the sternal portion is deficient. Occasionallj', one or

two additional muscular slips arise from the aponem'osis of the E.xternal oblique, and become
united to the lower margin of tlie Pectoralis major. A slender muscular slip is occasionally

found lying parallel with the outer margin of the sternum, overlapping the origin of the

pectoral muscle. It is attached, by one end, to the upper part of the sternum near the origin

of the sterno-mastoid ; and, by the other, to the anterior wall of the sheath of the Rectus
abdominis. It has received the name ' Rectus sternalis.'

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 carefully examined. The Pectoralis minor is now exposed, and
immediately above it, in the interval between its upper border and the clavicle, a strong

fascia, the costo-coracoid membrane.

The costo-coracoid inevibrane protects the axillary vessels and nerves ; it is

very thick and dense externally, where it is attached to the ooracoid process, and

is continuous with the fascia of the arm ; more internally, it is connected with the

lower border of the clavicle, as far as the sternal extremity of the first rib ; traced

downwards, it passes behind the Pectoralis minor, surrounding, in a more or less

complete sheath, the axillary vessels and nerves; and, above, it sends a prolongation

behind the Subclavius, which is attached to the lower border of the clavicle, and

so encloses the muscle in a kind of sheath. The costo-coracoid membrane is

pierced by the cephalic vein, the thoracico-acromialis artery and vein, superior

thoracic artery and anterior thoracic nerves.

The Pectoralis Minor (fig. 174) is a thin, flat, triangular muscle, situated at

the upper part of the thorax, beneath the Pectoralis major. It arises by three

tendinous aigitations, from the upper margin and outer surface of the third, fourth,

and fifth ribs, near their cartilages, and from the aponeurosis covering the Inter-

costal muscles ; the fibres pass upwards and outwards, and converge to form a flat

tendon, which is inserted into the anterior border of the coracoid process of the

scapula.

Relations. By its anterior surface, with the Pectoralis major, and the superior

thoracic vessels and nerves. By its posterior surface, with the ribs, Intercostal

muscles, Serratus magnus, the axillary space, and the axillary vessels and nerves.

Its upper border is separated from the clavicle by a triangular interval, broad

internally, narrow externally, bounded in front by the costo-coracoid membrane,

and internally by the ribs. In this space are seen the axillary vessels and nerves.

The costo-coracoid membrane should now be removed, when the Subclavius muscle will

be seen.

The Suhclavius is 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

cartilage of the first rib, in front of the rhomboid ligament ; the fleshy fibres

proceed obliquely 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 or axillary vessels and bi'aohial plexus

of nerves. Its anterior surface is separated from the Pectoralis major by the costo-

coracoid aponeurosis, which, with the clavicle, forms an osteo-fibrons sheath in

which the muscle is enclosed.

If the costal attachment of the Pectoralis minor is divided across, and the muscle re-

flected outwards, the axillary vessels and nerves are brought fully into view, and should be
e.xamined.

Nerves. The Pectoral muscles are sujsplied by the anterior thoracic nerves; the

Subclavius, by a filament from the cord formed by the union of the fifth and sixth

cervical nerves.
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Actions. If the arm has been raised by the Deltoid, the Pectoralis major will,

conjointly with the Latis^imus dorsi and Teres major, depress it to the side of

the chest; and, if acting singly, it will draw the arm across the front of the chest.

The Pectoralis minor depresses the point of the shoulder, drawing the scapula

downwards and inwards to the thorax. The Subclavius depresses the shoulder,

drawing the clavicle downwards and forwards. When the arms are fixed, all three

muscles act upon the ribs, drawing them upwards and expanding the chest, and
thus becoming very important agents in forced inspiration. Asthmatic patients

always assume this attitude, fixing the shoulders, so that all these muscles may be

brought into action to assist in dilating the cavity of the chest.

Lateral Thoeacic Regios.

Serratus Magnus.

The Serratus Magnus (fig. 174) is a broad, thin, and irregularly quadrilateral

muscle, situated at the upper part and side of the chest. It arises by nine fleshy

174.—Muscles of the Chest and Front of the Arm, with the Boundaries

of the Axilla.

digitations from the outer svirface and upper border of the eight ujjpei ribs (the

second rib having two), and from the aponeurosis covering the upper intercostal

spaces, and is inserted into the whole length of the inner margin of the posterior

border of the scapula. This muscle has been divided into three portions, a superior,

niiddle, and inferior, on account of the difference in the direction, and in the extent

of attacliment of each pai't. Tlie upper portion, separated from the rest by a

cellular interval, is a narrow, but thick fasciculus, which arises by two digitations
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from the first and second ribs, and from the aponeurotic arch between them ; its

fibres proceed upwards, outwards, and backwards, to be inserted into the triangular

smooth surface on the inner side of the superior angle of the scapula. Tbe middle

portion of the muscle arises by three digitations from tlie second, third, and fourth

ribs ; it fornjs a thin and broad mnscular layer, which proceeds Lorizontally back-

wards to be inserted into the posterior border of the scapula, between the superior

and inferior angles. The lower portion arises from the fifth, sixth, seventh, and

eighth ribs, by four digitations, in the intervals between which are received cor-

responding processes of the External oblique ; the fibres pass upwards, outwards,

and backwards, to be inserted into the inner surface of the inferior angle of the

scapula, by an attachment partly muscular, partly tendinous.

Belations. This muscle is covered, in front, by the Pectoral muscles ; behind, b}^

the Subscapularis ; above, by the asillai-y vessels and nerves. Its deep surface

rests upon the ribs and Intercostal muscles.

Nerves. The Serratus magnus is supplied by the posterior thoracic nerve.

Actions. The Serratus magnus is the most important external inspiratory

muscle. When the shoulders are fixed, it elevates the ribs, and so dilates the

cavity of the chest, assisting the Pectoral and Subclavius muscles. This muscle,

especially its middle and lower segments, draws the base and inferior angle of the

scapula forwards, and so rai.ses the point of the shoulder by causing a rotation of

the bone on the side of the chest ; assisting the Trapezius muscle in supporting

weights upon the shoulder, the thorax being at the same time fixed by preventing

the escape of the included air.

Ui-isection. After completing the dissection of the Axilla, if the muscles of the hack have
heen dissected, the upper extremity should he separated from the trunk. Saw through
the clavicle at its centre, and then cut through the muscles which connect the scapula and
arm with the trunk, -sdz. the Pectoralis minor, in front, Serratus magnus, at the side, and
the Levator anguli scapulas, the Rhomhoids, Trapezius, and Latissimus dorsi behind. These
muscles should he cleaned and traced to their respective insertions. Then make an incision

through the integument, commencing at the outer third of the clavicle, and exlending along
the margin of that bone, the acromion process, and spine of the scapulae ; the integument
should he dissected from above downwards and outwards, when the fascia covering the

Deltoid is exposed (fig. 172, No. 3).

The su2Jerficial fascia oitlie UTppev extremity, is a thin cellulo-fibrous lamina,

containing between its layers the superficial veins and lymphatics, and the cuta-

neous 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 subcu-

taneous bursfe 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 will be considered m the description of the

muscles of the several regions.

Acromial Region.

Deltoid.

The deep fascia covering the Deltoid (deltoid aponeurosis) is a thick and
strong fibrous layer, which encloses the outer surface of the muscle, and sends down
numerous prolongations between its fasciculi ; it is continuous, internally, with the

fascia covering the great Pectoral muscle; behind, with that covering the Infra-

spinatus and back of the arm : above, it is attached to the clavicle, the acromion,

and spine of the scapula.

The Deltoid (fig. 173) is a large, thick, triangular muscle, which forms the con-

vexity of the shoulder, and has received its name from its resemblance to the Greek
letter A reversed. It surrounds the shoulder-joint in the greater part of its extent,

covering it on its outer side, and in front and behind. It arises ft-om the outer

third of the anterior border and upper surface of the clavicle ; from the outer
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margin and upper surface of the acromion process ; and from the whole length of

the lower border of the spine of the scapula. From this extensi\'e origin, the

fibres converge towards their insertion, the middle passing vertically, the anterior

obliquely 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 shaft of the humerus. This muscle is remarkably coarse in texture, and

intersected by three or four tendinous laminee ; these are attached, at intervals, to

the clavicle and acromion, extend into the substance of the muscle, and give origin

to a number of fleshy fibres. The largest of these laminas extends from the summit

of the acromion.

Belatiuns. By its superjioial surface, with the integument, the superficial fascia,

Platysma, and supra-acromial nerves. Its deep surface is sepai'ated from 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, tendon of the Pectoralis major, Infraspinatus, Teres minor. Triceps

(its scapular and external heads), the circumflex vessels and nerve,and the humerus.

Its anterior border is separated from the Pectoralis major by a cellular interspace,

which lodges the cephalic vein and descending branch of the thoracico-acromialis

artery. Its posterior border rests on the Infraspinatus and Triceps muscles.

Nerves. The Deltoid is supplied by the circumflex nerve.

Actions. The Deltoid raises the arm directly from the side, so as to bring it at

right angles 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.

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 wiU be seen on its under surface, as well as the circumflex vessels

and nerve. The insertion of the muscle should be carefully examined.

Anteeioe Scapular Region.

Subseapularis.

The sihhscapular aponeurosis is a thin membrane, attached to the entire cir-

cnmfei'ence of the subscapular fossa, and affording attachment by its inner surface

to some of the fibi-es of the Subseapularis muscle : when this is removed, the Sub-

seapularis muscle is exposed.

The Subseapularis (fig. i74)isa large triangular muscle, which fills up the sub-

scapular fossa, arising from its internal two-thirds, with the exception of a narrow

margin along the posterior border, and the inner side of the superior and inferior

angles, which afford attachment to the Serratus magnus. Some fibres arise from

tendinous laminas, which intersect the muscle, and are attached to ridges on the

bone ; and others fronr 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

tlie humerus. Those fibres which arise from the axillary border of the scapula

are inserted into the neck of the humerus to the extent of an inch below the tube-

rosity. The tendon of the muscle is in close contact with the capsular ligament

of the shoulder-joint, and glides over a large bursa, 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.

Relations. By its anterior surface, with the Serratus magnus, Coraco-brachialis,

and Biceps, and the axillary vessels and nerves. By its posterior surface, with

the scapula, the subscapular vessels and nerves, and the capsular ligament of the

shoulder-joint. Its loioer border is contiguous with the Teres major and Latissimus

dorsi.

Nerves. It is supplied by the upper aird lower subscapular neiwes.

Actions. The Subseapularis rotates the head of the humerus inwards
; when
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the arm is raised, it draws the humerus downwards. It is a powerful defence to

the front of the shoiilder-joint, preventing displacement of the head of the bone

forwai'ds.

PosTEKioE Scapulae Region. (Pig- lys-)

Supraspinatns.

Infi'aspinatus.

Teres Minor.

Teres Major.

Dissection. To expose these muscles, and to examine their mode of insertion into the

lumienis, detach the Deltoid and Trapezius from their attachment to the spine of the scapula

and acromion process. Remove the clavicle hy dividing- the ligaments connecting it with the

coracoid process, and separate it at its articulation with its scapula : divide the acromion
.

process near its root with a saw. The fragments being removed, the tendons of the posterior

Iseapular muscles will be fully exposed, and can he examined. A block should he placed

beneath the shoulder-joint, so as to make the muscles tense.

The supraspinous aponeurosis is a thick and dense membranons layer, which

completes the osseo-fibrons case in which the Snpraspinatus muscle is contaioed ;

aiTording attachment, by its inner surface, to some of the fibres of the muscle. It

175.—Muscles on the Dorsum of the Scapula and the Triceps.

is thick internally, but thinner externally under the coraco-acromial ligament.

When this fascia is removed, the Snpraspinatus muscle is exposed.

The Snpraspinatus 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 liga-

ment 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 humerus.

Tlelations. By its upper surface, vihh. the Trapezius, the clavicle, the acromion,

the coraco-acromial ligament, and the Deltoid. By its under surface, with the
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scapula, the suprascapular vessels and nerve, and upper jiart of the shoulder-

joint.

The infraspinous aponeurcsis is a dense fibrous membrane, covering in the Infra-

spinatus muscle, and attached to the circumference of the infraspinous fossa : it

affords attachment, by its inner surface, to some fibres of that muscle, is continuous

externally with the fascia of the arm, and gives off from its under surface inter-

muscular septa, which separate the Infraspinatus from the Teres minor, and the

latter from the Teres major.

The Itifrasimmtus 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 scajjula. 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 membrane of the

shoulder-joint.

Relations. By its posterior surface, with the Deltoid, the Trapezius, Latissimus

dorsi, and the integument. By its anterior surface, with the scapula, fi-om which

it is separated by. the suprascapular and dorsalis scapute vessels, and with the

capsular ligament of the shoulder-joint. Its loicer harder is in contact with the

Teres minor, and occasionally united with it, and with the 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 axillai-y border of

the scapula for the upper two-thirds of its extent, and from two ajsoneurotic

laminas, 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 lowest of the three facets on the great tube-

rosity 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, the Latissimus dorsi, and

the inteo-ument. By its anterior surface, with the scapula, the dorsal branch of the

subscapular artery, the long head of the Triceps, and the shoulder-joint. By its

iipper border, with the infraspinatus. By its loiver 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 dorsal aspect of the inferior angle of the scapula, and from the fibrous septa

interposed between it and the Teres minor and Infraspinatus; the fibres are

directed upwards and outwards, and terminate in a flat tendon, about two inches

in length, which is inserted into the posterior bicipital ridge of the humerus. The

tendon of this muscle, at its insertion into the humerus, lies behind that of the

Latissimus dorsi, from which it is separated by a synovial bursa.

Relations. By its posterior surface, with the integument, from which it is

separated, internally, by the Latissimus dorsi ; and externally, by the long head of

the Triceps. By its anterior surface, with the Subscapularis, Latissimus dorsi,

Coraoo-brachialis, short head of the Biceps, the axillary vessels, and brachial

plexus of nerves. Its upper border is at first in relation with the Teres minor,

from which it is afterwards separated by the long head of the Triceps. Its

loiuer border forms, in conjunction with the Latissimus dorsi, part of the posterior

boundary of the axilla.

Nerves. The Supra- and Infraspinatus muscles are supplied by the supra-

scapular nerve ; the Teres minor, by the circumflex, and the Teres major, by the

lower subscapular.

Actions. The Supraspinatus assists the Deltoid in raising the arm from the side,

and fixes the head of the humerus in its socket. The Infraspinatus and Teres minor
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rotate the Lead of the humerus outwards : -vvhen the arin is raised, thej' assist in re-

taining it in that position, and carrying it backwards. One of the most important

uses of these three muscles is the groat protection they afford to the shonlder-joint,

the 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 Latissimns 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 Latis-

simns dorsi muscles in draAving the trunk forwards.

Anteeior Humekal Region. (Pig. 174-)

Coraco-Brachialisi Biceps. Brachialis Anticus.

Dissection. The arm being placed on the table, with the front surface vippermost, make a
vertical incision through the integument along the middle line, from the middle of the in-

terval between tlie folds of the axilla, to about two inches below the elbow-joint, where it

should be joined by a transverse incision, extending from the inner to the outer side of the

forearm ; the two flaps being reflected on either side, the fascia should be examined.

The deep fascia of the arm, continuous with that covering the shoulder and
front of the great Pectoral muscle, is attached, above, to the clavicle, acromion,

and spine of the scapula ; it forms a thin, loose, membranous sheath investing the

muscles of the arm, sending down septa between them, and composed of fibres

disposed in a circular or spiral direction, and connected together by vertical fibres.

It differs in thickness at different parts, being thin over the Biceps, but thicker

where it covers the Triceps, and over the condyles of the humerus : it is strengthened

by fibrous aponeuroses, derived from the Peotoralis major and Latissimns dorsi,

on the inner side, and from the Deltoid externally. On either side it gives off

a strong intermusctilar septum, which is attached to the condyloid ridge and

condyle of the humerus. These septa serve to separate the muscles of the anterior

from those of the posterior brachial region. The external intermuscular septum

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

septum, 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 ridge

to the inner condyle.; it is blended with the tendon of the Coraco-brachialis, and

affords attachment to the Triceps behind, and the Brachialis anticus in front. It

is perforated by the ulnar nerve, and the inferior profunda and anastomotic arteries.

At the elbow, the deep fascia is attached to all the prominent points round the

joint, and is continuous with the fascia of the forearm. On the removal of this

fascia, the muscles of the anterior humeral region are exposed.

The Coraco-Brachialis, the smallest of the three muscles in this region, is

I situated at the upper and inner part of the arm. It arises by fleshy fibres from

I the apex of the coracoid process, in common with the short head of the Biceps,

I and from the intermuscular septum between the two muscles ; the fibres jjass

I downwards, backwards, and a little outwards, to be inserted by means of a flat

1 tendon into a I'ough ridge at the middle of the inner side of the shaft of the

i humerus. It is perforated by the musculo-cutaneous nerve. The inner border

I of the muscle forms a guide to the position of the vessel, in tying the brachial

1 arteiy in the upper part of its cotirse.

Relations. By its anterior surface, with the Deltoid and Pectoraiif; ma,jnr above,

t and at its insertion with the brachial vessels and median nerve which cross it.

1 By its posterior surface, with the tendons of the Subscapularis, Latissimns dorsi,

ii and Teres major, the short head of the Tricejjs, the humerus, and the anterior cir-

t cnmflex vessels. By its inner harder, with the brachial artery, and the median and
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musculo-cutaneous nerves. By its outer border, witli the short head of the Biceps

and Brachialis anticiis.

The Biceps 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 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 pierces 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 jsart of the tuberosity of the

radius, a synovial bursa being interposed between the tendon and the fi-ont of the

tuberosity. The tendon of the muscle is thin and broad ; as it approaches the

radius it becomes narrow and twisted upon itself, being applied by a flat surface to

the back part of the tuberosity : opposite the bend of the elbow the tendon gives

off, from its inner side, a broad aponeurosis, the bicipital fascia, which passes

obliquely downwards and inwards across the brachial artery, and is continuous

with the fascia of the forearm (fig. 173). 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.*

Relations. 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 fascia

and the integument. Its posterior surface rests on the shoulder-joint and humerus,

from which it is separated by the Subscapularis, Teres major, Latissimus dorsi,

Brachialis anticus, and the musculo-cutaneous nerve. Its inner harder is in

relation with the Coraco-brachialis, the brachial vessels, and median nerve ; its

outer border, 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 it somewhat compressed from before

backward, 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 arti-

cular 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. 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 Fle.xor digitorum profundus.

Relations. By its anterior surface, with the Biceps, the brachial vessels, mus-

culo-cutaneous, and median nerves. By its posterior surface, with the humerus

and front of the elbow-joint. By its inner border, with the Triceps, ulnar nerve,

and Pronator radii teres, from which it is separated by the intermuscular septum.

By its outer border, with the musculo-spiral nerve, radial recurrent artery, the

Supinator longus, and Extensor carpi radialis longior.

* A third head to the Biceps is oocasionall}' found (Tbeile 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 eontiuuous, 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.



POSTERIOR HUMERAL REGION. 273

Nerves. The muscles of this group are supplied by the musculo-cutaneous

nerve. The Brachialis auticus usually receives au additional filament from the

muscnlo-spiral.

Actions^ The Coraco-brachialis draws the humerus forwards and inwards, and

at the same time assists in elevating it towards the scapula. The Biceps and

Brachialis anticus are flexors of the forearm : the former muscle is also a supina-

tor, and serves to render tense the fascia of the forearm by means of the broad

aponeurosis given off from its tendon. Wlien the forearm is fixed, the Biceps and

Brachialis anticus flex the arm upon the forearm, as is seen in efforts of climbing.

The Brachialis anticus forms an important defence to the elbow-joint.

Posi'EKiOR Humeral Regios.

Triceps. Subanconeus.

The Triceps (fig. 175) is situated on the back of the arm, extending the entire

length of the jjosterior surface of the humerus. It is of large size, and divided

above into three parts ; hence its name. These three portions have been named,

(i) the middle, scapular, or long head, (z) the external, or long humeral, and (3)

the internal, or short humeral head.

The middle or scapular head arises, by a flattened tendon, from a rough trian-

gular depression, immediately below the glenoid cavity, being blended at its upper

part with the capsular and glenoid ligaments
; the muscular fibres 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 musculo-spiral

groove, from the external border of the humerus and the external intermuscular

septum : the fibres from this origin converge towards the common tendon of

insertion.

The internal head arises from the posterior surface of the shaft of the humerus,

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 internal intermuscular septum. The fibres of this portion of the muscle are

directed, some downwards to the olecranon, whilst others converge to the common
tendon of insertion.

The common tendon of the Triceps commences about the middle of the back part

of the muscle : it consists of two aponeurotic laminae, one of which is subcutaneous

and covers the posterior surface of the muscle for the lower half of its extent : the

other is more deeply seated in the substance of the muscle : after receiving the at-

tachment of the muscular fibres, they join together above the elbow, and are inserted

into the back part of the under surface of the olecranon process, a small bursa,

occasionally multilocular, being interposed between the tendon and front of this

surface.

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. 175). 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 quad-

rangular space transmits the posterior circumflex vessels and 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. By its posterior surface, with the Deltoid above : in the rest of its

extent it is subcutaneous. By its anterior surface, with the humerus, musculo-

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.

T
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The Siibanconeus is a small muscle distinct from the Triceps, and analogous to

the Subcrureus in the lower limb. It may be exposed by removing the Triceps from

the lower part of the humerus. It consists of one or two slender fasciculi, which

arise from the humerus, immediately above the olecranon fossa, and are inserted

into the posterior ligament of the elbow-joint.

Nerves. The Triceps and Subanconeus are supplied by the musculo-spiral

nerve.

Actions. The Triceps is the great Extensor muscle of the forearm ; serving,

when the foreai'm is flexed, to draw it into a right line with the arm. It is the

direct antagonist of the Biceps and Brachialis anticus. When the arm is extended,

the long head of the muscle may assist the Teres major and Latissimus dorsi in

drawing the humerus backwards. 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.

Muscles of the Forearm.

Digsection. To dissect the forearm, place the limb in the position indicated in fig. 172;
make a vertical incision along the middle line from the elbow to the wrist, and a transverse

incision at each extremity of this ; the flaps of integument being removed, the fascia of the

forearm is exposed.

The deep fascia of the foreai-m, continuous above with that enclosing the arm,

is a dense highly glistening aponeurotic investment, which forms a general sheath

enclosing the muscles in this region ; it is attached behind to the olecranon and
posterior border of the ulna, and gives oiF from its inner surface numerous inter-

muscular septa, which enclose each muscle separately. It consists of circular and

oblique fibres, 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 oS" both on the anterior and
posterior surfaces of the forearm, separating the deep from the superficial layer

of muscles. Numerous 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 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 fore-

arm, 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.

Anterioe Brachial Region.

Superficial Layer.

Pronator Radii Teres. Plexor Carpi Ulnai-is.

Flexor Carpi Radialis. Flexor Sublimis Digitorum.

Palmaris Longus.

These muscles take origin from the internal condyle of the humerus by a com-
mon tendon.

The Pronator Radii Teres arises by two heads. One, the larger and more
superficial, arises from the humerus, immediately above the internal condyle, and

from the tendon common to the origin of the other muscles ; also from the fascia
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of tbe forearm, and internmacular septum between it and tlie Plexor carpi radialis.

The other head is a thin fasciculus, which arises from the inner side 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
i76.-Front of the Lett Forearm.

^j^ ^^^ terminates in a flat tendon,
Superfaoial Muscles. i-, , , , I,which turns over the outer margin 01

the radius, and is inserted into a rough

ridge at the middle of the outer surface

of the shaft of that bone.

Variations. The coronoid origin of this

muscle presents numerous variations. It

is occasionally absent, and in one case re-

corded by Dr. Maoalister {Journal of Anat.
and Phys. 2nd series, No. i, p. 9), it existed

as a distinct muscle, inserted into the

front of the radius higher up than the rest

of the mass. In other cases the coronoid

slip has been found connected with the
Palmaris longus or the Flexor carpi radialis,

instead of the Pronator teres, and other
slighter anomalies have been recorded by
Dr. Macalister.

Relations. By its anterior surface,

with the deep fascia, the Supinator

longus, and the radial vessels and
nerve. By its posterior surface, with

the Brachialis anticus. Flexor sublimis

digitorum, the median nerve, and ulnar

artery : the small, or deep, head being

interposed between the two latter

structures. Its outer border forms the

inner boundary of a triangular space,

in which is placed the brachial artery,

median nerve, and tendon of the Bi-

ceps muscle. Its inner border is in

contact with the Flexor carpi radialis.

The Flexor Carpi Badialis lies on the

inner side of the preceding muscle.

It arises from the internal condyle by
the common tendon, from the fascia

of the forearm, and from the inter-

muscular septa between it and the

Pronator teres, on the outside ; the

Palmaris longas, 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 two-thirds of its length.

I This tendon passes through a canal on the outer side of the annular ligament,

iruns through a groove in the os trapezium (which is converted into a canal by a

ilfibrous sheath, and lined by a synovial membrane), and is inserted into the base

lof the metacarpal bone of the index finger. The radial artery lies between the

tendon of this muscle and the Supinator longus, and may easily be tied in this

I situation.

Relations. By its superficial surface, with the deep fascia and the integument.

iBj its deep surface, with the Plexor sublimis digitorum. Flexor longus poUicis

I
T 2



276 MUSCLES AND FASCIA.

and wrist-joint. By its ouier herder, with tlie Pronator radii teres, and tlie radial

vessels. By its inner harder, with, the Palmaris loiigus above, and the median
nerve below.

Mr. J. Wood describes a muscle occasionally found (6 times in yo subjects) beneath the
Flexor carpi radialis, and which he has named the Flexor carpi radialis brevis vel profundus.

In the best marked specimen it arose from the outer side of the front surface of the radius,

above the Pronator quadratus, and below the Flexor longus pollicis, and was inserted into the

base of the middle metacarpal bone and os magnum ; but several variations are described, both
in its origin and insertion. Mr. Norton has also found an instance of a similar muscle attached

to the middle metacarpal bone. Journ. of Anat. and Phys. Nov. 1866, p. 55.

The Palmaris Lniigus is a slender, fusiform muscle, lying on the inner side of

the preceding. It arises from the inner condyle of the humerns 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 is inserted

into the annular ligament, expanding to end in the palmar fascia.

Variations. This muscle is often absent ; when present, it ofters many varieties. Its

fleshy belly is sometimes very long, or may occupy the middle of the muscle, which is

tendinous at either extremity ; or the Palmaris may he muscular at its lower extremity, its

upper part being tendinous. Occasionally, there is a second Palmaris longus placed on the

inner side of the preceding, terminating, below, partly in the annular ligament or fascia, and
parti}' in the small muscles of the little finger.

Eelations. By its superficial surface, with the deep fascia. By its deep surface,

with the Flexor digitorum sublimis. Internally, with the Plexor carpi ulnaiis.

Externally, with the Plexor 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, by an aponeurosis from the upper two-thirds of the posterior border of

the ulna, and from the intermuscular septum between it and the Plexor sublimis

digitorum. The fibres terminate in a tendon, which occupies the anterior part of

the lower half of the muscle, and is inserted into the pisiform bone, some fibres

being prolonged to the annular ligament and base of the metacarpal bone of the

little finger. The ulnar artery lies on the outer side of the tendon of this muscle,

in the lower two-thirds of the forearm ; the tendon forming a guide in tying the

vessel in this situation.

Relations. By its superficial surface, with the deep fascia, with which it is inti-

mately connected for a considerable extent. By its deep surface, with the Plexor

sublimis, the Plexor profundus, the Pronator quadratus, and the ulnar vessels and

nerve. By its oxder or radial harder with the Palmaris longus above, and the ulnar

vessels and nerve below.

The Flexor Digitorum Suhlimis (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 three

heads. One head arises from the internal condyle of the humerus by the common
tendon, from the internal lateral ligament of the elbow-joint, and from the inter-

muscular septum common to it and the preceding muscles. The second head arises

from the inner side of the coronoid process of the ulna, above the ulnar origin

of the Pronator radii teres (fig. go, p. 97). The third head arises 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 divides into four tendons about the middle of tlie forearm ; as these tendons

pass beneath the annular ligament into the palm of the hand, they are arranged in

pairs, the anterior pair corresponding to the middle and ring fingers ; the posterior

pair to the index and little fingers. The tendons diverge from one another as

they pass onwards, and are finally inserted into the lateral marg-ins of the second

phalanges, about their middle. Opposite the base of the first phalanges, each
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tendon divides, so as to leave a fissTired interval, between which passes one of the

tendons of the Flexor profundus, and the tendons of both the Flexors then enter

an osseo-aponeurotic canal, formed by a strong fibrous band, which arches across

them, and is attached on each side to the margins of the phalanges. The two
portions into which the tendon of the Flexor sublimis divides, so as to admit of the

passage of the deep flexor, expand somewhat, and form a grooved channel, into

which the accompanying deep flexor tendon is received ; the two divisions then

unite, and finally subdivide a second time, to be inserted into the fore part and
sides of the second phalanges (fig. 181). The tendons, whilst contained in the

fibro-osseous canals, are connected to the phalanges by slender tendinous fila-

ments, called vlncula accessoria tendinuin. A synovial sheath invests the tendons

as they pass beneath the annular ligament ; a prolongation from which surrounds

each tendon as it passes along the phalanges.

Relations. In the forearm, by its superficial surface, with the deep fasoia and all

the preceding superficial muscles ; by its deep surface, with the Plexor profundus

digitorum. Flexor longus pollicis, the ulnar vessels and nerve, and the median nerve.

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.

AsTEEioR Bkachjal Region.

Deep Layer.

Flexor Profundus Digitorum. Flexor Longus Pollicis.

Pronator Quadratus.

Dissection. Divide each of the superficial muscles at its centre, aud turn either end

aside ; the deep layer of muscles, together with the median nerve and ulnar vessels, will

then be exposed.

The Flexor Profundus Digitorum (perforans) (fig. 177), is situated on the

ulnar side of the forearm, immediately beneath the superficial Flexors. It arises

from the upper two-thirds of the anterior and inner surfaces of the shaft of the

ulna, embracing the insertion of the Brachialis antions above, and extending,

below, to within a short distance of the Pronator quadratus. It also arises from a

depression on the inner side of the coronoid process, by an aponeurosis from the

upper two-thirds of the posterior border of the ulna, and from the ulnar half of the

interosseous membrane. The fibres form a fleshy belly of considerable size which

divides into four tendons : these pass under the annular ligament beneath the

tendons of the Flexor sublimis. Opposite the first phalanges, the tendons pass

between the two slips of the tendons of the Flexor sublimis, 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

1
palm of the hand.

Four 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

1 digitorum, the Flexor carpi ulnaris, the ulnar vessels and nerve, and the median'

nerve ; and in the hand, with the tendons of the superficial Flexor. By its

' deep surface, in the forearm, with the ulna, the interosseous membrane, the

I Pronator quadratus ; and in the hand, with the Interossei, Adductor pollicis, and

li deep palmar arch. By its ulnar border, with the Flexor carpi ulnaris. By its

1 radial border, with the Plexor longus pollicis, the anterior interosseous vessels and

n nerve being interposed.

The Flexor Longus Pollicis is situated on the radial side of the forearm, lying on

J the same plane as the preceding. It arises from the upper two-thirds of the

2 grooved anterior surface of the shaft of the radius ; commencing, above, imme-
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diately below the tuberosity

and oblique line, and ex-

tending, below, to within a

short distance of the Prona-

tor quadratus. It also arises

from the adjacent part of the

interosseous membrane, and

occasionally 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 two heads of the

Flexor brevis pollicis, and

entering an osseo-aponeu-

rotic canal similar to those

for the other flexor tendons,

is inserted into the base of the

last phalanx of the thumb.

Relations. By its super-

ficial surface, with the Flexor

snblimis digitorum, Flexor

carpi radialis. Supinator lon-

gus and radial vessels. By its

deep surface, with the radius,

interosseous membrane, and

Pronator quadratus. By its

ulnar border, with the Flexor

profundus digitorum, from

which it is separated by the

anterior interosseous vessels

and nerve.

The Pronator Quadratus

is a small, flat, quadrilateral

muscle, extending trans-

versely across the front of

the radius and ulna, above

their carpal extremities. It

arises from the oblique line

on the lower fourth of the

anterior surface of the shaft

of the ulna, and the surface of

bone immediately below it

;

fi-om the anterior border of

the ulna ; and from a strong

aponeurosis which covers the

inner third of the muscle.

The fibres pass horizontally

ontwards, to be inserted into

the lower fourth of the an-

terior snrface and external

border of the shaft of the

radius.

Relations. By its superficial

surface, with the Flexor pro-

177.—Front of the Left Forearm Muscles.
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fundus digitorum, the Flexor longus polliois, 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

nerve, excepting the Flexor carpi tilnaris, which is supplied by the ulnar. Of the

deep layer, the Flexor profundus digitorum is supplied conjointly by the ulnar

and by the median, through its branch, the anterior interosseous nerve, which also

supplies the Flexor longus pollicis and Pronator quadratus.

Actions. These muscles act upon the forearm, the wrist, and hand. Those
acting on the forearm, are the Pronator radii teres and Pronator quadratus, which
rotate the radius upon the ulna, rendering the hand prone ; when pronation has

been fully effected, the Pronator radii teres assists the other muscles in flexing the

forearm. The flexors of the wrist are the Flexor carpi ulnaris and radialis ; and,

the flexors of the phalanges are the Flexor sublimis and profundus digitorum

;

the former flexing the second phalanges, and the latter the last. The Flexor longus

pollicis flexes the last phalanx of the thumb. The three latter muscles, after flexing

the phalanges, by continuing their action, act upon the wrist, assisting the ordinary

flexors of this joint ; and all those which are attached to the humerus assist in

flexing the forearm upon the arm. The Palmaris longus is a tensor of the palmar

fascia; when this action has been fully effected, it flexes the hand upon the

forearm.

Radial Region. (Fig. 178.)

Supinator Longus. Extensor Carpi Radialis Longior,

Extensor Carpi Radialis Brevior.

Dissection. Divide the integviment in the same manner as in the dissection of the anterior

brachial region ; and after having examined the cutaneous vessels and nerves and deep fascia,

remove all those 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 is the most superficial raviscle on the radial side of the

forearm : it is fleshy for the upper two-thirds of its extent, tendinous below. It

ai'ises 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 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 primi internodii 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 i^mer border, ^bove the

elbow, with the Brachialis anticus, the musculo-spiral nerve, and radial recurrent

artery ; and in the forearm, with the radial vessels and nerve.

The Extensor Garpi Badialis Longior is placed partly beneath the preceding

muscle. It arises from the lower third of the external condyloid ridge of the

humerus, and from the external intermuscular septum. The fibres terminate at

the upper third of the forearm in a flat tendon, which runs 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 radialis brevior immediately behind

the styloid process ; and is inserted into the base of the metacarpal bone of the

index finger, on its radial side.

Relations. By its superficial surface, with the Supinator longus, and fascia

of the forearm. Its outer side is crossed obliquely by the extensor tendons of
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the thumb. By its de&p sur- i

face, with the elbow-joint,

the Extensor carpi radialis

brevior, and back part of the

wrist.

The Extensor Carpi Ba-

dialis Brevior is shorter, as

its name implies, 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 following muscles ; from

the external lateral ligament of

the elbow-joint ; from a strong

aponeurosis which covers its

surface ; and from the inter-

muscular septa between it and

the adjacent muscles. The
fibres terminate about the

middle of the forearm in a

fiat tendon, which is closely

connected with that of the pre-

ceding muscle, accompanies

it to the wrist lying in the

same groove on the posterior

surface of the radius
;
passes

beneath the annular ligament

and, diverging somewhat from

its fellow, is inserted into the

base of the metacarpal bone

of the middle finger, on its

radial side.

The tendons of the two pre-

ceding muscles pass through

the same compartment of the

annular ligament, and, are

lubricated by a single syno-

vial membrane, but are sepa-

rated from each other by a

small vertical ridge of bone

as they lie in the groove at

the back of the radius.

Belations. By its super-

ficial surface, with the Ex-

tensor carpi radialis longior,

and with the Extensor muscles

of the thumb, which cross it.

By its deep surface, with the

Supinator brevis, tendon of

the Pronator radii teres,

radius, and wrist-joint. By
its ulnar horde); with the

Extensor communis digito-

78.—Posterior Sm'face of Forearm. Superficial Muscles.
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PosTEEiOE Brachial Region. (Pig. 178.)

Superjiidal Layer.

Extensor Communis Digitorum. Extensor Carpi Ulnaris.

Extensor Minimi Digiti. Anconeus.

The Extensor Communis Digitorum is situated at the back part of the forearm.

It arises from the external condyle of the 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 tendons, which 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 and third phalanges of the fingers in the following

manner : Each tendon becomes narrow and thickened opposite the metacarpo-

phalangeal articulation, and gives off a thin fasciculus upon each side of the joint

which serves as the posterior ligament ; after having passed the joint, it spreads out

into a broad aponeurosis, vi-hioh covers the whole of the dorsal surfa;Ce of the iirst

phalanx ; being 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. The tendons of the middle, ring, and little fingers

are connected together, as they cross the hand, by small oblique tendinous slips.

The tendons of the index and little fingers also receive, before their division, the

special extensor tendons belonging to them.

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 brevier. By its ulnar hordtr,

with the Extensor minimi digiti, and Extensor carpi nlnaris.

The Extensor Minimi Digiti is a slender muscle placed on the inner side of

the Extensor communis, with which it is generall}' 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 ligament behind the inferior radio-ulnar joint, then divides into two
i as it crosses the hand, and, at the metacarpo-phalangeal articulation, unites with

1 the tendon derived from the common Extensor, lying at first to the ulnar side

of that tendon and somewhat more superficial. The common tendon then spreads

1 into a broad aponeurosis, which is inserted into the second and third phalanges of the

1 little finger in a similar manner to the common extensor tendons of the other fingers.

The Extensor Carpi Ulnaris is the most superficial muscle on the ulnar side of

I the forearm. It arises from the external condyle of the humerus, by the common
I tendon ; from the middle third of the posterior border of the ulna below the Anco-
I neus, and from the fascia of the forearm. This muscle terminates in a tendon,

which runs through a groove behind the styloid process of the ulna, passes through

; a separate compartment in the annular ligament, and is inserted into the ulnar

]> side of the base of the metacarpal bone of tbe little finger.

j
. Relations. By its sztpej^yciVtZ swi/acs, with the fascia of the forearm. By its rfeei)

\(mtrface, with the ulna, and the muscles of the deep layer.

I

The Aticoneus is a ismall triangular muscle, placed behind and below the elbow-

j
joint, and appears to be a continuation of the external portion of the Triceps. It

a arises by a separate tendon from the back part of the outer condyle of the humerus
;

a and is inserted into the side of the olecranon, and upper fourth of the posterior

; surface of the shaft of the ulna ; its fibres diverge from their origiu, the upper ones

111 being directed transversely, the lower obliquely inwards.
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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.

PpsTERiOE Brachial Region. (Fig. 179.)

Deep Layer.

Supinator Brevis. Extensor Primi Internodii Pollicis.

Extensor Ossis Metacarpi Pollicis. Extensor Secundi Internodii Pollicis.

Extensor Indicis.

The Siipinator Brevis is a broad muscle, of a hollow cylindrical form, curved

round the upper third of the radius. It arises 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 down-

wards from the posterior extremity of the lesser sigmoid cavity, from the triangular

depression in front of it, and from a tendinous expansion vvhich covers the surface

of the muscle. The muscle surrounds the upper part of the radius : the upper
fibres forming a sling-like fasciculus, which encircles the neck of the radius above

the tuberosity, and is attached to the back part of its inner surface ; tlie middle

fibres are attached to the outer edge of the bicipital tuberosity ; the lower fibres to

the oblique line of the radius, as low down as the insertion of the Pronator radii

teres. This muscle is pierced by the posterior interosseous nerve.

Relations. 'Qj \ts. 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 ligament, and from

the middle third of the posterior surface of the shaft of the radius. Passing

obliquely downwards and outwards, it terminates in a tendon which runs through

a groove on the outer side of the styloid process of the radius, accompanied by the

tendon of the Extensor primi internodii pollicis, and is inserted into the base of

the metacarpal bone of the thumb.

Relatimis. By its superficial surface, with the Extensor communis digitorum,

Extensor minimi digiti, and fascia of the forearm ; and with the branches of the

posterior interosseous artery and nerve which cross it. By its deep surface, with

the ulna, interosseous niembrane, radius, the tendons of the Extensor carpi radialis

longior and brevior, which it crosses obliquely ;
and, at the outer side of the wrist,

with the radial vessels. By its upper harder, with the Supinator brevis. By its

lower harder, with the Extensor primi internodii pollicis.

The Extensor Primi Internodii Pollicis, the smallest muscle of this group, lies on

the inner side of the preceding. It arises from the posterior surface of the shaft of

the radius, below the Extensor ossis metacarpi, and from the interosseous membrane.

Its direction is similar to that of the Extensor ossis metacarpi, its tendon passing

through the same groove on the outer side of the styloid process, to be inserted

into the base of the fii-st phalapx of the thumb.

Relations. The same as those of the Extensor ossis metacarpi pollicis.

The Extensor Secundi Internodii Pollicis is much larger than the preceding

muscle, the origin of which it partly covers in. It arises from the postei'ior surface

of the shaft of the ulna, below the origin of the Extensor ossis metacarpi polhois,

and from the interosseous membrane. It terminates in a tendon which passes

through a separate compartment in the annular ligament, lying in a narrow oblique

groove at the back part of the lower end of the radius. It then crosses obliquely

the Extensor tendons of the carpus, being separated from the other Extensor ten-

dons 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.
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Belations. By its supei-fidal surface, witli the same parts as the Extensor ossis

metacarpi pollicis. By its deef surface, with the ulna, interosseous membrane,

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 sh3,ft

of the ulna, helow the origin

1 79.—Posterior Surface of the Foreai-iu. Deep Muscles,
^f ^^le Extensor secnndj inter-

nodii pollicis, and from the

interosseous membrane. Its

tendon passes with the Ex-
tensor communis digitorum

through the same canal in the

annular ligament, and subse-

quently joins that 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

ofthe tendon fi'om the common
Extensor. It is finally in-

serted into the second and
third phalanges of the index
finger in the manner already

described.

Relations. They are simi-

lar to those of the preceding

muscles.

Nerves. The Supinator

longus. Extensor carpi radialis

longior, and Anconens, are

supplied by branches from the

musculo-spiral nerye. The
remaining musclps of the ra-

dial and posterior brachial

regions, by the posterior in-

terosseous nerve.

Actions. The njuscles of

the radial and posterior bra-

chial regions, which comprise

all the Extensor and Supina-

tor muscles, act upon the fore-

arm, wrist, and hand ; they

are the direct antagonists of

the Pronator and Flexor

muscles. The Anconeus as-

sists the Triceps in extending

the forearm. The Supinator

longus and brevis are the

supinatoi's of the forearm and

hand ; the former muscle more

especially acting as a supina-

tor when the limb is pronated.

When supination has been

produced, the Supinator lon-

gus, if still continuing to act,

flexes the forearm. The Ex-
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tensor carpi radialis longior and brevior, and Extensor carpi nlnaris muscles, are the

Extensors of the wrist ; continuing their action, they serve to extend the forearm

upon the arm ; they are the direct antagonists of the Flexor carpi radialis and
nlnaris. The common Extensor of the fingers, the Extensors of the thumb, and
the Extensors of the index and little fingers, serve to extend the phalanges into

which they are inserted ; and are the direct antagonists of the Plexors. By
continuing their action, they assist in extending the forearm. The Extensors

of the thumb, in consequence of the oblique direction of their tendons, assist in

supinating the forearm, when the thumb has been drawn inwards towards the

Musci.es and Fasct* of the Hand.

Dissection (fig. 172). Make a transverse incision across the front of the wrist, and a second

across the heads of the metacarpal bones : connect the two bj' a vertical incision in the

middle line, and continue it through the centre of the middle finger. The anterior and
posterior annular ligaments, and the palmar fascia, should then be dissected.

The Anterior Annular Ligament is a strong fibrous band, which 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

tuberosity of the scaphoid, and ridge on the trapezium. It is continuous, above,

with the deep fascia of the forearm, 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. It has inserted into its upper and inner part the tendon of the

Palmaris longits 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. It is

pierced by the tendon of the Flexor carpi radialis ; and, beneath it, pass the tendons

of the Flexor sublimis and profundus digitorum, the Flexor longus pollicis, and the

median nerve. There are two synovial membranes beneath this ligament ; one of

large size, enclosing the tendons of the Flexor sublimis and prifundus ; and a sepa-

rate one for the tendon of the Flexor longus pollicis, which is also very extensive,

reaching from above the wrist to the extremity of the last phalanx of the thumb.

The Posterior Annular Lir

gament is a strong fibrous

band, extending transversely

across the back of the wrist,
.

and continuous with the fascia

of the forearm. It forms a

sheath for the extensor ten-

dons in their passage to the

fingers, being attached, inter-

nally', to the ulna, the cunei-

form and pisiform bones, and

palmar fascia ; externally, to

the margin of the radius : and,

in its passage across the wrist,

to the elevated ridges on the

posterior surface of the radius.

It presents sis compartments

for the passage of tendons,

each of which is lined by a

separate synovial membrane. These are, from without inwards— i. On the outer

side of the styloid process for the tendons of the Extensor ossis metacarpi, and Ex-

tensor primi internodii pollicis. 2. Behind the styloid process, for the tendons of

the Extensor carpi radialis longior and brevior. 3. Opposite the outer side of the

posterior surface of the radius, for the tendon of the Extensor secundi internodii

pollicis. 4. To the inner side of the latter, for the tendons of the Extensor

communis digitorum and Extensor iudicis. 5. For the Extensor minimi digiti.

180. — Transverse Section through the Wrist,
showing the Annular Ligaments and the Canals
for the Passage of the Tendons.
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opposite the interval between the radius and ulna. 6. For the tendon of the Ex-
tensor carpi ulnaris, grooving the back of the ulna. The synovial membranes
lining these sheaths are usually veiy extensive, reaching from above the annular

ligament, down upon the tendons almost to their insertion.

The palmar fascia 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, of

great strength 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

and expanded, and opposite the heads of the metacarpal bones divides into four

slips, for the four fingers. Each slip subdivides into two processes, which enclose

the tendons of the Plexor muscles, and are attached to the sides of the first phalanx,

and to the glenoid ligament : by this arrangement, four arches are formed, under

which the Flexor tendons pass. The intervals left in the fascia, between the four

fibrous slips, transmit the digital vessels and nerves, and the tendons of the

Lnmbricales. A-t the points of division of the palmar fascia into the slips above

mentioned, numerous strong transverse fibres bind the separate processes together.

The palmar fascia is intimately adherent to the integument by numerous fibrous

bands, 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 muscles.

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 middle portion of the palmar fascia.

Muscles of the Hand.

The Muscles of the hand are subdivided into three groups.— 1. 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 between the interosseous

spaces.

Radial Region. (Fig. 181.)

Muscles of tlie Thumb.

Abductor PoUicis.

Opponens Pollicis (Flexor Ossis Metacarpi).

Flexor Brevis Pollicis.

Adductor 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.

Relations. By its superficial .surface, with the palmar fascia. By its deep sur-

face, 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.

The Opponens Pollicis is a small triangular muscle, placed beneath the pre-

cedino-. It arises from the palmar surface of the trapezium and annular ligament,

passes downwards and outwards, and is inserted into the whole length of the

metacarpal bone of the thumb on its radial side.

Bdations. By its superficial surface, with the Abductor pollicis. By its deep

surface, with the trapezio-metacarpal articulation. By its inner border, with the

Plexor brevis pollicis.

The Flexor Brevis Pollicis is much larger than either pf the two preceding
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muscles, beneath wHcli it is placed. It consists of two portions, in the interval

between which lies the tendon of the Plexor longus poUicis. The anterior and

i8i.—Muscles of the Left Hand. Palmar Surface.

more superficial portion arises from the trapezium and outer two-thirds of the

annular ligament ; the deeper portion from the ti'apezoid, os magnum, base of

the third metacarpal bone, and sheath of the tendon of the Flexor carpi radialis.

The fleshy fibres unite to form a single muscle ; this divides into two portions,

which are inserted one on either side of the base of the first phalanx of the thumb,

the outer portion being joined with the Abductor, and the inner with the Ad-

ductor. A sesamoid bone is developed in each tendon as it passes across the meta-

carpo-phalangeal joint.

Relations. By its superficial surface, with the palmar fascia. By its deep
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surface, with the Adductor pollicis, and tendon of the Flexor carpi radialis. By
its external surface, with the Opponens pollicis. By its internal surface^ with

the tendon of the Flexor longus pollicis.

The Adductor Pollicis (fig. 177) is the most deeply-seated of this group of

muscles. It is of a triangular form, arising, by its broad base, from the whole

length of the metacarpal bone of the middle finger on its palmar surface ; the

fibres, proceeding outwards, converge, to be inserted with the inner teidon of

the Flexor brevis pollicis, into the ulnar side of the base of the first pllalani of the

thumb, and into the internal sesamoid bone.

Relations. By its superficial surface, with the Flexor brevis pollicis, the tehdons

of the Flexor profundus and the Lumbricales. Its deep iurfaee covers the first

two interosseous spaces, from which it is separated by a strong aponeurosis.

Nerves. Tlie Abductor, Opponens, and outer head of the Flexor brevis pollicis,

are supplied by the median nerve ; the inner head of the Flexor brevis, and the

Adductor pollicis, by the ulnar nerve.

Actirns. The actions of the muscles of the thumb are almost sufficiently indi-

cated by their names. This segment of the hand is provided ^ith three Extensors—
an Extensor of the metacarpal bone, an Extensor of the fii'st, and an Extensor of

the second phalanx ; these occupy the dorsal surface of the forearm and hand.

There are, also, three flexors on the palmar surface—a Flexor of the metacarpal

bone, the Flexor ossis metacarpi (Opponens pollicis), the Flexor brevis pollicis,

and the Flexor longus pollicis ; there is also an Abductor and an Adductor.

These muscles give to the thumb its extensive range of motion.

Ulnae Region. (Fig. 181.)

Muscles of the Little Finger.

Palmaris Brevis. Flexor Brevis Minimi Digiti.

Abductor Minimi Digiti. Opponens Minimi Digiti (Flelor Ossis Metacarpi).

The Palmaris Brevis is a thin quadrilateral muscle, placed beneath the integu-

ment on the ulnar side of the hand. It arises by tendinous fasciculi, from the

annular ligament and palmar fascia ; the fleshy fibres pass horizontally inwards

to be inserted into the skin on the inner border of the palm of the hand.

Relations. By its superficial surface, with the integument to which it is inti-

mately adherent, especially by its inner extremity. By its deep 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.

The Abductor Minimi Digiti is situated on the ulnar border of the palm of the

hand. It arises from the pisiform bone, and from an expansion of the tendon of

the Flexor carpi ulnaris ; and terminates in a flat tendon, which is inserted into

the ulnar side of the base of the first phalanx of the little finger.

Relations. By its superficial surface, with the inner portion of the palmar

fascia, and the Palmaris brevis. By its deep surface, with the Flexor ossis meta-

carpi. By its inner 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 little finger, with the preceding. 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 Op-ponens Minimi Digiti (fig. 177) 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 meta-

carpal bone of the little finger, along its ulnar margin.
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1 82.—The Doreal Interossei of Left Hand.

Relations. By its- superficial surface, with the Flexor brevis, and Abductor

miaimi digiti. By its deep surface, with the Interossei muscles in the fourth

metacarpal space, thfe metacarpal bone, and the Flexor tendons of the little

finger.

Nerves. All the muscles of this group are supplied by the ulnar nerve.

Actions. The actions of the muscles of the little finger are expressed in their

names. The Palmaris brevis corrugates the skin on the inner side of the palm of

the hand.

Middle Palmae Region.

Lumbricales. Interossei Palmares.

Interossei Dorsales.

The Lumhricales (fig. 181) 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 forwards to the radial side of the cor-

responding fingers, and opposite the meta-

carpo-phalangeal articulation each tendon

terminates in a broad aponeurosis, which

is inserted into the tendinous expansion

from the Extensor communis digitorura,

covering the dorsal aspect of each finger.

The Interossei Muscles are so named
from occupying the intervals between the

metacarpal bones. They are divided into

two sets, a dorsal and palmar ; the former

are four in number, one in each metacar-

pal space ; the latter, three in number, lie

upon the metacarpal bones.

The Dorsal Interossei are four in num-
ber, larger than the paluiar, and occupy

the intervals between the metacarpal

bones. They are bipenniform muscles,

arising by two heads from the adjacent

sides of the metacarpal bones, but more

extensively from that side of the meta-

carpal bone which corresponds to the

side of the finger in which the muscle is

inserted. They are inserted into the base

of the first phalanges and into the apo-

neurosis of the common Extensor tendon,

these muscles is a narrow triangular interval, through which passes a perforating

branch from the deep palmar arch.

The First Dorsal Interosseous muscle, or Abductor indicis, is larger than the

others. It is fiat, triangular in form, and arises by two heads, separated by a

fibrous arch, for the passage of the radial artery from the dorsum to the palm of

the hand. The outer head arises from the upper half of the ulnar border of the

first metacarpal bone ; the inner head, fi'om almost the entire length of the radial

border of the second metacarpal bone ; the tendon is inserted into the radial side

of the index finger. The second and third dorsal interossei are inserted into the

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 ai'ise from the entire length of the metacarpal bone of one finger, and are

Between the double origin of each of
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183.—The Palmar Interossei of Left Hand. inserted into tlie side of the base of the

first phalanx and aponeurotic expansion

of the common Extensor tendon of the

same finger.

The first arises from the nlnar side of

the second metacarpal bone, and is in-

serted into the same side of the iadex

finger. The second arises from the radial

side of the fourth metacarpal bone, and is

inserted into the same side of the ring-

finger. The third arises from the radial

side of the fifth metacarpal bone, and is

inserted into the same side of the little

finger. From this account it may be

seen, that each finger is provided with

two Interossei muscles, with the excep-

tion of the little finger, in which the

Abdnctor muscle takes the place of one

of the pair.

Nerves. The two outer Lumbricales

are supplied by the median nerve ; the

rest of the muscles of this group, by the

nlnar.

Actions. The Dorsal interossei muscles abduct the fingers from an imaginai-y

line drawn longitudinallj- through the centre of the middle finger; and the Palmar
interossei adduct the fingers towards that line. They usually assist the Extensor
muscles ; but when the fingers are slightly bent, they assist in flexing them. The
action of the Lumbricales and Internal or Dorsal interossei is said by Hunter to be

to flex the first phalanges, and extend the last two (works by Palmer, iv. 237) ;

and Cleland supports this (' Journ. of Anat. and Phys.' Old series, i. 85). M.
Duchenne gives a different account of the mechanism of the extension of the

fingers and of the action of the Interossei muscles from that usually accepted.

According to him, the Extensor communis digitorum acts almost entirely on the

first phalanges, extension of the second and third phalanges being effected by the

Interossei muscles, which also act to a certain extent as flexors of the first pha-

langes. This action of the Interossei is additional to their action in abduction

and adduction (' Physiologie des Mouvements,' pp. 261-298,).*

SURGICAL ANATOMY.

The Student, havinfr completed the dissection of the muscles of the upper extremity,

should consider the effects likely to he produced by the action of the various muscles in

fracture of the hones.

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.

Fracture of the clnvicle is an exceedingly common accident, and is usually caused by indi-

rect violence, as a fall upon the shoulder ; it occasionally, however, occurs from direct force.

Its more usual situation is just external to the centre of the hone, hut it may occtir at the
stenial or acromial end.

Fracture of the middle of the clavicle {&g. 1S4) is always attended with considerable dis-

placement, the outer fragment being drawn downwards, forwards, and inwards ; the inner

* M. Diichennes view of the action of these muscles certainl}' derives support from the phe-
I nomena observed in lead-palsy and from the results of galvanising the common Extensor and
I the Interossei, as Dr. W. Ogle has been kind enough to point out to me. Thus also in a case

I related by Mr. Hutchinson, in which the ulnar nerve had been divided below the part from
> which the Extensor communis was supplied (and therefore the Interossei were paralysed

while the Extensor acted), ' the first phalanges were hent backwards on the metacarpal hones '

I (extended) ' while the fingers were curved into the palm ' (second and third phalanges flexed).

I London Hospital Heports, vol. iii. p. 307.

U
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184.- -Fractui'e of the Sliddle of the
Clavicle.

fragment slightly upwards. The outer fragment is drawn down by the weight of the arm,
and the action of the Deltoid, and forwards and inwards by the Pectoralis minor and Sub-
clavius muscles: the inner fragment is slightly raised by the Steruo-cleido-mastoid, but only
to a very limited extent, as the attachment of the costo-clavicular ligament and Pectoralis
major below and in front would prevent any very great displacement upwards. 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. Fracture, also, of the sternal eml, internal
to the costo-clavicular ligament, is attended
with only slight displacement, this ligament

serving to retain the fragments in close appo-

sition.

Fractru'e of the acromion jirocess usually

arises from 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 dis-

placement 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 position.

Fracture of the coracoid process is an ex-

tremely rare accident, and is usually caused

by a sharp blow on the point of the shoulder.

Displacement is here produced by the com-
bined actions of the Pectoralis minor, short

head of the Biceps, and Ooraco-brachialis, the

former muscle drawing the fragment inwards,

and the latter direct^ downwards, the amount
of displacement being limited by the connec-

tion of this process to the acromion by means
of the coraco-acromial ligament. In order to

relax these 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 anatomical nech of the humerus within the capsular ligament is a rare

accident, attended with very slight displace-

ment, an impaired condition of the motions of

the joint, and crepitus.

Fracture of the surgical necli, (fig. 185) 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

coraco-acromial ligament by the muscles at-

tached to the greater aijd lesser tubero-sities

;

the lower fragment is drawn inwards by the

Pectoralis major, Latissimus dorsi, and Teres

major ; and tlie humerus is thrown obliquely

outwards from the side by the Deltoid, and
occasionally elevated so as to project be-

neath and in front of the coracoid process.

The deformity is reduced by fixing the

shoulder, and drawing the arm outwards and
downwards. To counteract the opposing

muscles, and to keep the fragments in posi-

tion, the arm should be drawn from the side,

and pasteboard splints applied on its four

sides, a large conical-shaped pad should be placed in the axilla with the base turned upwards,

185.—Fracture of the Surgical Neck
of the Humerus.
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and the elbow approximated to the side, and retained there by a broad roller passed round
the chest ; the forearm should then be flexed, and the hand supported in a sling, care being
taken not to raise the elbow, otherwise the lower fragment may be displaced upwards.

In fracture of the shaft of the humerus below the insertion of the Pectoralis major,

Latissimus dorsi, and Teres major, and above the insertion of the Deltoid, there is also

considerable deformity, the upper fragment being- drawn inwards by the first-mentioned

muscles, and the lower fragment upwards and outwards by the Deltoid, producing
shortening 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 bi'ought into apposition by extension from the

elbow, and retained in that position bj' 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 amount of deformity depends greatly upon the direction of the fracture. If the frac-

ture occurs in a transverse direction, only slight displacement occurs, 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 foiu' 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. 1 86) immediately above the condyles deserves very attentive

0-; -c , r. ,1 TT 1, consideration, as the general appearances cor-
100.—in'acture ot the Jriumerua above j i j. -ii j-i, 1 j v,respond somewhat -mth those produced by

separation of the epiphysis of the humerus,
and with those of dislocation of the radius

and ulna backwards. If the direction of the

fracture is oblique from above, downwards,
and forwards, the lower fragment is drawn
upwards and bactn'ards by the Brachialis

anticus and Biceps in front, and the Triceps

behind. This injury may be diagnosed from
dislocation, by the increased mobility in frac-

ture, the existence of crepitus, and the fact

of the deformity being remedied by exten-

sion, on the discontinuance of which it is

reproduced. The age of the patient is of im-
portance in distinguishing this form of injury

from separation of the epiphysis. If fracture

occurs in the opposite direction to that shown
in the accompanjing figure, the lower frag-

ment is drawn upwards and forwards, causing

a considerable prominence in front ; and the

upper fragment projects backwards beneath
the tendon of the Triceps muscle.

Fracture of the cm-onoid process of the ulna

is an accident of rare occurrence, and is

usually caused by violent action of the Brachialis anticus muscle. The amount of dis-

placement varies according to the extent of the fracture. If the tip of the process only is

broken off, the fragment is drawn upwards by the Brachialis anticus on a level with the

Fracture of the Olecranon.
coronoid depression of the humerus, and
the power of flexion is partially lost. If

the process is broken off near its root, the

fragment is still displaced by the same
muscle ; at the same time, on extending

the forearm, partial dislocation backwards
of the ulna occurs from the action of the

Triceps muscle. The appropriate treat-

ment woidd be to relax the Brachialis

anticus by flexing the forearm, and to re-

tain the fragments in apposition by keeping

the arm in this position. Union is gene-

rally ligamentous.

. Fracture of the olecranon jn'ocess (fig.

1S7) is a more frequent accident, and is

caused either by violent action of the

Triceps muscle, or by a fall or blow upon
the point of the elbow. 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 is consequently lost, and a deep hollow

U 2
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is felt at tlie Ijack part of the joint, which is much increased on flexinpr 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 ann ; the
fragments are thus brought into close apposition, and may be further approximated by draw-
ing down the upper fragment. Union is generally ligamentous.

Fracture of the neck of the radius is an exceedingly rare accident, and is generally

caused by direct violence. Its diagnosis is somewhat 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 supination are entirely lost. The upper fragment is

drawn outwards by the Supinator brevis, its extent of displacement being limited by the

attachment of the orbicular ligament. The lower fi-agment is drawn forwards 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 the parts in apposition.

Fracture of the rcidms (flg. 1 88) is more
common than fracture of the ulna, on ac- 1 88.—Fracture of the Shaft of the Radius,
count of the connection of the former bone
with the wrist. Fracture of the shaft of

the radius near its centre may occur from
direct violence, hut more frequently from
a fall forwards, the weight of the bodj'

being received on the wrist and hand.

The upper fragment is drawn upwards
by the Biceps, and inwards by the Pro-
nator radii teres, holding a position mid-
way between pronation and supination,

and a degree of fulness in the upper half

of the forearm is thus produced : the

lower fragment is drawn downwards and inwards towards the idna by the Pronator

quadratus, and thrown 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 muscle the forearm should be bent, and the limb placed in a position midway
between pronation and supination ; the fi'acture is then easily reduced by extension from the

wrist and elbow : well-padded splints should then be applied on both sides of the forearm

from the elbow to the wrist; the hand being allowed to fall, 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.

Fracture of the shaft of the ulna is not a common accident ; it is usually caused by
direct violence. The more protected position of the ulna on the inner side of the limb,

the gi-eater strength of its shaft, and its indirect connection with the wrist, render it

less liable to injury than the radius. The fracture usually occurs a little below the middle,

which is the weakest part of the bone. The upper fragment retains its usual position,

but the lower fragment is drawn outwards towards the radius by the Pronator quadratus,

producing a well-marked depression at the seat of fractm-e, and some fulness on the dorsal

and palmar 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 supination, and well-padded splints applied from the elbow to the ends of the

fingers.
" Fracture of the shafts of the radius and ulna together is not a very common accident ; it

may arise from a direct blow, or from indirect violence. 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 fuluess on the dorsal or palmar surface of the forearm ; at the same time the two frag-

ments are drawn into conta.«t by the Pronator quadratus, the radius in a state of pronation

:

the upper fragment of the radius is drawn upwards and inwards by the 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 fi-acture may be reduced by extension from the

ni'lst and elbow, and the forearm should be placed in the same position as in fracture of

the ulna.

In the treatment of all cases of fractiure of the bones of the forearm, the greatest care

is requisite to prevent the ends of the bones from being drawn inwards towards the inter-

osseous space : if this point is not carefully attended to, the radius and ulria may become

auchylosed, and the movements of pronation and supination entirely lost. To obviate this,

the splints applied to the limb should be well padded, so as to press the muscles down into

their normal situation in the interosseous space, and thus prevent the approximation of the

fragments.

Fracture of the lower end of the radius (fig. iSg) is usually called CoUes'sfracture, Irom
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the name of tlie eminent Dublin surgeon who first accurately described it. It is generally
produced by the patient falling upon the hand, which receives the entire weight of the
body. This fracture usually takes place from half an inch to an inch above the articular

surface if it occurs in the adult ; but in the child, before the age of sixteen, it is more
frequentlj' a separation of the epiphysis from the diaphysis. The displacement which is

produced is very considerable, and bears some resemblance to dislocation of the carpus
backwards, from which it should be carefully distinguished. The lower fragment is drawn

189.—Fracture of the Lower End of the Radius.

upwards and backwards behind the upper fragment by the combined actions of the Supinator
longus and the flexors and the extensors of the thumb and carpus, producing a well-marked
prominence on the back of the wrist, with a deep depression above it. The upper fragment
projects forwards, often lacerating the substance of the Pronator quadratus, and is drawn
by this muscle 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 iiexor tendons
being thrust forwards. This fracture may be distinguished from dislocation bj' the de-
formity 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. The age of the patient will also assist in determining whether
the injm-y is fi-acture or separation of the epiphj'sis. 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 the parts in that position by well-padded
pistol-shfqyed splints.

MUSCLES AND FASCIA OF THE LOWER EXTREMITY.

The Muscles of tbe Lower Extremity are subdivided into groups, correspondins

with the different regions of the limb.

Hip.

Iliac Region.

Psoas magnus.
Psoas parvus.

Iliacus.

Thigh.

Anterior Femoral Region.

Tensor vaginse femoris.

Sartorius.

Rectus.

Vastus externus.

Vastus internus.

Crureus.

Subcrureus.

Internal Femoral

Gracilis.

Pectineus.

Adductor longus.

Adductor brevis.

Adductor magnus.

Region.

Gluteal Region.

Gluteus maximus.

Gluteus medius.

Gluteus minimus.

Pyriformis.

Gemellus superior.

Obturator internus.

Gemellus inferior.

Obturator externus.

Quadratus femoris.

Posterior Femoral Region.

Biceps.

Semitendinosus.

Semimembranosus.

Leg.

Anterior Tihio-fihular Region.

Tibialis antious.

Extensor longus digitorum.

Extensor proprius pollicis.

Peroneus tertius.
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Posterior Tibio-fihular Begion.

Superficial Layer.

Gastrocnemius.

Plantaris.

Soleus.

Deep Layer.

Popliteus.

Flexor longus pollicis.

Flexor longus digitorum.

Tibialis posticus.

Fibular Region.

Peroneus longus.

Peronens brevis.

Foot.

Dorsal Region.

Extensor brevis digitorunL

Plantar Region.

First Layer.

Abductor pollicis.

Flexor brevis digitoram.

Abductor minimi digiti.

Second Layer.

Flexor aceessorius.

Lumbricales.

Third Layer.

Flexor brevis pollicis.

Adductor pollicis.

Flexor brevis minimi digiti.

Transversus pedis.

Fourth Layer.

The Interossei

Psoas Maofnus.

Iltac Region,

Psoas Parvus. Iliacus.

Dissection. No detailed description is required for tke dissection of these muscles. On the

removal of the viscera from the abdomen, thej' are exposed, covered by the peritoneum and
a thin layer of fascia, the fascia iliaca.

The iliao fascia is the aponeurotic layer V7bi«h 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 femoral areh.

The portion investing the Psoas is attached, above, to the ligamentum arcuatnm
internumi-, internally, to the sacrum; and by a series of arched processes to the

intervertebral substances, and prominent margins of the bodies of the vertebrae
;

the intervals so left, opposite the constricted jjortions of the bodies, transmitting

the lumbar arteries and filaments of the sympathetic nerv*. Externally, this

portion of the iliac fascia is continuous with the fascia lumboram.
The portion investing tlie 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 witb the periosteum, and receives the tendon of

insertion of the Psoas parvus, when tha^t muscle exists. External to the femoral

vessels, this fascia is intimately connected with Poupart's ligament, and is con-

tinuous with the fascia transversalis ; but, as th-e femoral vessels pass down into

the thigh, it is prolonged down behind them, forming the posterior wall of the

femoral sheath. Outside the femoral sheath, the iliac fascia surrounds the Psoas

and Iliacus muscles to their termination, and becomes continuous with the Iliac

portion of the fascia lata. Internal to the femoral vessels, the iliao fascia is

connected to the ilio-pectineal line, and is continuous with the pubic portion of the

fascia lata. The external iliac vessels lie in front of the iliac fascia, but all the

branches of the lumbar plexus behind it 5 it is separated from the peritoneum by a

quantity of loose areolar tissue. In abscess accompanying caries of the lower part

of the spine, the matter makes its way to the femoral arch, distending the sheath

of the Psoas ; and when it accumulates in considerable quantity, this muscle be-

comes absorbed, and the nervous cords contained in it are dissected out, and are

exposed in the cavity of the abscess ; the femoral vessels, however, remain intact,

and the peritoneum seldom becomes implicated-

Remove this fascia, and the muscles of the iliac region will be exposed.
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The Psoas Magnus (fig. 191) is a long fusiform muscle, placed on the side of

the lumbar region of the spine and margin of the pelvis. It arises from the sides

of the bodies, from the corresponding intervertebral substances, and from the front

of the bases of the transverse processes of the last dorsal and all the lumbar ver-

tebrte. The muscle is connected to the bodies of the vertebrae by five slips ; each

slip is attached to the upper and lower margins of two vertebras, and to the inter-

vertebral substance between them ; the slips themselves being connected by the

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 blood-vessels and nerves

from pressure during the action of the muscle. The first slip is attached to the

contiguous margins of the last dorsal and first lumbar vertebras ; 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 behind 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 arcuatum internum, the

kidney. Psoas parvus, renal vessels, ureter, spermatic vessels, genito-crural nerve,

the colon, and along its pelvic border, with the common and external iliac artery and

vein. By its 2iosterior surface, with the transverse processes of the lumbar vertebra,

and the Quadratus lumborum, from which it is separated by the anterior lamella of

the aponeurosis of the Transversalis. 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 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 vertebrse,

the lumbar arteries, the ganglia of the symjiathetic 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. 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 sometimes communicates with the cavity of the

joint through an opening of variable size ; by its inner harder, 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 preceding.

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 continuous, by its outer border, with the iliac fascia.

This muscle is present, according to M. Theile, in one out of every twenty subjects

examined.

Relations. It is covered by the peritoneum, and at its origin by the ligamentum

arcuatum internum ; it rests on the Psoas magnus.

The Iliacus is a flat radiated muscle, which fills up the whole of the internal

iliac fossa. It arises from the iliac fossa, and inner margin of the crest of the

ilium ; behind, from the ilio-lumbar ligament, and base of the sacrum ; in front,

from the anterior superior and anterior inferior spinous processes of the ilium, from

the notch between them, and by a few fibres from the capsule of the hip-joint.

The fibres converge to be inserted into the outer side of the tendon of the Psoas,

some of them being prolonged into the oblique line which extends from the lesser

trochanter to the linea aspera.

Relations. Within the Pelvis : 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 ccecum ; on the left side, with the sigmoid flexure of

the colon. By its 'posterior surface, with the iliac fossa. By its inner harder, with

the Psoas magnus, and anterior crural nerve. In the thigh, it is in relation, by
its anterior surface, with the fascia lata, Rectus and Sartorius ; behind, with the
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capsule of the hip-joint, a synovial bursa common to it and the Psoas magn^us

being interposed.

Nerves. The Psoas is supplied by the anterior branches of the lumbar nerves,

the Iliacus by the anterior crural.

Actions. The Psoas and Iliacus muscles, acting from above, flex the thigh upon
the pelvis, and, at the same time, rotate the femur outwards, from the obliquity of

their insertion into the inner and back part of that bone. Acting from belovc, 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 support-

ing the spine and pelvis upon the femur, and assist in raising the trunk when the

body is in the recumbent posture.

The Psoas ijarvus is a tensor of the iliac fascia.

Anteeioe Femoral Region.

Tensor Vaginas FemorLs.

Sartorius.

Rectus.

Vastus Externus.

Vastus Internus.

Crureus.

Subcrureus.

-Dissection of Lower Extremity.
Front View.

Dissection. To expose the muscles and fascisB in this region, malce an incision along Pou-
part's ligament, from the spine of the ilium to the pubes, a vertical incision from the centre

of this, along the middle of the thigh to below the knee-joint, and a transverse incision

from the inner to the outer side of the leg, at

the lower end of the vertical incision. The igo.-

ilaps of integument having heen removed,
the superficial and deep fasciae should he
examined. The more advanced student should

commence the study of this region by an
examination of the anatomy of femoral her-

nia, and Scarpa's triangle, the incisions for

the dissection of which are marked out in the

accompanying figure.

f.Du choii.

Fascij; op the Thigh.

The Siiperficial fascia forms a con-

tinuous layer over the whole of the

lower extremity, consisting of areolar tis-

sue, containing in its meshes much adipose

matter, and capable of. being separated

into two or more layers, between which

are found the superficial vessels and

nerves. It varies in thickness, in differ-

ent parts of the limb ; in the sole of the

foot it is so thin as to be scarcely demon-

strable, the integument being closely ad-

herent to the deep fascia beneath, but in

the groin it is thicker, and the two layers

are separated from one another by the

superficial inguinal glands, the internal

saphenous vein, and several smaller ves-

sels. One of these two layers, the super-

ficial, is continuous above with the super-

ficial fascia of the abdomen, the deep

layer becoming blended with the fascia

lata, a little below Poupart's ligament.

The deep layer of superficial fascia is in-

timately adherent to the margins of the

saphenous opening in the fascia lata, and
pierced in this situation by numerous

femoral hernia,

Scarpa's triangle

S . FRONT «/-THICH

Jf. . DORSUMg^ FOOT
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191.—Muscles of the Iliac and Anterior

Femoral Reo'ions.
small blood and Ij-mpliatic vessels : hence

the name cribriform fascia, which has

been applied to it. SubcutaneoTis bursae

are found in the superficial fascia over

the patella, point of the heel, and pha-

langeal articulations of the toes.

The deejJ fascia of the thigh is exposed

on the removal of the superficial fascia,

and is named, from its great extent, the

fascia lata ; it forms a uniform investment

for the \7h0le of this region of the limb,

but varies in thickness in different parts
;

thus, it is thicker in the upper and outer

part of the thigh, where it receives a

fibrous expansion from the Gluteus maxi-

mus muscle, andtheTensorvaginisfemoris

is inserted between its layers : it is very

thin behind, and at the upper and inner

part, whereit covers the Adductor muscles,

and again becomes stronger around the

knee, receiving fibrous expansions from
the tendon of the Biceps externally, and
from the Sartorius, Gracilis, Semitendi-

nosus, and Quadriceps extensor cruris in

front. The fascia lata is attached, above,

to Poupart's ligament, and the crest of the

ilium ; behind, to the margin of the sa-

crum and coccyx ; internally, to the pubic

arch, and linea ilio-pectinea ; and below to

all the prominent points around the knee-

joint, the condyles of the femur, tubero-

sities of the tibia, and head of the fibula.

That portion which invests the Gluteus

medius (the Gluteal aponeurosis) is very

thick and strong, and gives origin, by its

inner surface, to some of the fibres of

that muscle ; at the upper border of

the Gluteus maximus, it divides into two
layers, the upper of which, very thin,

covers the surface of the Gluteus maxi-

mus, and is continuous below with the

fascia lata : the deep layer is thick above,

where it blends with the great sacro-

sciatic ligament, thin below, where it se-

parates the Gluteus maximus from the

deeper muscles. From the inner surface

of the fascia lata are given off two strong

intermuscular septa, which are attached

to the whole length of the linea aspera : the

external and stronger one, which extends

from the insertion of the Gluteus maximus
to the outer condyle, separates the Vastus
externus in front from the short head of

the Biceps behind, and gives partial ori-

gin to those muscles ; the inner one, the

thinner of the two, separates the Vastus
internus from the Adductor muscles.
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Besides these, there are numerous smaller septa, separating the individual 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 saphenous opening. In order

more correctly to consider the mode of formation of this aperture, the fascia lata

is described as consisting, in this part of the thigh, of tvro portions, an iliac por-

tion, and a pubic portion.

The iliac portion 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

as the spine of the pubes, and to the pectineal line in conjunction with Gimbernat's

ligament. From the spine of the pubes, it is reflected downwards and outwards,

forming an arched margin, the superior cornu, or outer boundary 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.

The puhic 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 is seen to cover the surface of the Pectineus muscle, and passing

behind the sheath of the femoral vessels, to which it is closely united, is con-

tinuous with the sheath of the Psoas and Iliacus muscles, and is finally lost in the

fibrous capsule of the hip-joint. This fascia is attached above to the pectineal line

in front of the insertion of the aponeurosis of the external oblique, and internally

to the margin of the pubic arch. 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 exists between the two,

throughwhich the internal saphenous joins the femoral vein.*

The fascia should now he removed from the sm-face of the muscles. This may he effected

by pinching it up between the forceps, dividing it, and separating it from each nuiscle in the

course of its fibres.

The Tensor Vagince Femoris is a short flat muscle, situated at the upper and

outer side of the thigh. It arises from the anterior part of the outer lip of the

crest of the ilium, and from the outer surface of the anterior superior spinous

process, between the Gluteus medius and Sartorius. The muscle passes obliquely

downwards, and a little backwards, to be inserted into the fascia lata, about one-

fourth down the outer side of the thigh.

Relations. By its superficial surface, with the fascia lata and the integument.

By its deep surface, with the Gluteus medius. Rectus 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 horder, with the Glutens

medius.

The Sartorius, the longest muscle in the body, is flat, narrow, and riband-like

:

it arises by tendinous fibres from the anterior superior spinous process of the

iUum and the upper half 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 for-

wards, 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 expan-

sion covers the insertion of the tendons of the Gracilis and Semitendinosns, with

which it is partially united, a synovial bursa being interposed between them.

An offset is derived from the upper margin of this aponeurosis, which blends with

* These parts will he again more particularly described with tlie anatomy of Hernia.
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tlie 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, as its inner border forms the chief

fuide in tying the artery. In the upper third dfthe 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

lalong the inner border, and then behind the Sartorius.

Belations. By its superficial surface, with the fascia lata and integument. By
its deep surface, with the Iliacus, Psoas, Rectus, Vastus internus, anterior crural

nerve, sheath of the femoral vessels. Adductor longus, Adductor magnus. Gracilis,

long sajihenous nerve, and internal lateral ligament of the knee-joint.

The Quadriceps extensor includes the four remaining muscles on the front of

the thigh. It is the great 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 tibia, and above subdividing 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 Eeotus femorts, from its straight

course. The other divisions lie in immediate connection with the shaft of the

femur, which they cover from the condyles to the trochanters. The portion on

the outer side of the femur is termed the Vastus externus ; that covering the inner

side, the Vastus internus ; and that covering the front of the femur, the Grureus.

The two latter portions are, however, so intimately blended, as to form but one

muscle.

The Rectus feinoris is situated in the middle of the anterior region of the thigh

;

it is fusiform in shape, and its fibres are arranged in a bipenniform manner. 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,

to be attached to a groove above the brim of the acetabulum
; this is the reflected

itendon, or long head, of the Rectus ; it unites with the straight tendon at an 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 narrowed into a flattened

'tendon, is inserted into the patella in common with the Vasti and Crureus.

Relations. By its svperficial surface, with the anterior fibres of the Gluteus

iminimus, the Tensor vaginae femoris, Sartorius, and the Psoas and Iliacus ; by its

lower three-fourths, with the fascia lata. By its posterior surface, with the hip-

joint, the external circumflex vessels, and the Crureus and Vasti muscles.

The three remaining muscles have been described collectively by some anatomists,

separate from the Rectus, under the name of the Triceps extensor cruris. In order

to expose them, divide the Sartorius and Rectus across the middle, and turn them
1 aside, when the muscles in question will be fully brought into view.

The Vastus externus is the largest partofthe Quadriceps extensor. It arises by

a broad aponeurosis, which is attached to the tubercle of the femur, to the anterior

border of the great trochanter, to a horizontal ridge on its outer surface, to a rough

line leading from the trochanter major to the linea aspera, and to the whole

length of the outer lip of the linea aspera ; this aponeurosis covers the upper

three-fourths of the muscle, and from its inner surface many fibres arise. A few
additional fibres arise from the tendon of the 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 strono-

I aponeurosis, placed on the under surface of the muscle at its lower part : this

becomes contracted and thickened into a flat tendon, which is inserted into the

I outer border of the patella, blending with the great extensor tendon.

Relations. By its superficial surface, with the Rectus, the Tensor vaginae

femoris, the fascia lata, and the Gluteus.maximus, from which it is separated by a
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synovial bursa. By its tZeep surface, witli the Crureus, some large branctes of the

external circumflex artery and anterior crural nerve being interposed.

The Vastus Intwmis and Crureus are so inseparably connected together, as to

form but one muscle, as which il will be accordingly described. It is the smallest

portion of the Quadriceps extensor. The anterior portion of it, covered by the

Rectus, is called the Crureus ; the internal portion, which lies immediately 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 tbe

femur to the linea aspera, from the whole length of the inner lip of the linea aspera,

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 within the lower

fourth of the bone. From these different origins, the fibres converge to a broad

aponeurosis, 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 gradually narrows down 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.

Belatiuns. By its supeificial surface, with the Psoas and Iliacus, the Rectus,

Sartorius, Pectineus, Adductors, and fascia lata, femoral vessels, and saphenous

nerve. By its deejo surface, with the femur, Subcrureus, and synovial membrane 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 simi-

larity, that M. Cruveilhier has described it under the name of the Triceps femoralis.

Like the Triceps brac^hialis, it consists of three distinct divisions, or heads : a middle

or long head, 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 femoi-alis. These, it will be noticed, are strictly analogous to the outer

and inner heads of the Triceps brachialis.

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. More properly, the patella may be regarded as

a sesamoid bone, developed in the tendon of the Quadriceps ; and the ligamentum
patellse, which is continued from the lower part of the patella to the tuberosity of

the tibia, as the proper tendon of insertion of the muscle. A synovial bursa is

interposed between the tendon and the upper part of the tuberosity of the tibia.

From the tendons corresponding to the Vasti, a fibrous prolongation is derived,

which is attached below to the upper extremities of the tibia and fibula, and
which serves to protect the knee-joint, being strengthened on its outer side by the

fascia lata.

The Suhcrureus is a small muscle, irsually distinct from the Crureus, but occa-

sionally 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 synovial pouch

that extends upwards from the knee-joint behind the patella. It sometimes consists

of two separate muscular bundles.

Nerves. The Tensor vaginse femoris is supplied by the superior gluteal nerve ;

the other muscles of this region, by branches from tbe anterior crural.

Actions. The Tensor vaginse femoris is a tensor of the fascia lata ; continuing

its action, the oblique direction of its fibres enables it to i-otate the thigh inwards.

In the erect posture, acting from below, it will serve to steady the pelvis upon the

head of the femur. The Sartorius flexes the leg upon the thigh, and, continuing

to act, flexes the thigh upon the pelvis, at the same time drawing the limb inwards,

so as to cross one leg over the other. Taking its fixed point from the leg, it

flexes the pelvis upon the thigh, and, if one muscle acts, assists in rotating the
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oelvis. The Quadriceps extensor extends the leg upon the thigh. Taking its

ised point from the leg, as in standing, this muscle will act upon the femur,

supporting it perpendicularly upon the head of the tibia, and thus maintaining the

jntire weight of the body. The Rectus muscle assists the Psoas and Iliacns, in

supporting the pelvis and trunk upon the femur, or in bending it forwards.

192.—Deep Muscles of the Internal

Femoral Re£;iou.
InternjVl Femoral Region.

Gracilis.

Pectineus.

Adductor Longus.

Adductor Brevis.

Adductor Magnus.

Dissection. These muscles are at once ex-
posed by removing the fascia from the fore

part and inner side of the thigh. The limb
should be abducted, so as to render the muscles
tense, and easier of dissection.

The Gracilis (figs. 191, 194) is the most
superficial muscle on the inner side of

the thigh. It is thin and flattened, broad

above, narrow and tapering below. It

arises by a thin aponeurosis between two
and three inches in breadth, from the

inner margin of the ramus of the pubes

and ischium. The fibres pass vertically

downwards, and terminate in a 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 tuberosity. The ten-

don of this muscle is situated immediately

above that of the Semitendinosus, and

beneath the aponeurosis of the Sartorius,

with which it is 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.

Ralaiions. By its siiperfidal surface,

with the fascia lata and the Sartoi-ius bo-

low ; the internal saphenous vein crosses

it obliquely near its lower part, lying

superficial to the fascia lata. The ante-

rior crural nerve emerges between its ten-

don and that of the Sartorius. By its deep

surface, with the three Adductors, and the

internal lateral ligament of the knee-joint.

The Pectineus (fig. igi) is a flat quad-

rangular muscle, situated at the anterior

part of the vtpper and inner aspect of the

thigh. It arises from the linea ilio-pecti-

nea, from the snrface of bone in front of it,

between the pectineal eminence and spine

of the pubes, and from a tendinous pro-

longation of Gimbernat's ligament, which
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is attached to the crest of thepubes, and is continuous with the fascia covering the

anterior surface of the muscle ; the fibres pass downwards, backwards, and outwards,
to be inserted into a rough line leading from the trochanter minor to the linea

aspera.

Belaiians. By its anterior surface, with the pubic portion of the fascia lata, which
separates it from the femoral vessels and internal saphenous vein. By its posterior

surface, with the hip-joint, the Adductor brevis and Obturator externus muscles,

the obturator vessels and nerve being interposed. By its outer harder, with the

Psoas, a cellular interval separating them, upon which lies the femoral artery. By
its inner border, with the margin of the Adductor longus.

The Adductor Longus, the most superficial of the three Adductors, is a flat

triangular muscle, lying on the same plane as the Pectineus, with which it is often

blended above. It arises, by a flat narrow tendon, from the front of the pubes, at

the angle of junction of the crest with the symphysis ; and soon expands into a

broad fleshy belly, which, passing downwards, backwards, and outwards, is inserted,

by an aponeurosis, into the middle third of the linea aspera, between the Vastus
intemus and the Adductor magnus.

Eelations. By its anterior surface, with the fascia lata, 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 vessels and nerve, and
with the profunda artery and vein near its insertion. By its ou,ter horder, with the

Pectineus. By its inner border, with the Gracilis.

The Pectineua 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.

It is somewhat triangular in form, and arises by a narrow origin from the enter

surface of the descending ramus of the pubes, between the Grracilis and Obturator

externus. Its fibres, passing backwards, outwards, and downwards, are inserted,

by an aponeurosis, into the upper part of the liuea aspera, immediately behind the

Pectineus and upper part of the Adductor longus.

Belations. By its anterior surface, with the Pectineus, Adductor longus, and
anterior branches of the obturator vessels and nerve. By its posterior surfice,

with the Adductor magnus, and posterior branches of the obturator vessels and

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 artery.

The Adductor brevis should now be cut away near its origin, and turned outwards, when
the entire extent of the Adductor magnus will be exposed.

The Adductor Magnus is a large triangular muscle, forming a septum between

the muscles on the inner and those on the back of the thigh. It arises from

a small part of the descending ramus of the pubes, 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 fi-om the ramus of the pubes are very short,

horizontal in direction, and are inserted into the rough line leading from 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 whole length

of the linea aspera and the upper part of its internal bifurcation 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 tubercle above the inner condyle

of the femur, being connected by a fibrous expansion to the line leading upwards

from the tubercle to the liuea aspera. Between the two portions of the muscle

an angular interval is left, tendiuous in front, fleshy behind, for the passage of
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the femoral vessels iuto the popliteal space. The external portion of the muscle

is pierced by four apertures : the three superior, for the three superior perforating

arteries ; the fourth, for the passage of the profunda. This muscle gives oif an

aponeurosis, which passes in front of the femoral vessels, and joins with the Vastus

internus.

Belations. By its anterior surface, with the Pectineus, Adductor brevis, Ad-

ductor longus, and the femoral vessels. By its posterior surface, with the great

sciatic nerve, the Gluteus maximus, Biceps, Semitendinosus, and Semimembra-

nosus. By its superior or sJwrtest border, it lies parallel with the Quadratus

femoris, the internal circumflex artery passing between them. By its internal or

longest harder, with the Gracilis, Sartorius, aud fascia lata. By its external or

attached horder, 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. All the muscles of this group are supplied by the obturator nerve.

The Pectineus receives additional branches from the accessory obturator and

anterior crural ; and the Adductor magnus an additional branch from the great

sciatic.

Actions. The Pectineus and three Adductors adduct the thigh powerfully ; they

are especially used in horse exercise, the flanks of the horse being grasped between

the knees by the action of these muscles. In consequence of the obliquity of their

insertion into the linea aspera, they rotate the thigh outwards, assisting the ex-

ternal Rotators, and when the limb has been abducted, they draw it inwards,

carrying the thigh across that of the opposite side. The Pectineus and Adductor

brevis and longus assist the Psoas and Iliacus in flexing the thigh upon the pelvis.

In progression, also, all these muscles assist in drawing forwards the hinder limb.

The Gracilis assists the Sartorius in flexing the leg and drawing 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 act upon the pelvis, serving to maintain

the body in the erect posture ; or, if their action is continued, to flex the pelvis

forwards upon the femur.

Gluteal Region.

Gluteus Ma.ximus. Gemellus Superior.

Gluteus Medius. Obturator Internus.

Glutens Minimus. Gemellus Inferior.

Pyriformis. Obturator Externus.

Quadratus Femoris.

Dissection (fig. 193). The suhject should be turned on its face, a block placed hcneath the

pelvis to make the buttocks tense, and the limbs allowed to hang over the end of the table,

with the foot inverted, and the thigh abducted. Make an incision through the integument
along the hack part of the crest of the ilium and margin of the sacrum to the tip of the

coccyx, and carry a second incision 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, together with the superficial fascia, is to be removed in

the direction shown in the figure, when the Gluteus maximus and the dense fascia covering

the Gluteus medius will he exposed.

The Gluteus Maximus (flg. 194), the most superficial muscle in the gluteal region,

is a very broad and thick fleshy mass, of a quadrilateral shape, which forms the pro-

minence 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 of maintain-

ing 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 the last piece of the sacrum,

the side of the coccyx, and posterior surface of the great sacro-sciatic and
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posterior sacro-iliac ligaments. The fibres are directed obliquely downwards and

outwards ; those forming the upper and larger portion of the muscle (after con-

verging somewhat) terminate in a thick

tendinous lamina, which passes across the

great trochanter, and is inserted into the '93-'

fascia lata covering the outer side of the

thigh, the lower portion of the muscle being

inserted into the rough line leading from

the great trochanter to the linea aspera

between the Vastus externus and Adductor

magnus.

Three synovial hursce are usually found

separating the under surface of this muscle

from the eminences which it covers. One
of these, of large size, and generally multi-

locular, separates it from the great trochanter.

A 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.

Melations. Hy its superficial siirface, with

a thin fascia, which separates it from the

subcutaneous tissue. By its deep surface, jjf

from above downwards, with the ilium,

sacrum, coccyx, and great • saoro-sciatic

h'gament, part of the Gluteus medius, Pyri-

formis, Gemelli, Obturator internus, Quadra-

tus femoris, the tuberosity of the ischium,

great trochanter, the origin of the Biceps,

Semitendinosus, Semimembranosus, and Ad-
ductor magnus muscles. The gluteal ves-

sels and superior gluteal nerve are seen

issuing from the pelvis above the Pyriformis

muscle, the sciatic and internal pubic

vessels and nerves, and the nerve to the / ''^ \ '^ ^°^^ ^ ^°°^

Obturator internus muscle below it. Its

upper harder is thin, and connected with

the Gluteus medius by the fascia lata. Its

loiuer border, free and prominent, forms the

fold of the nates, and is directed towards

the periniBum.

Dissection. Now divide the Gluteus maximus near its origrin, by a vertical incision carried

from its upper to its lower border ; a cellular interval will be exposed, separating; it from
tbe Gluteus medius and External rotator muscles beneath. The upper portion of the rnuscle

is to be altogether detached, and the lower portion turned outwards ; the loose areolar

tissue filhng up the interspace between the trochanter major and tuberosity of the ischium

being removed, the parts alread}- enumerated as exposed hy the removal of this muscle will

be seen.

The Gluteus Medius is a broad, thick, radiated muscle, situated on the outer

surface of the pelvis. Its posterior third is covered by the Gluteus maximus ; its

anterior two-thirds by the fascia lata, which separates it from the integument.

It arises from the outer surface of the ilium, between the superior and middle

curved lines, 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 anterior

part. The fibres converge to a .strong flattened tendon, which is inserted into the

oblique line which traverses the outer surface of the great trochanter. A synovial

bnrsa separates the tendon of the muscle from the surface of the trochanter

in front of its insertion.
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194.—Muscles of the Hip and Thigh.
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Relations. By its sui)erfi-

cial surface, with the Glnteus
masimus behind, the Tensor
vaginae femoris, and deep fas-

cia in front. By its deep

surface, with the Gluteus mi-

nimus and tlie gluteal vessels

and superior gluteal nerve.

Its anterior border is blended

with the Gluteus minimus.

Its posterior harder lies par-

allel with the Pyriformis,

the gluteal vessels interven-

ing.

This muscle should now he
divided near its insertion and
turned upwards, when the Glu-
teus minimus will he exposed.

The Gluteus Minimus, the

smallest of the three glutui,

is placed immediately beneath

the preceding. It is fan-

shaped, arising from the outer

surface of the ilium, between

the middle and inferior curved

lines, and behind, from the

margin of the great sacro-

sciatic notch : the fibres con-

verge 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 synovisil

bnrsa is interposed between

tlie tendon and the great tro-

chanter.

Belations. By its superfi-

cial surface, with the Gluteus

medius, and the gluteal vessels

and superior gluteal nerve.

By its deep surface, with the

ilium, the reflected tendon of

the Rectus femoris, and cap-

sular ligament of the hip-

joint. Its anterior margin is

blended with the Gluteus me-

dius. Its posterior margin, is

often joined with the tendon

o'f the Pyriformis.

The Pyriformis is a flat

muscle, pyramidal in shajjo,

lying almost parallel with

the posterior margin of the

Gluteus medius. It is situ-

ated partlj' within the pelvis

at its posterior part, and partly
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afc the back of the liip-joiat. It arises from the front of the sacrum by three

fleshy digitations, attached to the portions of 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 great sacro-sciatic ligament. The
muscle passes out of the pelvis through the great sacro-sciatic foramen, the upper
part of which it fills, and is inserted by a rounded tendon into the upper border

of the great trochanter, being generally blended with the tendon of the Obturator

internus.

Selatmis. By its anterior surface, within the pelvis, with the Rectum (especially

on the left side), the sacral plexus of nerves, and 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 ; and external to it, with the

Gluteus masimus. By its upper border, with the Gluteus medius, from which it is

separated by the gluteal vessels and superior gluteal nerve. By its lower border,

with the Gemellus superior and Coccygeus ; the sciatic vessels and nerves, the

internal pudic vessels and nerve, and the nerve to the Obturator internus, passing

from the pelvis in the interval between the two muscles.

Dissectioiu The next muscle, as well as the origin of the Pyrifonuis, can only he seen when
the pelvis is divided, and the viscera removed.

The Obturator membrane is a dense layer of interlacing fibres, which completely

closes the obturator foramen, except at its upper and outer part, where a small

oval canal is left for the obturator vessels and nerve. Each obturator muscle is

connected with this membrane.

The Obturator Internus, like the preceding muscle, is situated partly within

the cavity of the pelvis, partly at the back of the bijj-joint. It arises from the

inner surface of the anterior and external wall of tho pelvis, around the inner side

of the obturator foramen, being attached to the descending ramus of the pubes,

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,

the great sacro-sciatic notch behind, and the brim of the true pelvis above. It

also arises from the inner surface of the obturator membrane and from the ten-

dinous arch which completes the canal for the passage of the obturator vessels and

nerve. The fibres are directed backwards and downwards, and terminate in four

or five tendinous bands, which are found on its deep surface ; these bands are

reflected at a right angle over the inner surface of the tuberosity of the ischium,

which is grooved for their receptions the groove is covered with cartilage, and

lined with 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 in-

serted into the upper border of the great trochanter in front of the Pyriformis. 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 that between the tendon and the tuberosity of the ischium, the two forming

a single sac.

In order to display the peculiar appearances presented by the tendon of this muscle, it

must he divided near its insertion and reflected outwards.

delations. 'Within the pelvis, this muscle is in relation, by its anterior surface,

with the obturator membrane and inner surface of the anterior wall of the jDelvis
;

by its posterior surface, with the pelvic and obturator fascite, 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. Eoitenial to the pelvis,

it is covered by the great sciatic nerve and Gluteus maximns, and rests on the back

part of the hip-joint.

The Gemelli are two sjnall muscular fasciculi, accessories to the tendon of the
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Obturator internus, which is received into a groove between them. They are

called superior and inferior.

The Gemellus Superior, the smaller of the two, arises from the outer surface

of the spine of the ischium, and passing horizontally outwards becomes blended

with the upper jjart of the tendon of the Obturator internus, and is inserted

with it into the upper border of the great trochanter. This muscle is sometimes

wanting.

delations. By its superficial surface, with the Gluteus maximus and the sciatic

vessels and nerves. By its deep surface, with the capsule of the hip-joint. By its

upper border, 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 outer border of the tube-

rosity of the ischium, and passing horizontally outwards is blended with the lower

part of the tendon of the Obturator internus, and inserted with it into the upper
border of the great trochanter.

Belations. By its superficial surface, with the Gluteus maximus and the sciatic

vessels and nerves. By its deep surface, with the capsular ligament of the hip-

joint. By its upper border, with the tendon of the Obturator internus. By
its lower border, with the tendon of the Obturator externus and Quadratus

femoris.

The Quadratus Femorii is a short, flat muscle, quadrilateral in shape (hence its

name), situated between the Gemellus inferior and the upper margin of the Ad-
ductor magnus. It arises from the outer border of the tuberosity of the ischium,

and proceeding horizontally outwards is inserted into the upper part of the linea

quadrati, on the posterior surface of the trochanter major. A synovial bursa is

often found between the under surface of this muscle and the lesser trochanter,

which it covers.

Eelations. By its posterior surface, with the Gluteus maximus and the sciatic

vessels and nerves. By its anterior surface, with the tendon of the Obturator ex-

ternns and trochanter minor, and with the capsule of the hip-joint. By its upper

border, with the Gemellus inferior. Its loiver border is separated from the Adductor

magnus by the terminal branches of the internal circumflex vessels.

Dissection. In order to expose the next muscle (the Obturator externus), it is necessary

to remove the Psoas, Iliacus, Pectiueus, and Adductor brevis and longus muficles from the

front and inner side of the thigh ; and the Gluteus maximus and Quadratus femoris from
the hack part. Its dissection should, consequently, he postponed until the Inuscles of the

anterior and internal femoral regions have been examined.

The Obturator Externus (fig. 192) 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 pubes, 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 ten-

dinous arch which completes the canal for the passage of the obturator vessels and

nerves. The fibres converging pass outwards and backwards, 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.

Belations. By its anterior surface, with the Psoas, IliaCns, Pectineus, Adductor

longus. Adductor brevis, and Gracilis ; and more externally, with the neck of the

femur and capsule of the hip-joint. By its posterior surface, with the obturator

membrane and Quadratus femoris.

Nerves. The Gluteus maximus is supplied by the inferior gluteal nerve and a

branch from the sacral plexus ; the Gluteus medius and minimus, by the superior

gluteal ; the Pyriformis, Gemelli, Obturator internus, and Quadratus femoris, by

ranches from the sacral plexus, and the Obturator externus, by the obturator

nerve.

Actions. The Glutei muscles, when they take their fixed point from the pelvis,

are all abductors of the thigb. The Gluteus maximus and the posterior fibres of

X 2
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the Gluteus medius, rotate the thigh outwards ; the anterior fibres of the Gluteus

medius and the Gluteus minimus rotate it inwards. The Gluteus maximus serves

to extend the femur, and the Gluteus medius and minimus draw it forwards. The
Gluteus maximus is also a tensor of the fascia lata. Taking their fixed point

from the femur, the Glutei muscles act upon the pelvis, supporting it and the whole

trunk upon the head of the femur, which is specially obvious in standing on one

leg. In order to gain the erect posture after the effort of stooping, these muscles

draw the pelvis backwards, assisted by the Biceps, Semitendinosus, and Semi-

membranosus muscles. The remaining muscles are powerful rotators of the thigh

outwards. In the sitting posture, when the thigh is flexed upon the pelvis, their

action as rotators ceases, and they become abduclors, with the exception of the

Obturator externus, which still rotates the femur outwards. When the femur is

fixed, the Pyriformis and Obturator muscles serve to draw the pelvis forwards if

it has been inclLued backwards, and assist in steadying it upon the head of the

femur.
PosTEEiOE Femoral Region.

Biceps. Semitendinosus. Semimembranosus.

Dissection (fig. 193). Make a vertical incision alongc 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 le''.

Make a third incision transversely at the j imetion of the middle with the lower third of the
thigh. The integument having been i-emoved from the back of the knee, and the boundaries
of the pophteal space examined, the remo'S'al of the integument from the remaining part of

the thigh should be continued, when the fascia and muscles of this region will be exposed.

The Biceps (fig. 194) is a large muscle, of considerable length, situated on the

posterior and outer aspect of the thigh. It arises by two heads. One, the long

head, arises froni the lower and inner facet on the back part of the tuberosity of the

ischium, by a tendon common to it and the Semitendinosus. The femoral, or short

head, arises from the onter lip of the linea aspera, between the Adductor magnus
and Vastus externus, extending from a short distance below the insertion of the

Gluteus maximus, to within two inches of the outer condyle ; it also arises from the

external intermuscular septum. The fibres of the long head form a fusiform belly,

which, passing obliquely downwards and a little outwards, terminate in an aponeu-

rosis whichcovers the piosterior surface ofthe muscle, and receives the fibres of the

short head ; this aponeurosis becomes gradually contracted into a tend'on, which is

inserted into the outer side of the head of the fibnla. At its insertion, the tendon

divides into two portions, which embrace the external lateral ligament of the

knee-joint, a strong prolongation being sent forwards to the outer tuberosity of

the tibia, which gives off an expansion to the fascia of the leg. The tendon of

this muscle forms the outer ham-string.

Bdations. By its superficial, surface, with the Gluteus maximus above, the

fascia lata and integument in the rest of its extent. By its Jeep surface, with the

Semimembranosus, Adductor magnus, and Vastus externus, the great sciatic nerve,

popliteal artery and vein, and near its insertion, with the external head of the

Gastrocnemius, Plantaris, the superior external articular artery, and the external

popliteal nerve.

The Semitendinosus, remarkable for the great length of its tendon, is situated

at the posterior and jnner aspect of the thigh. It arises from the tuberosity of

the ischium by a tendon common to it and the long head of the BicejJs ; 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 little below the middle of

the thigh in a long round tendon whicb. 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. This tendon lies beneath the expansion of the Sartorius,

and below that of the Gracilis, to which it is united. A tendinous intersection is

usually observed about the middle of the muscle.
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Bdations. By its superficial surface, witli the Gluteas maximus and fascia lata.

By its deep surface, "with the Semimembranosus, Adductor magnns, inner head of

the Gastrocnemins, and internal latei'al ligament of the knee-joint.

The Semimembranosits, so called from the membranous expansion on its anterior

and posterior surfaces, is situated at the back part and inner side of the thigh.

It arises by a thick tendon from the upper and outer facet on the back part of the

tuberosity of the ischium, above and to the outer side of the Biceps and Semi-

tendinosus, and is inserted into 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 surface and contracts

into the tendon of insertion. The tendon of the muscle at its insertion divides

into three portions : the middle portion is the fasciculus of insertion into the back

part of the inner tuberosity ; it sends down an expansion to cover the Popliteus

muscle. The internal portion is horizontal, passing forwards beneath the internal

lateral ligament, to be inserted into a groove along the inner side of the internal

tuberosity. The posterior division passes upwards and backwards, to be inserted

into the back part of the outer condyle of the femur, forming the chief part of the

posterior ligament of the knee-joint.

The tendons of the two jjreceding muscles, with those of the Gracilis and
Sartorius, form the inner ham-string.

Relations. By its superficial surface, with the Semitendinosus, Biceps, and fascia

lata. By its deep surface, with the popliteal vessels. Adductor magnas, and inner

head of the Gastrocnemius, from which it is separated by a synovial bursa. By its

irmer harder, with the Gracilis. By its outer harder, with the great sciatic nerve,

and its internal popliteal branch.

Nerves. The muscles of this region are supplied by the great sciatic nerve.

Actions. The ham- string muscles flex the leg upon the thigh. When the knee

is semi-flexed, the Biceps, in consequence of its oblique direction downwards
and outwards, rotates the leg slightly outwards ; and the Semimembranosus, in

consequence of its oblique direction, rotates the leg inwards, assisting the Popliteus.

Taking 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.

Surgical Anatomy. The tendons of theae muscles occasionally require subcutaneous

division in some forms of spm'ious anchylosis of the knee-joint, dependent upon permanent
contraction and rigidity of the Flexor muscles, or from stifl'ening of the ligamentous and
other tissues surrounding the joint, the result of disease. This is effected by putting the

tendon upon the stretch, and inserting a narrow sharp-pointed knife between it and the skin :

the cutting edge being then turned towards the tendon, it should be divided, taking care

that the wound in the skin is not at the same time enlarged.

Muscles and Fascij; of the Leg.

Dissection (fig. 190). The knee should be hent, a block placed beneath it, and the foot

kept in an extended position ; then malte an incision through the integument in the middle
line of the leg to the ankle, and continue it along the dorsum of the foot to the 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 integument included between these incisions, in order

to examine the deep fascia of the leg.

The Fascia of the Leg forms a complete investment to the whole of this region

of the limb, excepting to the inner surface of the tibia. 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 tibia and

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 attach-
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ment, by its deep surface, to the Tibialis anticus

and Extensor longns digitoa-nm mnscles : bat

thinner behind, where it covers the Gastrocne-

mius and Soleus muscles. 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 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 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 sp.me

direction as the integiuneut, excepting opposite the

ankle, where it shoiild be left entire. Commence
the removal of the fascia from below, opposite the

tendons, and detach it in the line of direction of

the musculai- tibres.

Muscles of the Leg.

These may be subdivided into three groups :

those on the anterior, those on the posterior,

and those on the outer side.

Anteeioe Tibio-Fibulae Region.

Tibialis Anticus.

Extensor Proprius PoUicis.

Extensor Longus Digitonim.

Peroneus Tertius.

The Tibialis Anticus is situated on the outer

side of the tibia ; it is thick and fleshy at its

upper part, tendinous below. It arises from

the outer tuberosity and upper tsvo-thirds of

the external surface of the shaft of the tibia
;

from the adjoining part of the interosseous

membrane ; from the deep surface of the fascia
;

and from the intermuscular septum between it

and the Extensor longns digitorum : the fibres

pass vertically downwards, and terminate in a

tendon, which is apparent on the anterior surface

of the muscle at the lower third of the leg.

After passing through the innermost compart-

ment of the anterior annular ligament, it is

inserted into the inner and under surface of the

internal cuneiform bone, and base of the meta-

tarsal bone of the great toe.

Relations. By its anterior surface, with the

fascia, and with the annular ligament. By
its posterior surface, with the interosseous

membrane, tibia, ankle joint, and inner side of

the tarsus : this surface also overlaps the

anterior tibial vessels and nerve in the upper
part of the leg. By its inner surface, with the

tibia. By its outer surface, with the Extensor
longus digitorum, and Extensor proprius pol-

licis, and the anterior tibial vessels and nerve.

195. -Muscles of the Front of

the Leg.

h*^

\Tikc
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The Extensor Proprius Pollicis 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 intei'nal to that of the Extensor longus digitorum ; it also arises from
the interosseous membrane to a similar extent. The fibres pass downwards, 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.

Relations. By its anterior harder, with the fascia, and the anterior annular

ligament. By its posterior harder, with the interosseous membrane, fibula, tibia,

ankle-joint, and Extensor brevis digitorum. By its outer side, with the Extensor

long-US digitorum above, the dorsalis pedis vessels and anterior tibial nerve below.

By its inner side, with the Tibialis anticus and the anterior tibial vessels above.

The Uztensar Longus Digitorum is an elongated, flattened, semipenniform

muscle, situated the most externally of all the muscles on the forepart of the leg.

It arises from the outer tuberosity of the tibia ; from the upper three-fourths of

the anterior surface of the shaft of the fibula ; from the interosseous membrane, and
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 muscle ter-

minates in three tendons, which pass through a canal in the annular ligament, with

the Peroneus tertius, run across the dorsum of the foot, and are inserted into the

second and third phalanges of the four lesser toes, the innermost tendon being sub-

divided into two. The mode in which the tendons are inserted is the following :

Each tendon opposite the metatarso-phalangeal articulation is joined, on its outer

side, by the tendon of the Extensor brevis digitorum (except the fourth), and receives

a fibrous expansion from the Interossei and Lumbricales ; it then spreads into a

broad aponeurosis, which covers the dorsal surface of the first phalanx : this apo-

neurosis, 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.

Relations. By its anterior surface, with the fascia and the annular ligament.

'Bj its jjosterio)' surface, with the fibula, interosseous membrane, ankle-joint, and

Extensor brevis digitorum. By its inner side, with the TibiaHs anticus, Extensor

proprins polliois, 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, on its outer side ; from the lower

part of the interosseous membrane ; and from an intermuscular septum between

it and the Peroneus brevis. 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.

Actio7is. The Tibialis anticus and Peroneus tertius are the direct flexors of

the tarsus upon the leg ; the former muscle, from the obliquity in the dii-ection of

its tendon, raises the inner border of the foot ; and the latter, acting ^vith the

Peroneus brevis and longus, will draw the outer border of the foot upwards, and

the sole outwards. The Extensor longus digitorum and Extensor proprius pollicis

extend the phalanges of the toes, and, continuing their action, flex the tarsus upon

the leo-. 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.
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196.—Muscles of the Bact of the Leg.
Superficial Layer,

POSTKRIOE TiBIO-FlBULAE ReSION.

Dissection (fig. 193). Make a vertical incision along tlie middle line of tlie back of 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 in this region of the leg are subdivided into two layers, superficial

and deep. The superficial layer constitutes a powerful muscular mass, forming

the calf of the leg. Their large size is

one of the most characteristic features

of the muscular apparatus in man, and

bears a direct connection vfith his or-

dinary attitude and mode of progression.

Superficial Layer.

Gastrocnemius. Soleus.

Plantaris.

The Gastrocnemius is the most super-

ficial muscle, and forms the greater part

of the calf. It arises by two heads, which

are connected to the condyles ofthe femur

by two strong flat tendons. The inner

head, the lai'ger, 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,

immediately above the origin of i^he Pop-
liteus. 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 por-

tion of the muscle to which it belongs
;

that covering the inner head being longer

and thicker than the outer. From the

anterior surface of these tendinous ex-

pansions, muscular fibres are given off.

The fibres in the median line, which cor-

respond 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 front of the muscle, and this, gradu-

ally contracting, unites with the tendon

of the Soleus, and forms with it the Tendo
Achillis.

Melations. By its superficial surface,

with the fascia of the leg, which separates

it from the external saphenous vein and

nerve. By its deep surface, with the

posterior ligament of the knee-joint, the

Popliteus, Soleus, Plantaris, popliteal
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vessels, and. internal popliteal nerve. The tendon of the inner head corresponds

with the back part of the inner condyle, from which it is separated by a synovial

bursa, which, in some cases, communicates with the cavity of the knee-joint. The
tendon of the outer head contains a sesamoid fibro-carfcilage (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 Salens is a broad flat muscle situated immediately beneath the preceding.

It has received its name from its resemblance in shape to a sole-fish. It arises

by tendinous fibres from the back part of the head of the fibula, and from the

upper third of the internal surface of its shaft ; from the 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 which the posterior tibial vessels and nerve pass. The fibres pass back-

wards to an aponeurosis which covers the posterior surface of the muscle, and this

gradually becoming thicker and nai'rower, joins with the tendon of the Gastro-

cnemius, and forms with it the Tendo Achillis.

Belations. By its superficial surface, with the Gastrocnemius and Plantaris.

By its deep surface, with the Flexor longns digitorum, Flexor longus pollicis,

Tibialis posticus, and posterior tibial vessels and nerve, from which it is separated

by the transverse intermuscular septum or deep fascia of the leg.

The Tendo Achillis, the common tendon of the Gastrocnemius and Soleus, is

the thickest and strongest tendon in the body. It is about six inches in length,

and formed by the junction of the aponeurosis of the two preceding muscles. It

commences about the middle of the leg, but receives fleshy fibres on its anterior

surface, nearly to its lower end. Gradually becoming contracted below, it is

inserted into the lower part of the posterior tuberosity of the os calcis, a synovial

bursa being interposed between the tendon and the upper part of the tuberosity.

The tendon spreads out somewhat at its lower end, so that its narrowest part is

usually about an inch and a half above its insertion. The tendon is covered by
the fascia and the integument, and is separated from the deep muscles and vessels

by a considerable interval filled up with areolar and adipose tissue. Along its

outer side, but superficial to it, is the external saphenous vein.

The Plantaris is an extremely diminutive muscle, placed between the Gastro-

cnemius and Soleus, and remarkable for its long and delicate tendon. It arises

from the lower part of the outer bifurcation of the linea aspera, and from the

posterior ligament of the knee-joint. It forms a small fusiform belly, about two
inches in length, terminating in a long slender tendon which crosses obliquely

between the two muscles of the calf, and running along the inner border of the

Tendo Achillis, is inserted with it into the jjosterior part of the os calcis. This

muscle is occasionally double, and is sometimes wanting. Occasionally, its tendon

is lost in the internal annular ligament, or in the fascia of the leg.

Nerves. These muscles are supplied by the internal popliteal nerve.

Actions. The muscles of the calf possess considerable power, and are con-

stantly called into use in standing, walking, dancing, and leaping ; hence the large

size they usually present. In walking, these muscles di-aw powerfully 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 can be carried forwards.

In standing, the Soleus, taking its fixed point from below, steadies the leg upon
the foot, and prevents the body from falling forwards, to which there is a constant

tendency from the superincumbent weight. The Gastrocnemius, acting from below,

serves to flex the femur upon the tibia, assisted by the Popliteus. The Plantaris

is the rudiment of a large muscle which exists in some of the lower animals, and
serves as a tensor of the plantar fascia.
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Dsep Layer.

Popliteus.

Plexor LoDgus Pollicis.

Flexor Longus Digitorum.

Tibialis Posticus.

Dissection. Detach tlie Soleus from its attacliment to tlie fibula and tibia, and turn it

downwards when the deep layer of muscles

is exposed, covered by the deep fascia of the
igy.-

leg;.

The Deep Fascia of the leg is a broad,

transverse, intermuscular septum, inter-

posed between the superficial and deep

muscles in the posterior tibio-fibular re-

gion. On each side it is connected to the

margins of the tibia and fibula. Above
where it covers the Popliteus, it is thick

and dense, and receives an expansion from

the tendon of the Semimembranosus ; it

is thinner in the middle of the leg ; but

below, where it covers the tendons passing

behind the malleoli, it is thickened. It

is continued onwards in the interval

between the ankle and the heel, where it

covers the vessels, and is blended with

the internal annular ligament.

This fascia should now he removed, com-
mencing from below opposite the tendons, and
detaching it from the muscles in the direction

of their fibres.

The Popliteus is a thin, flat, triangular

muscle, which forms part of the floor of

the popliteal space, and is covered bj^ a

tendinous expansion, derived from the

Semimembranosus muscle. It arises by
a strong flat 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 knee-joint ; and is inserted into the

inner two-thirds of the triangular sui'face

above the oblique line on the posterior

surface of the shaft of the tibia, and into

the tendinous expansion covering the sur-

face of the muscle. The tendon of the

muscle is covered by that of the Biceps

and the external lateral ligament of the

knee-joint ; it grooves the outer surface

of the external semilunar cartilage, and
is invested by the synovial membrane of

the knee-joint.

Relations. By its superficial surface,

with the fascia above mentioned, which

separates it from the Gastrocnemius,

Plantaris, popliteal vessels, and internal

popliteal nerve. By its deep surface,

with the superior tibio-fibular articula-

tion, and back of the tibia.

-Muscles of the Back of the Leg.

Deep Layers.

f' , « II n
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The Flexor Longus Pollicis is situated on the fibular side of the leg, and is the

most superficial and largest of the three next muscles. It arises froni the lower

two-thirds of the internal surface of the shaft of the fibula, with the exception of

an inch at its lowest part ; from the lower part of the interosseous membrane ;
from

an intei'muscular septum between it and the Peronei, externally ; and from the

fascia covering the Tibialis posticus. The fibres pass obliquely downwards and

backwards, and terminate round 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, external to that for the Tibialis posticus and

Flexor longus digitorum ; it then passes through another groove on the posterior

extremity of the astragalus, and along a third groove, beneath the lesser process of

the OS calcis, into the sole of the foot, where it runs forwards between the two heads

of the Flexor brevis polhcis, 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 by tendinous fibres into distinct canals, lined by synovial

membrane ; and as the tendon crosses the sole of the foot, it is connected to the

common flexor by a tendinous slip.

lielations. By its superficial surface, with the Soleus and Tendo Achillis, from
which it is separated by the deep fascia. By its deep surface, with the fibula,

Tibialis posticus, the peroneal vessels, the lower part of the interosseous mem-
brane, and the ankle-joint. By its outer harder, with the Peronei. By its inner

harder, with the Tibialis posticus, and Plexor longus digitorum.

The Flexor Longus Digitorum (perforans) is situated on the tibial side of the

leg. At its origin, it is thin and pointed, but gradually increases in size as it

descends. It arises from the posterior surface of the shaft of the tibia imme-

diately below the oblique line, to within three inches of its extremity internal to

the tibial origin of the Tibialis posticus ; some fibres also arise from the inter-

muscular septum between it and the Tibialis posticus. The fibres terminate in a

tendon, which runs nearly the whole length of the posterior surface of the muscle.

This tendon passes, behind the malleolus, in a groove, common to it and the

Tibialis posticus, bat separated from the latter by a fibrous septum ; each tendon

being contained in a special sheath lined by a separate synovial membrane. It

then passes obliquely forwards and outwards beneath the arch of the os calcis,

into the sole of the foot (fig. 199), where, crossing beneath the tendon of the Flexor

longus pollicis, 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 middle of the first phalanges.

lielations. In the leg : by its superficial surface, with the Soleus, and the

posterior tibial vessels and nerve, from which it is separated by the deep fascia
;

by its deep surface, with the tibia and Tibialis posticus. In the foot, it is covered

by the Abductor pollicis and Flexor brevis digitorum, and crosses beneath the

Flexor longus pollicis.

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 tibial

vessels pass forwards to the front of the leg. It arises from the whole of the

posterior surface of the interosseous membrane, excepting its lowest part, from

the posterior surface of the shaft of the tibia, external to the Flexor longus

digitorum, between the commencement of the oblique line above, and the middle

of the external border of the bone below, and from the upper two-thirds of the

inner surface of the shaft of the fibula ; some fibres also arise from the deep fascia,

and from the intermuscular septa, separating it from the adjacent muscles on each

side. This muscle, in the lower fourth of the leg, passes in front of the Flexor

longus digitorum, terminates in a tendon, which passes through a groove behind

the inner malleolus, with the tendon of that muscle, but enclosed in a separate
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sheath ; it then passes through another sheath, over the internal lateral ligament

and beneath the calcaneo-scaphoid articulation, and is inserted into the tuberosity

of the scaphoid, and internal cuneiform bones. The tendon of this muscle contains

a sesamoid bone, near its insertion, and gives off fibrous expansions, one of which

passes backwards to the os calcis, others outwards to the middle and external

cuneiform, and some forwards to the bases of the third and fourth metatarsal bones

(fig. 200).

Bslations. By its siiperficial surface, with the Soleus, and Flexor longns

digitorum, the posterior tibial vessels and nerve, and the peroneal vessels, from

which it is separated by the deep fascia. By its deep surfaoe, 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. 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, antagonising the Peroneus longus, which

turns it outwards. The Flexor longus digitorum and Flexor longus pollicis are

the direct Flexors of the phalanges, and, continuing their 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 extensor, the toes would be drawn inwards,

were it not for the Flexor accessorius muscle, which is inserted into the outer side

of that tendon, and draws it to the middle line of the foot during its action.

Taking their fixed point from the foot, these muscles serve to maintain the upright

posture, by steadying the tibia and fibula, perpendicularly, upon the ankle-joint.

They also serve to raise these bones from the oblique position they assume in the

stooping posture.

Fibular Region.

Peroneus Longus. Peroneus Brevis.

Dissection. These muscles are readily exposed, by removing the fascia covering their

surface, from below upwards, in the line of direction of their fibres.

The Peroneus Longus is situated at the upper part of the outer side of the

leg, and is the more superficial of the two muscles. It arises from the head, and

upper two-thirds of the outer surface of the shaft of the fibula, from the deep

surfaoe of the fascia, and from the intermuscular septa, between it and the muscles

on the front, and those on the back of tlie leg. 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 in-

vested 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 surface of that bone, which is converted into a canal by
the long calcaneo-cuboid ligament, and is lined by a synovial membrane : the

tendon then 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. The tendon changes

its direction at two points : first, behind the external 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 bone is usually developed in its

substance.

Relations. By its superficial surface, with the fascia and integument ; by its

deep surface, with the fibula, 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 ; by its posterior horder, witli an inter-
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muscular septum, whicli separates it from tlie Soleus above, and the Flexor longus

pollicis below.

The Peroneus Brevis lies beneath the Peroneus longus and is shorter and smaller

than it. It arises from the middle third of the external surface of the shaft of the

fibula, internal to the Peroneus longus ; from the anterior and posterior borders of

the bone; 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, and is finally inserted into the dorsal surface of the base of the

metatarsal bono of the little toe, on its outer side.

Relatwns. By its siqjerficial surface, with the Peroneus longus and the fascia

of the leg and foot. By its deep surface, with the fibula and outer side of the

OS calcis.

Nerves. The Peroneus longus and brevis are supplied by the mnsculo-cutaneous

branch of the external popliteal nerve.

Actio7is. The Peroneus longus and brevis extend the foot upon the leg, in con-

junction 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 main-

tains the perpendicular direction of the limb.

Surgical Anatomy. The student sbould now considei- the position of the tendons of the

varioiis muscles of the leg, their relation with the ankle-joint and surrounding blood-vessels,

and especially their action upon the foot, as theii- rifriditj' and contraction give rise to one or

other of the kinds of deformity known as dub-foot. The most simple and common defornvity,

and one that is rarely, if ever, congenital, is the talipes equinus, the heel being raised by
rigidity and contraction of the Gastrocnemius muscle, and the patient wallring upon the ball

of the foot. In the talipes varus, which is the more common congenital form, the boel is

raised by the Tendo AohilHs, the inner border of the foot drawn upwards by the Tibialis

anticus, and the anterior two-thirds of the foot twisted inwards by the Tibialis posticus and
Flexor longus digitorum, the patient walking upon the outer edge of the foot, and in severe

cases upon the dorsum and outer ankle. In the talipes valgus, the outer edge of the foot is

raised by the Peronei muscles, and the patient walks on the inner ankle. In the talipes calcaneus

the toes are raised by the Extensor muscles, the heel is depressed, and the patient walks upon
it. Other varieties of deformit}' are met with, as the talipes equino-varus, equino-vali/us, and
calcaneo-valgus, whose names suflBciently indicate their nature. Each of these deformities

may be successfully relieved (after other remedies fail) by division of the opposing tendons
and fascia: by this means, the foot regains its proper position, and the tendons heal by the
organization of lymph thrown out between the divided ends. The operation is easily per-

formed by putting the contracted tendon upon the stretch, and di\idiug it by means of a

narrow sharp-pointed knife inserted between it and the skin.

Muscles and Fasci* op the Foot.

The fibrous bands which bind down the tendons in front of and behind the ankle in their

passage to the foot, should now be examined ; they are termed the cmnular ligaments, and are

three in number, anterior, internal, and external.

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 connection

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,
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internally to the tibia, and above is continuous with the fascia of the leg ; it contains

two separate sheaths, one 'internally, for the tendon of the Tibialis antious, one

externally, for the tendons of the Extensor longus digitornm and Peroneus tertius
;

the tendon of the Extensor proprius pollicis, and the anterior tibial vessels and
nerve pass beneath it, but without any distinct sheath. The horizontal portion is

attached externally to the upper surface of the os calcis, in front of the depression

for the interosseous ligament, and internally to the inner malleolus and plantar

fascia : it contains three sheaths ; the most internal for the tendon of the Tibialis

anticus, the next in order for the tendon of the Extensor proprius pollicis, and the

most external for the Extensor longus digitoram and Peroneus tertius : the

anterior tibial vessels and nerve lie altogether beneath it. These sheaths are lined

by separate synovial membranes.

The luturnal 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 bony grooves in this situation into osseo-fibroas canals, for the passage of

the tendons of the Plexor muscles and vessels into the sole of the foot. It is con-

tinuous above with the deep fascia of the leg, below with the plantar fascia and the

fibres of origin of the Abductor pollicis muscle. The three canals which it forms,

transmit from within outwards, first, the tendon of the Tibialis posticus ; second,

the tendon of the Elesor longus digitorum, then 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 Plexor longus pollicis. Each
of these canals is lined by a separate synovial membrane.

The External Annular Ligament extends from the extremity of the outer malleo-

lus to the outer surface of the os calcis : it binds down the tendons of the Peronei

muscles in their passage beneath the outer angle. The two tendons are enclosed

in one synovial sac.

Dissection of the Sole of the Foot. The foot should he placed on a high Hock with the sole

uppermost, and firmly secured in that position. Carry an incision romid 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 laj-er of granular fi.it heneath, tmtil the fascia is visible ; the

skin and fat should then he removed from the fascia in a direction from behind forwards, as

seen in fig. 193.

The Plantar Fascia, the densest of all the fibrous membranes, is of great strength,

.arid consists of dense pearly-white glistening fibres^ disposed, for the most part,

longitudinally : it is divided into a central and two lateral portions.

The central portion, the thickest, is narrow behind and attached to the inner

tubercle of the os calcis, behind the origin of the Flexor brevis digitorum, and

becoming broader and thinner in front, divides opposite the middle of the meta-

tarsal bones into five processes, one for each of the toes. Each of these processes

divides opposite the metatarso-phalangeal articulation into two slips, which emhrace

tlie sides of the flexor tendons of the toes, and are inserted into the sides of the

metatarsal bones, and into 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 ves.sels

and nerves, and the tendons of the Lumbricales muscles, to become stiperficial.

At the point of division of the fascia into processes and slips, numerous trans-

verse fibres are superadded, which serve to increase the strength of the fascia at

this part, by binding the processes together, and connecting them with the inte-

gument. 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 mu.sclesin 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.
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The outer portion covers the under surface of the Abductor minimi digiti ; it is

thick behind, thin in front, and extends from the os calcis forwards to the base of

the fifth metatarsal bone, into the outer side of which it is attached ; it is con-

tinuous internally with the middle portion of the plantar fascia, and externally

with the dorsal fascia.

The inner portion is very thin, and covers the Abductor pollicis muscle ; it is

attached behind to the internal annular ligament, and is continuous around the side

of the foot with the dorsal fascia, and externaUy with the middle portion of the

plantar fascia.

Muscles of the Foot.

These are found in two I'egions : i. On the dorsum; 2. On the plantar

surface.

1. Dorsal Region.

Extensor Brevis Digitorum.

The Fascia on the dorsuiu of the foot is a thin membranous layer, continuous

above with the anterior margin of the annular ligament ; it becomes gradually lost

opposite the heads of the metatarsal bones, and on each side blends with the lateral

portions of the plantar fascia ; it forms a sheath for the tendons placed on the

dorsum of the foot. On the removal of this fascia, the muscles and tendons of the

dorsal region of the foot are exposed.

The Uxtensor Brevis Digitorimn (fig. 195) is a broad thin mnscle, which arises

from the outer side 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 obliquely across the dorsum of the foot,

and terminates in four tendons. The innermost, which is the largest, is inserted into

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.

Relations. By its superficial surface, with the fascia of the foot, the tendons of

the Extensor longus digitorum and Extensor proprias pollicis. By its deep surface,

with the tarsal and metatarsal hones, 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 jjhalanges 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 together, the

toes are evenly extended.

2. Plantar Region.

The muscles in the plantar region of the foot may be divided into three groups,

i]i a similar manner to those in the hand. Those of the inteimal plantar region

are connected with the great toe, and correspond with those of the thumb ; those

of the external plantar region, are connected with the little toe, and correspond

with those of the little finger ; and those of the middle plantar region are con-

nected 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.

First Layer.

Abductor Pollicis. Flexor Brevis Digitorum.

Abductor Minimi Digiti.

Dissection. Remove the fascia on the inner and outer sides of the foot, commenciiifr in

front over the tendons, and proceeding backwards. The central portion should be divided

transversely in the middle of the foot, and the two flaps dissected forwards and backwards.

The Abductor Pollicis lies along the inner border of the foot. It arises from

the inner tubercle on the under surface of the os calcis ; from the internal annular

ligament ; from the plantar fascia ; and from the intermuscular septum between

it and the Flexor brevis digitorum. The fibres terminate in a tendon, which is
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-Muscles of the Sole of the Foot.

First Layer.

inserted, together with the innermost tendon of the Flexor brevis pollicis, into the

inner side of the base of the first phalanx of the great toe. It is supplied by the

internal plantar nerve.

Relations. By its superficial surface, with the plantar fascia. By its deep

surfacb, with the Flexor brevis polli-

cis, the Flexor accessorins, and the

tendons of the Flexor longns digitornm

and Flexor longas pollicis, the Tibialis

anticus and posticus, the plantar vessels

and nerves, and the articulations of the

tarsus.

The Flexor Brevis Digitorum {per-

forahis) lies in the middle of the sole

of the foot, immediately beneath'^ the

plantar fascia, with which it is firmly

united. It arises by a narrow tendi-

nous process, from the inner tubercle

of the OS calcis, from the central part

of the plantar fascia ; and from the in-

termuscular septa between it and the

adjacent muscles. It passes forwards,

and divides into four tendons. Oppo-

site the middle of the first phalanges,

each tendon presents a longitudinal

slit, to allow of the passage of the cor-

responding tendon of the Flexor longus

digitorum ; the two portions form a

gi'oove for the reception of that tendon.

The tendon of the short flexor then re-

unites and immediately divides a second

time into two processes, which are

inserted into the sides of the second

phalanges. The mode of division of the

tendons of the Flexor brevis digitornm,

and their insertion into the phalanges,

is analogous to the Flexor sublimis in

the band. It is supplied by the internal

plantar nerve.

Relations. By its superficial surface

with the plantar fascia. By its deep

swrfaca, with the Flexor accessorins,

the Lutnbricales, the tendons of the

Flexor longus digitornm, and the ex-

ternal plantar vessels and nerve, from

which it is separated by a thin layer of

fascia. The outer and inrier borders are

separated from the adjacent nmsoles by

means of vertical prolongations of the plantar fascia.

The Ahductor Minimi Digiii lies along- the outer border of the foot, It arises,

by a very broad origin, frojn the outer tubercle 'of the os calcis, from the under

surface of the OS calcis in front of the tubercle, from the plantar fascia, and the

intermuscular septum between it and 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 ou.ter

side of the base of the fir.st phalanx of the little toe. It is supplied by the

external plantar nerve.

* lu the erect positiou, this would, of coui'se, he ahove.
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lielations. By its swpeijicial surface, with tlie plautar fascia. By its cZee^j surface,

with the Flexor accessorius, the Flexor brevis minimi digiti, the long plantar

ligameut, and the tendon of the Peronens longus. On its inner 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 muscles of the superficial layer should be divided at their origin, by
iiisei'tiiig- the Imif'e beneath each, and cutting obliquely backwards, so as to detach them

from the bone ; they should then be drawn

199.- -Muscles of the Sole of the Foot.

Second Layer.

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 deep plantar fascia, on the

removal of which is seen the tendon of the

Flexor longus digitorum, the Flexor acces-

sorius, the tendon of the Flexor longus pol-

licis, and the Lumbricales. The long flexor

tendons cross each other at an acute angle,

the Flexor longus pollicis 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.

Second Layer.

Flexor Accessorius.

Lumbricales.

The Flexor Accessm-ius 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 calcaneo-scaphoid ligament ; the

outer head, flat and tendinous, to 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 in-

serted into the outer margin and upper

and under surfaces of the tendon of

the Flexor longus digitorum, forming

a kind of gi-oove, in which the tendon

is lodged. It is supplied by the ex-

ternal plantar nerve.

Belations. By its superficial sur-

face, with the muscles of the super-

ficial layer, from which it is separated

by the external plantar vessels and

nerves. By its deej3 surface, with

the OS calcis and long calcaneo-cuboid

ligament.

The Lumhricales are four small

muscles, accessory to the tendons of the

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

one. Each muscle terminates in a tendon, which passes forwards on the inner side

of each of the lesser toes, and is inserted into the expansion of the long extensor

and base of the first phalanx of the corresponding toe. The two internal

Lumbricales muscles are supplied by the internal, and the two external by the

external plantar nerve.

nissectimi. The flexor tendons should be divided at the back part of the foot, and the

Flexor accessorius at its origm, and drawn forwards, in order to expose the thu'd layer.
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Piexor Brevis Pollicis.

Adductor Pollicis.

Third Layer.

Flexor Brevis Minimi Digiti.

Transversiis Pedis.

The Flexor Brevis Pollicis arises, by a pointed tendinous process, from the

inner border of the cuboid bone, from the contiguous portion of the external

cuneiform, and from the j)rolongation of the tendon of the Tibialis posticus, which

is attached to that bone. The muscle

-Muscles of the Sole of the Foot.

Third Layer.

divides, in front, into two portions,

which are inserted into the inner 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. The inner portion of this

muscle is blended with the Abductor

pollicis previous to its insertion, the

outer with the Adductor pollicis, and

the tendon of the Fle-xor longus pollicis

lies in a groove between them.

Relations. By its superficial surface,

with the Abductor pollicis, the ten-

don of the Flexor longus pollicis and

plantar fascia. By its deep surface,

with the tendon of the Peroneus

longus, and metatarsal bone of the

great toe. By its inner harder, Avith

the Abductor pollicis. By its outer

harder, with the Adductor Pollicis.

The Adductor Pollicis is a large,

thick, fleshy mass, passing obliquely

across the foot, and occupying the hol-

low space between the four outer meta-

tarsal 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 witli

the outer portion of the Flexor brevis

pollicis, into the outer side of the base

of the first phalanx of the great toe.

The Flexor Brevis Minimi Pigitl lies

on the metatarsal bone of the little

toe, and much resembles one of the

Interossei. It arises from the base of

the metatarsal bone of the little toe,

and from the sheath of the Peroneus

longus ; its tendon is inserted into the

base of the first phalanx of the little

toe on its outer side.

Relations. By its superficial surface, with the plantar fascia and tendon of the

Abductor minimi digiti. By its deep surface, with the fifth metatarsal bone.

The Tmnsversus Pedis is a narrow, flat, muscular fasciculus, stretched trans-

versely across the heads of the metatarsal bones, between them and the flexor

tendons. It arises from the under surface of the head of the fifth metatarsal bone,

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 pollicis.
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-The Dorsal Interossei.

Left Foot.

202.—The Plautar Interossei.

Left Foot.

Nervous Supply. The Plexor brevis pollicis

ia supplied by the internal plantar nerve, and

sometimes (according to Meckel) receives a

branch from the external plantar. The other

three muscles of this layer are supplied by the

external plantar nerve.

Relations. By its imder surface, with the

tendons of the long and short Flexors and

Lumbricales. By its upper 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 of the middle line of the

whole member, as in the hand. They are

seven in number, and consist of two groups,

dorsal and plantar.

The Dorsal Interossei, four in number, are

situated between the metatarsal bones. They
are bipenniform muscles, arising by two heads

from the adjacent sides of the metatarsal bones

between which they are p)laced ; their tendons

are inserted into the bases of the first pha-

langes, and into the aponeurosis ofthe 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 of the foot ; except in the first Inter-

osseous muscle, where the interval allows the

passage of the communicating branch of the

dorsalis pedis artery. The first Dorsal inter-

osseous muscle is inserted into the inner side of

the second toe ; the other three ai-e inserted

into the outer sides of the second, third, and

fourth toes. They are all abductors from the

middle line of the second toe.

The Plantar Interossei, three in number, lie

beneath, rather than between, the metatarsal

bones. They are single muscles, and are each

connected with but one metatarsal bone. They
arise from the base and inner sides of the shaft

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 of the common ex-

tensor tendon. These muscles are all adductors

towards the middle line of the second toe.

All the Interossei muscles are supplied by

the external plantar nerve.

SURGICAL ANATOMY.

The student should now consider the effects produced hy the action of the various mus-

cles in fractures of the bones of the lower extremity. The more common forms of fracture

are selected for illustration and description.

Y 2
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Fracture of the neck of 203.-

the femur internal to the

capsular liffanient (tig. 203),

is a very common accident,

and is most frequently

caused by indirect violence,

such as slipping off the edge

of the kerbstone, the im-

petus and weight of the

body falling upon the neck

of the bone. It usually

occurs in females, and sel-

dom under fifty years of

age. At this period of life,

the cancellous tissue of the

neck of the bone not un-

frequently is atrophied, be-

coming soft and infiltrated

with fatty matter ; the com-
pact tissue is partially ab-

sorbed : hence ' the bone

is more brittle, and more
liable to fracture. The cha-

racteristic marlis of this ac-

cident are slight shortening

of the limb, and eversion of

the foot, neither of which
symptoms occur, however,
in some cases until some
time after the injury. The
eversion is caused by the combined action of the external

rotator muscles, as well as by the Psoas and Iliaous, Pec-
tineus, Adductors, and Glutei muscles. The shortening is

produced by the action of the Glutei, and by the Rectus
femoris in front, and the Biceps, Semitendinosus, and Semi-
membranosus behind.

Fracture of the femurjust below the trochanters (fig. 204)
is an accident of not unfrequent occm'rence, and is at-

tended with great displacement, producing considerable

deformity. The upper firagment, the portion chiefly dis-

placed, is tilted forwards almost at right 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 Glutei muscles, causing a marked
prominence at the upper and outer side of the thigh, and
much pain from the bruising and laceration of the muscles.

The limb is shortened, in consequence of the lower frag-

ment being drawn upwards by the Rectus in front, and
the Biceps, Semimembranosus, and Semitendinosus behind

;

and, at the same time, everted, and the upper end thrown
outwards, the lower inwards, by the Pectineus and Ad-
ductor muscles. This fracture may be reduced in two
different methods : either by direct relaxation of all the

opposing muscles, to effect which the limb should be placed

on a double inclined plane ; or by overcoming the contrac-

tion of the muscles, by continued extension, which may be

effected by means of the long splint.

Oblique fracture of the femm' immediately above the con-

dyles (fig. 205) 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 backwards by the Gastrocnemius, Soleus, and
Plautaris muscles ; and upwards by the posterior femoral

and Rectus muscles. The pointed end of the tipper frag-

ment is drawn inwards by the Pectineus and Adductor
muscles, and tilted forwards by the Psoas and Iliacus,

piercing' the Rectus muscle, and occasionally, the integu-

ment. Relaxation of these muscles and direct approxi-

mation of the broken fragments are effected by placing

the limb on a double inclined plane. The greatest care

Fracture of the Neck of the Femur within the

Capsular Ligament.

204.—Fracture of the Femur
below the Trochanters.
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is requisite in keeping the pointed extremity of the upper fraginent in proper position;

otherwise, after union of the fracture, the power of extension of the limb is partially

destroyed, from the Rectus muscle being held down by the fractured end of the bone, and
from the patella, when elevated, being drawn upwards against the projecting fragment.

205.—Fracture of the Femur above the Condyles. 206.—Fracture of the Patella.

207.- -Oblique Fracture of the Shaft
of the Tibia.

Fracture, of tbe jmtella (fig. 206) may be produced by muscular action, or by direct

violence. When produced by muscidar actiou, it occurs thus : a person in danger of falling

forwards, attempts to recover himself by throwing the body backwards, and the violent

action of the Quadriceps exteusor upon the pa-

tella snaps that bone transversel}' across. The
upper fragment is drawn up the thigh by the
Quadriceps extensor, the lower fragment being
retained in its position by the ligamentum
patellae ; the extent of separation of the two
fragments depending upon the degree of lacera-

tion of the ligamentous structures around the

bone. The patient is totally unable to straighten

the limb ; the prominence of the patella is lost

;

and a marked but varying interval can be felt

between the fragments. The tTeatment consists

in relaxing the opposing muscles, which may be
effected by raising the trunk, and slightly ele-

vating the limb, which should be kept in a

straight position. Union is usually ligamentous.

In fracture from direct violence, the bone is

generally comminuted, or fractured obliquely or

perpendicularly.

Oblique fracture of the shaft of the tibia

(fig. 207) usually occurs at the lower foui'th of

the bone, this being the narrowest and weakest
part, and is usually accompanied with fracture

of the fibula. If the fracture has taken place

obliquely from above, downwards, and forwards,

the fragments ride 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 pro-

jects forwards immediately beneath the integu-

ment, often protruding through it, and rendering

the fracture a compound one. If the direction

of the fractiu'e 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
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extension from the knee and ankle, the fragments may he hrought into apposition. It ia

often necessary, however, in compound fracture, to remove a portion of the projecting hone

with the saw before complete adaptation can he effected.

Fracture of the fibula tmth displcice-
- -

~
' 208.-ment of the tibia (fig. 208), commonly

known as ' Pott's Fracture,' is one of

the most frequent injuries of the ankle-

joint. The end of the tihia is displaced

from the corresponding surface of the

astragalus ; the internal lateral ligament

is ruptm-ed; and the inner malleolus

projects inwards heneath the integu-

ment, which is tightly stretched over

it, and in danger of bursting. The
flhula is broken, usually from two to

three inches above the ankle, and occa-

sionally that portion of the tibia with

which it is more directly connected be-

low ; the foot is everted by the action

of the Peroneus longus, its inner border

resting upon the ground, and, at the

same time, the heel is drawn up by
the muscles of the calf. This injury

may be at once reduced b}' flexing the

leg at right angles with the thigh,

which relaxes aU the opposing muscles,

and by making shght extension from
the knee and ankle.

-Fracture of the Fibula, with Displacement

of the Tibia.— ' Pott's Fracture.'

,0n the Descriptive Anatomy of the Muscles, refer to Oruveilhier's ' Anatomie Descrip-

tive ;' 'Traittj de Myologie et d'Angeiologie,' by F. G. Theile, Encyclopedic Anatomique,
Paris, 1843 ; and Henle's ' Handbuch der Systematischen Anatomie,' before referred to.



Of the Arteries,

THE Ai'teries ai'e cylindrical tabular vessels, whieli serve to convey blood from

both ventricles of the heart to every part of the body. These vessels were

named arteries (a'/p, air; Tiipeii', to contain), from the belief entertained by the

ancients that they contained air. To Galen is due the honour of refuting this

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, convej'S arterial

blood to the body generally ; whence it is brought back to the right side of

the heart by means of the veins. This constitutes the greater or systemic

circulation.

The distribution ofthe systemic arteries is like a highly ramified tree, the common
trunk of 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 oi-gans. The arteries are found in nearly every part of the body, with

the esception 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 siibdivides 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 suc-

cession, 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 and internal.

The branches of arteries arise at very variable angles ; some, as the snperior

intercostal arteries from the aorta, arise at 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 com-

bined 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.

The arteries, in their distribution, communicate freely with one another, forming

what is called an anastomosis (ava, hetween ; arofia, moutJl), or inosculation ; and

this communication is very free between the large as well as between the smaller

branches. The anastomoses between trunks of equal size is found 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 their larger branches.

In the limbs, the anastomoses are most frequent and of largest size around the

joints ; the branches of an artery above freely inosculating witli branches from
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the vessels below ; these anastomoses are of considerable interest to tbe surgeon,

as it is by tbeir enlargement that a collateral circulation is established after the

application of a ligature to an artery for the cure of aneurism. The smaller branches

of arteries anastomose more frequently 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

straight course ; 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 their 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 by friction.

The arteries are dense in structure, of considerable strength, highly elastic, and,

when divided, they preserve, although empty, their cylindrical form.

The minute structure of these vessels is described in the Introduction.

In the description of the arteries, we shall first consider the efferent trunk of the

systemic circulation, the aorta, and its branches ; and then the efferent trunk of the

pulmonic circulation, the pulmonary artery.

The Aorta.

The aorta (aopn;, arteria magna) is the main trunk of a series of vessels,

which, arising from the heart, convey the red oxygenated blood to every part of

the body for its nutrition. This vessel commences at the upper part of the left

ventricle, and after ascending for a short distance, arches backwards to the left

side, over the root of the left lung, descends within the thorax on the left side of

the vertebral column, passes through the aortic opening in the Diaphragm, and
entering the abdominal cavity, terminates, considerably diminished in size, oppo-

site the fourth lumbar -vertebra, where it divides into the right and left common
iliac arteries. Hence its subdivision into the arch of the aorta, the thoracic aorta,

and the abdominal aorta * from the direction or position of its parts.

Aech of the Aoeta.

Dissection. In order to examine the arch of the aorta, open the thorax, hy dividing the

cartilages of the ribs on each side of the sternum, raising this bone from below upwards, and
then sawing through the sternum on a level with its articulation with the clavicle. By this

means, the relations of the large vessels to the upper border of the sternum and root of the

neck are kept in view.

The arch of the aorta extends from the origin of the vessel at the upper part

of the left ventricle to the lower border of the body of the fourth dorsal vertebra.

At its commencement, it ascends behind the sternum, obliquely upwards and

forwards towards the right side, and opposite the upper border of the second

costal cartilage of the right side, passes transversely from right to left, and from

before backwards, to 'the left side of the third dorsal vertebra ; it then descends

upon the left side of the body of the fourth dorsal vertebra, at the lower border of

which it takes the name of thoracic aorta. The arch of the aorta describes a

curve, the convexity of which is directed upwards and to tlie right side ; and it is

subdivided, at the points where it changes its direction, so as to be described in

three portions, the ascending, transverse, and descending portions of the arch of

the aorta.

* These portions of the aorta would be better named transverse aorta, dorsal aorta, and
abdominal or lumbar aorta; but I hesitate to introduce new names in place of those in uni-

versal use.
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Ascending Part of the Arch.

The ascending portion of the arch of the aorta is about two inches in length.

It commences at the npper part of the left ventricle, in front of the left auriculo-

ventricular orifice, and opposite the middle of the sternum on a line with its

junction to the third costal cartilage ; it passes obliquely upwards in the direction

of the heart's axis, to the right side, as high as the upper border of the second

costal cartilage, describing a slight curve in its course, and being situated, when
distended, about a quarter of an inch behind the posterior surface of the sternum.

209.—The Arch of the Aorta and its Branches.
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A little above its commencement, it is somewhat enlarged, and presents three small

dilatations, called the sinuses 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 cavity of the ventricle. A section of the aorta

opposite this part has a somewhat triangular figure
; but below the attachment of

the valves it is circular. This portion of the heart 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 surface of the heart.
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Belations. The ascending part of the arch is covered at its commencement by
the trunk of the pulmonary artery and the right appendix auriculas, and, higher

up, is separated from the sternum by the pericardium, some loose areolar tissue,

and the remains of the thymus gland ; hehind, it rests upon the right pulmonary
vessels and root of the right lung. On the right side, it is in relation with the

superior vena cava and right auricle ; on the left side, Vfith the pulmonary artery.

Plan of the Relations of the Ascending Part of the Arch.
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Pulmonary arterj'.

Right appendix auriculte.
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Right pulmonary vessels.

Root of right lung.

Transverse Part of the Akch.

The second or transverse portion of the arch commences at the upper border of

the. second chondro-sternal articulation of the right side in front, and passes from
right to left, and from before backv^ards, to the left side of the third 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 left pleura and lung, and
crossed towards the left side by the left pneumogastric and phrenic nerves, and
cardiac branches of the sympathetic. Its posterior surface lies on the trachea, just

above its bifurcation, on the gTeat, or deep, cardiac plexus, the oesophagus, thoracic

duct, and left recurrent laryngeal nerve. Its upper border is in relation with

* As regards the portion of the dorsal spine with which the transverse part of the arch of

the aorta is in contact I am indebted to Mr. Bennett, late Demonstrator of Anatomy at

St. George's Hospital, for the following observation :

—

' In twelve subjects examined successively in the post-mortem room of the Hospital, in

whom the vessels were healthy, the following was the result as regards the highest point on
the vertebral column touched by the arch of the aorta. In nine it was opposite some part

of the thii-d dorsal vertebra : in one opposite the disc between the third and fourth, in one
opposite the disc between the second and third, and in one opposite the second dorsal

vertebra.'

Mr. J. Wood gives the following account of the relations and extent of the arch of the

aorta, as the result of his observations on thirt3'-two subjects, fourteen male and eighteen

female, in whom an antero-posterior vertical section of the spinal column from top to

bottom had been made, with the viscera in situ.

The cardiac opening^ of the aorta lies in a horizontal plane drawn through the centre of

the third bone of the sternum, passing midway between the third and fourth rib-cartilages,

and emerging behind about the tip of the sixth dorsal spinous process. The highest point

of the aortic arch lies from three-qviarters of an inch to an inch from the posterior surface

of the second bone of the sternum, close to its right border, and to the inner side of the

joint between the second right rib-cartilage and the sternum. It approaches the lower border

of the left side of the fourth dorsal vertebra, and first touches the spine usually about the

intervertebral substance between the fourth and fifth vertebrae. It then assumes a more
vertical direction, and lies against the left side of the body of the fifth dorsal vertebra,

which is, in fact, the uppermost vertebra which shows on its body the impression or flat-

tening produced by contact with the aorta (Joiirn. of Anat. and Phys. vol. iii.)

This anatomist accordingly puts the lower two portions of the arch one vertebra lower
than the account in the text, and he supports his observations by those of Pirogoff'.
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tlie left innominate vein ; and from its upper part are given off the innominate, left

common carotid, and left subclavian arteries. Its lower harder is in relation with

the bifurcation of the pulmonary artery, and the remains of the ductus arteriosus,

which is connected with the left division of that vessel ; the left recurrent

laryngeal nerve winds round it from before backwards, whilst the left bronchus

passes below it.

Plan of the Relations of the Transverse Part op the Arch.
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Descending Part of the Arch.

The descending jjortion of the arch has a straight direction, inclining downwards
on the left side of the body of the fourth dorsal vertebra, at the lower border of

which it takes the name of thoracic aorta.

Relations. Its anterior surface is covered by the pleura and root of the left

lung ; behind, it lies on the left side of the body of the fourth dorsal vertebra. On
its right side are the oesophagus and thoracic duct ; on its left side it is covered by
the pleura.

Plan of the Relations of the Descending Part of the Aech.
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The ascending, transverse, and descending portions of the arch vary in position

according to the movements of respiration, being lowered, together with the

trachea, bronchi, and pulmonary vessels, during inspiration by the descent of the

Diaphragm, and elevated during expiration, when the Diaphragm ascends. These

movements are greater in the ascending than the transverse, and in the latter

than the descending part.

Peculiarities. The height to which the aorta rises in the chest is visually about an inch

below the upper border of the sternum ; but it may ascend nearly to the top of that bone.

Occasionally, it is found an inch and a half, more rarely three inches below this point.

In Direction. Sometimes the aorta arches over the root of the right instead of the left

lung, as in buds, and passes down on the right-side of the spine. In such cases all the
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viscera of the thoracic aud abdominal cavities are transposed. Less frequently, the aorta,

after arching over the root of the right lung, is du-ected to its usual position on the left side

of the spine, this peculiarity not being accompanied by any transposition of the viscera.

In Conformation. The aorta occasionally divides, as in some quadrupeds, into an ascending
and a descending trunk, the former of which is directed vertically upwards, and subdivides
into three branches, to supply the head and upper extremities. Sometimes the aorta sub-
divides soon after its origin into two branches, which soon reunite. In one of these cases,

the oesophagus and trachea were found to pass through the interval left by their division

;

this is the normal condition of the vessel in the reptilia.

Surgical Anatomy. Of all the vessels of the arterial system, the aorta, and more especially

its arch, is most frequently the seat of disease ; hence it is important to consider some of the

consequences that may eusue from aneurism of this part.

It will be remembered, that the ascending part of the arch is contained in the pericardium,

just behind the sternum, being crossed at its commencement by the pulmonary artery and
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 right coronary sinus ; this is mainly owing to the fact that the

regurgitation of blood upon the sinuses takes place chiefly on the right anterior aspect of

the vessel. As the aneurismal sac enlarges, it may compress any or all of the structures in

immediate proximity with it, but chiefly projects towards the right anterior side ; and,

consequently, interferes mainly with those structm-es 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 sac

is foimd full of blood : or it may compress the right auricle, or the pulmonary artery, and
adjoining part of the right ventricle, and open into one or the other of these parts, or may
press upon the superior cava.

Aneurism of the ascending aorta originating above the sinuses, most frequently impli-

cates 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 a pulsating

tumour on the front of the chest, just below the manubriimi ; or it may burst into the peri-,

cardium, or may compress, or open into the right lung, the trachea, bronchi, or oesophagus.

Regarding the transverse part of the arch, the student is reminded that the vessel lies

on the trachea, the oesophagus, and thoracic duct ; that the recurrent laryngeal nerve
winds around it ; and that from its upper part are given oft' three large trunks, which
supply the head, neck, and upper extremities. Now an aneurismal tumour taking origin

from the posterior part or right aspect of the vessel, its most usual site, may press upon
the trachea, impede the breathing, or produce cough, hjemoptysis, or stridulous breathing,

or it may ultimately bm-st into that tube, producing fatal hoBmorrhage. Again, its pressure

on the laryngeal nerves may give rise to symptoms which so accurately resemble those of

larvTigitis, 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 cesophagus, producing dysphagia ; or

may bvu-st into the oesophagus, when fatal haemorrhage will occur. Again, the innominate

artery, or the left carotid, or subclavian, may be so obstructed by clots, as to produce a

weakness, or even a disappearance, of the pulse in one or the other wrists ; 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 aneiuism of one of the arteries of the

neck.

Anem-ism affecting the descending part of the arch is usually directed backwards and to

the left side, causing absorption of the vertebrfe and corresponding ribs ; or it may press

upon the trachea, left bronchus, cesophagus, and the right aud left lungs, generally the

latter. When rupture of the sac occurs, it usually takes place into the left pleural cavity
;

less frequentty into the left bronchus, the right pleura, or into the substance of the lungs or

trachea. In this form of anem'ism, pain is aliaost a constant and characteristic symptom,
referred to either the baclj or chest, and usually radiating from the spine around the left

side. This symptom depends upon the aneurismal sac compressing the intercostal nerves

against the bone.

Beanches of the Aech of the Aoeta. (Figs. 209, 210.)

The branches given off from the arch of the aorta are five in unmber : two of

small size from the ascending portion, the right and left coronary, and three of large

size from the transverse portion, the innominate artery, the left common carotid,

and the left subclavian.

Peculiarities. Position of the Branches. The branches, instead of arising from the highest

part of the arch (then- usual position), may be moved more to the right, arising from the



THE CORONARY. 333

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 fi-equent change in this

respect being the approximation of the left carotid towards the innominate artery.

The Number of the primary branches may he reduced to two : the left carotid arising- from
the innominate artery ; or (more rarely), the carotid and subclavian arteries of the left side

arising- from a left innominate artery. But the number may be increased to fom-, 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 ofl" instead o t'

the first. 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.

Number usual, Arrangement different. When the aorta arches over to the right side, the

thi-ee branches have an arrangement the reverse of what is usual, the innominate supplying-

the left side, and the carotid and subclavian (which arises 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.

Secondary Branches sometimes arise from the arch ; most commonly such a secondary
branch is the left vertebral, which usually takes origin between the left carotid and left

subclavian, or beyond them. Sometimes, a thyroid branch is derived from the arch, or the
right internal mammary, or right vertebral, or, more rarely, both vertebrals.*

The Coeonaet Artekies.

The coronary arteries sa^jply the heart ; they are two in number, right and left,

arising near the commencement of the aorta immediately above the free margin of

the semilunar valves.

The Bight Goronarij Artertj, about the size of a crow's quill, arises from the

aorta immediately above the free margin of the right semilunar valve, between
the pulmonary artery and the right appendix auriculas. It passes forwards to

the right side, in the groove between the right auricle and ventricle, and curvino-

aronnd the right border of the heart, runs along its posterior surface as far as the

posterior interventricular groove, where it divides into two branches, one of which
continues onvrards in the groove between the left auricle and ventricle, and
anastomoses with the left coronary ; the other descends along the posterior inter-

ventricular furrow, supplying- branches to both ventricles and to the septum, and
anastomosing at the apex of the heart with the descending branch 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, smaller than the former, arises immediately above the free

edge of the left semilunar valve, a httle higher than the right ; it passes forwards

between the pulmonary artery and the left appendix anriculig, and descends

obliquely towards the anterior interventricular groove, where it divides into two
branches. Of these, one passes transversely outwards in the left anriculo-ventri-

cular groove, and winds around the left border of the heart to its posterior surface,

where it anastomoses with the superior 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 branch 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 commencement of the aorta.

Peculiarities. These vessels occasionally ai-ise by a common trunk, or their number may
be increased to three ; the additional branch being of small size. More rarely, there are

two additional branches.

Arteeia Innominata.

The innominate artery is the largest branch given off from the arch of the aorta.

It arises from the commencement of the transverse portion in front of the left

* The anomalies of the aorta and its branches are minutely described by Krause in Henle's
' Anatomy ' (Brunswick, 1868), vol. iii., p. 203 et seq.
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carotid, and, ascending obliquely to the upper border of the right sterno-clavicular

articulation, divides into the right common carotid and right subclavian arteries.

This vessel varies from an inch and a half to two inches in length.

Relatimis. 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, and
the left innominate and right inferior thyroid veins which cross its root. Behind,

it lies upon the trachea, which it crosses obliquely. On the right side, is the right

vena innominata, right pneumogastric nerve, and the pleura ; and on the left side,

the I'emaius of the thymus gland, and origin of the left carotid artery.

Plan of the Relations of the Innominate Artebt.
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Peculiarities in point 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 the 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 surgeon to remember in connection with the opera-

tion of tying this vessel.

Branches. The arteria innominata occasionally supplies a thyroid branch (middle thyroid

artery), which ascends along the front of the trachea to the thyroid gland ; and sometimes,

a thymic or bronchial branch. The left carotid is frequently joined with the innominate
artery at its origin. Sometimes, there is no innominate artery, the right subclavian arising

directly from the arch of the aorta.

Position. When the aorta arches over to the right side, the innominate is directed to the
left side of the neck instead of the right.

Collateral circulation.. Allan 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 impelled into the
aorta, passed freely by the anastomosing branches into the arteries of the right arm, fiUing

them and all the vessels of the head completely.' (Surgical Anatomy of the Head and Neck,

p. 62.) The branches by which this circidation would be carried on are very 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 inf7-a on the collateral circulation after obliteration of the

thoracic aorta), would bring the blood, by a free and direct course, into the right subclavian :

the numerous connections, also, between the lower intercostal arteries, and the branches
of the axUlary 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 anasto-

mosis 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 per-

formed by several sm-geons, for anem-ism of the right subclavian extending inwards as far as

the Scalenus, in only one instance has it been attended with success. * Mott's patient, how-
ever, 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.

* The operation was performed by Dr. Smyth of New Orleans. See the New Sydenham
Society's ' Biennial Retrospect,' for 1865-6, p. 346.
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In order to applj^^a ligatui'e to this vessel, the patient is to be placed upon his back, with
the shoulders raised, and the head bent a little backwards, so as to draw out the artery

from behind the sternum into the neck. An incision two 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 imder surface, so as to avoid any small

vessels, the muscle is to be divided transversely throughout the greater part of its attach-

ment. By pressing aside any loose cellular 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 carefully drawn either upwards or downwards, by means of a blunt hook. On no
account should these vessels be divided, as it would add much to the difficulty of the opera-

tion, and endanger its ultimate success. 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 vena innominata should now be depressed, the right

vena innominata, the internal jugular vein, and pneumogastric nerve drawn to the right side ;

and a curved aneurism needle may then be passed around the vessel, close to its smi'ace, and
in a direction from below upwards and inwards ; care being taken to avoid the right pleural

sac, the trachea, and cardiac nerves. The ligatiu'e should be applied to the artery as high as

possible, in order to allow room between it and the aorta for the formation of a coagulum.
The importance of avoiding the thyroid plexus of veins diu'ing the primary steps of the opera-

tion, and the pleural sac whilst including the vessel in the ligature, should be most carefully

borne in mind, since secondary haemorrhage or pleurisy has been the cause of death in all

the fatal cases hitherto recorded.

Common Carotid Arteries.

The common carotid arteries, although occupying a nearly similar position in

the neck, diifer in position, and, consequently, in their relations at their origin.

The right carotid arises from the arteria innominata, behind the right sterno-

clavicular articulation ; the left from the highest part of the arch of the aorta.

The left carotid is, consequently, longer and placed more deeply in the thorax. It

will, therefore, be more convenient to describe first the course and relations of

that portion of the left carotid which intervenes between the arch of the aorta and
the left sterno-clavicular articulation (see fig. 209).

The left carotid within the thorax ascends obliquely outwards from the arch of

the aorta to the root of the neck. In front it is separated from the first piece of

the sternum by tlie Sterno-hyoid and Sterno-thyroid muscles, the left innominate

vein, and the remains of the thymus gland ; hehhid, it lies on the trachea, oeso-

phagus, and thoracic duct. Internally, it is in relation with the arteria innomi-

nata ; externally, with the left pneumogastric nerve, and left subclavian artery.

Plan of the Relations of the Left Common Carotid.
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In the neck, the two common carotids resemble each other so closely, that one

description will apply to both. Each vessel passes obliquely upwards, from
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behind the sterno- clavicular articulation, to a level with the upper border of the

thyroid cartilage, where it divides into the external and internal carotid ; these

names being derived from the distribution of the arteries to the external parts of

the head and face, and to the internal parts of the cranium respectively. The
course of the common carotid is indicated 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.

21 1.—Surgical Anatomy of the Arteries of the Neck. Right Side.

212.
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EXTERNAL CAROTID'

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

npper 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 pneumo-

gastric nerve, the vein lying on the outer side of the artery, and the nerve between
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the artery aud vein, on a plane posterior to both. On opening the sheath, those

three structures are seen to be separated from one another, each being enclosed 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 superficial fascia, Platysma, and deep 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 ter-

mination, it is more superficial, being covered merely by the integument, the

superficial fascia, Platysma, deep fascia, and inner margin of the Steruo-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 the facial, lingual, and superior

thyroid veins, which terminate in the internal jugular, and descending on its

sheath in front, is seen the descendens noni nerve, this filament being joined by

one or two branches from the cervical nerves, which cross the vessel from without

inwards. Sometimes the descendens noni is contained within the sheath. The
middle thyroid vein crosses the artery about its middle, and the anterior jugular

vein below. Behind, the artery lies in front of the cervical portion of the spine,

x'esting first on the Longus colli muscle, then on the Rectus capitis anticus major,

from which it is separated by the sympathetic nerve. The recurrent laiyngeal

nerve and inferior thyroid artery cross behind the vessel at its lower part. Inter-

nally, it is in relation with the trachea and thyroid gland, the inferior thyroid

artery and recurrent laryngeal nerve being interposed : higher up, with the larynx

and pharynx. On its outer side are placed the internal jugular vein and pneumo-
gastric nerve.

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 arteiy.

Plan of the Relations of the Common Carotid Aeteet.

In Front.

Integument and fascia. Omo-hyoid.
Platysma. '

Descendens noni nerve.

Sterno-mastoid. Sterno-mastoid artery.

Sterno-hyoid. Superior thyroid, lingual, and facial veius.,

Sterno-thyroid.. Anterior jugidar vein.

Internally.

Trachea.

Thyroid gland.
Internal jugular vein. I c™"™ 1 P..ecurrent laryngeal nerve..

Pneumogastric nerve.
y j

Inferior thyroid artery.

LarjTix.

Pharynx.

Behind.

Longus colli. Sympathetic nerve.

Rectus capitis anticus major. Inferior thyroid artery..

Reciu'rent laryngeal nerve.

Peculiarities as to Origin. The ric/ht common carotid may arise above or helow its usual

point, the upper border of the sterno-clavicidar articulation. This variation occurs in one
out of about eight cases and a half, and the origin is more fi'equently above than helow
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 frequeutty in its

I origin than the right. In the majority of abnormal cases it arises with the innominate
i artery, or if the innominate artery is absent, the two carotids arise usually by a single trunk.
' The left carotid has a tendency towards the right side of the arch of the aorta, being occasion-

I ally the first branch given off from the transverse portion. It rarely joins with the left

I subclavian, except in cases of transposition of the arch.

Z
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Peculiafities as to Point of Division. The most important peculiarities of tliis Tessel, 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 usual, the artery dividing into two branches

opposite the hyoid hone, or even higher ; more rarety, 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 beiag wanting ; and in two 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 one subject, on one side in

the other.

Occasional Branches. The common carotid usually gives off no branches ; but it occasionally

gives origin to the superior thyroid, or a laryngeal branch, the inferior thyroid, or, more
rarely, the vertebral artery.

Surgical Anatomy. The operation of tying the common carotid artery may be necessary

in a wound of that vessel or its branches, in an aneurism, or in a case of pulsating tumour
of the orbit or skull. If the wound involves the trunk of the common carotid, it will be

necessary to tie the artery above and below the wounded part. But in cases of aneurism,

or where one of the branches of the common carotid is wounded in an inaccessible situa-

tion, it may be judged necessary to tie the trunk. In such cases, the 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 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, lingual, and facial

veins would give rise to very considerable difficulty in the application of a ligature. The
point most favourable for the operation is opposite the lower part of the larynx, and here

a ligatm'e may be applied on the vessel, either above or below the point where it is crossed

by the Omo-hyoid muscle. In the former situation the artery is most accessible, and it

may be tied there in cases of wounds, or aneurism of any of the large branches of the

carotid ; wliilst in cases of aneurism of the upper part of the carotid, that part of the

vessel may be selected which is below the Omo-hj'oid. It occasionally happens that the

carotid artery bifurcates below its usual position : if the artery be exposed at its point of

bifurcation, both divisions of the vessel should be tied near their origin, in preference to

tying the trunk of the artery near its termination ; and if, in consequence of the 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 ndth 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.

To tie the Cotnmon Carotid, above the Omo-hymd. The patient should be placed on his

back with the head thrown back : an incision is to be made, three inches long, in the

direction of the anterior border of the Sterno-mastoid, from a little below the angle of

the jaw to a level with the cricoid cartilage : after dividing the integument, superficial

fascia, and Platj^sma, the deep fascia must be cut through on a director, so as to avoid

wounding numerous small veins that are usually found beneath. The head may now be

brought forwards so as to relax the parts somewhat, and the margins of the wound held

asunder by copper spatulse. The descendens noni nerve is now exposed, and must be

avoided, and the sheath of the vessel having been raised by forceps, is to be opened over

the artery to a small extent at its inner side. The internal jugular vein may now 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 now
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 jugular vein, or including the vagus nerve.

Before the ligature is tied, it should be ascertained that nothing but the artery is in-

cluded in it.

To tie the Common Carotid, belmv the Omo-hyoid. The patient should be placed in the same
position as above mentioned. An incision about three inches in length is to be made,
parallel with the inner edge of the Sterno-mastoid, commencing on a level with the cricoid

cartilage. The inner border of the Sterno-mastoid having been exposed, the sterno-mastoid

artery and a large vein, the middle thyroid, will be seen, and must be carefully avoided; the

Sterno-mastoid is to be drawn outwards, and the Sterno-h3'oid and thyroid muscles inwards.

The deep fascia must now be divided below the Omo-hyoid muscle, and the sheath having

been exposed, must be opened, care being taken to avoid the descendens noni, which here

runs on the inner or tracheal side. The jugular vein and vagus nerve being then pressed to

the outer side, the needle must be piassed round the artery from without inwards, great care



EXTERNAL CAROTID. 339

being taken to avoid the inferior thyroid arlery, the recurrent laryngeal, and sympathetic

nerves which lie behind it.

Collateral Circulation. After ligature 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 profunda cervicis, and arterior 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). Guy's Hosjnial Reports, i. 56. The injection, however,
does not seem to have been a successful one. It showed merely that the arteries at the

base of the brain (circle of Willis) were much enlarged on the side of the tied artery, and
that the anastomosis between the branches of the external carotid on the aifected side

and those of the same artery on the sound side was free, so that the external carotid was
pervious throughout.

ExTEENAL Carotid Aeteet.

The external carotid artery (fig. 211) arises opposite the upper border of the

thyroid cartilage, and taking a slightly curved course, ascends upwards and for-

wards, 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, the two
vessels are of nearly equal size. At its commencement, this artery is more super-

ficial, 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 ; it is covered

by the skin, Platysma, deep fascia, and anterior margin of the Sterno-mastoid,

crossed by the hypoglossal nerve, and by the Hngaal and facial veins ; it is after-

wards crossed by the Digastric and 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, the wall of the pharynx, and the ramus of the jaw,

from which it is separated by a portion of the parotid gland.

Behind it, near its origin, is the superior laryngeal nerve ; and higher up, it

is separated from the internal carotid by the Stylo-glossus and Stylo-pharyngeus

muscles, the glosso-pharyngeal nerve, and part of the parotid gland.

Plan of the Relations of the External Carotid.

In Front.

Integument, superficial fascia.

Platysma and deep fascia.

Hypoglossal nerve.

Lingual and facial veins.

Digastric and Stylo-hyoid muscles.

Parotid gland with facial nerve and
temporo-maxillary vein in its sub-

stance.

Beliind.

Superior laryngeal nerve.

Stylo-glossus.

Stylo-pharyngeus.

Glosso-pharyngeal nerve.

Parotid gland.

Internally.

Hyoid bone.

Pharynx.
Parotid gland.

EaJnus of jaw.

Sm-ffimPAnatomy. The application 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
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cases of pulsating tumour of the scalp or face ; the operation, however, ia very rarely per-

formed, ligatm'B of the common carotid teing preferable, on accoimt of the number of
branches given off fi'om the external. To tie this vessel near its origin, below the point

where it is crossed by the Digastric, an incision about thi-ee inches in length should be
made along the margin of the Sterno-mastoid, from the angle of the jaw to the cricoid

cartilage, as in the operation for tying the common carotid. 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 separating the posterior belly of the Digastric and Stylo-hyoid muscles which,
are seen at the lower part of the wound, 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 free

anastomosis of the facial with branches from the internal carotid, of the occipital with
branches of the subclavian, etc.

Brandies, The external carotid artery gives o£F eiglit branches, which, for con-

venience of description, may be divided into fonr sets. (See fig. 212, Plan of the

Branches)

.

Anterior. Posterior. Ascending. Terminal.

Superior Thyroid. Occipital. Ascending Pha- Temporal.
Lingual. Posterior Auricular. ryngeal. Internal Maxillary.

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 arrange-

ment is that which is found in the great majority of cases.

The Superior Thteoid Artery ( figs. 211 and 216) is the first branch given

off from the external carotid, being derived from that vessel just below the great

eornu of the hyoid bone. At its commencement, it is quite superficial, being

covered by the integument, fascia, and Platysma, and is contained in the trian-

gular 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 the Omo-hyoid, Sterno-hyoid, and Sterno-thyroid muscles ; and
distributes numerous branches to the anterior surface of the gland, anastomosing

with its fellow of the opposite side, and with the inferior thyroid arteries. Besides

the arteries distributed to the muscles and the substance of the gland, the branches

of the superior thyroid are the following :

Hyoid. Superior Laryngeal.

Superficial descending branch (Sterno-mastoid). Crico-Thyroid.

The hyoid is a small branch which runs along the lower border of the os

hyoides, beneath the thyro-hyoid muscle ; after supplying the muscles connected

to that bone, it forms an arch, by anastomosing with the vessel of 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 neigh-

bouring muscles and integument. It is of importance that the situation of this

vessel be remembered, in the operation for tying the common carotid artery.

There is often a distinct branch from the external cai'otid distributed to the Sterno-

mastoid muscle.

The superior laryngeal, larger than either of the preceding, accompanifis the

superior laryno'eal nerve, beneath the Thyro-hyoid muscle ; it pierces the thyro-

hyoid membrane, and supplies the muscles, mucous membrane, and glands of the

larynx and epiglottis, anastomosing with the branch from the opposite side.

The crico-thyroid (inferior laryngeal) is a small branch which runs transversely

across the crico-thyroid membrane, communicating with the artery of the opposite

side. Tlie position of this vessel should be remembered, as it may prove the source

of troublesome hasmorrhage during the operation of laryngotomy.
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Surgical Anatomy. The superior thyroid, or some of its hrauches, are often divided in oases

of cut throat, giviug rise to considerable hiemorrhage. In such cases, the artery should be
secured, the wound beiug 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 brouchocele, has been performed in uiuuerous 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 usually regains

its former size.

The Lingual Aeteey (fig. 216) arises from the external carotid between the

superior thyroid and facial ; it runs obliquely upw-ards and inwards to the great

cornu of the hyoid bone, then passes horizontally forwards parallel with the great

coi'DU, and, ascending perpendicularly to the under surface of the tongue, turns

forwards on its under surface as far as the tip of that organ, under the name of

the ranine artery.

Belations. Its first, or oblique portion, is superficial, being contained in the

triangular space already described, resting upon the middle constrictor of the

pharynx, and covered by the Platysma, and fascia of the neck. Its second, or

horizontal 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 ascending portion, lies between the Hyo-glossus and Genio-hyo-glossus

muscles. The fourth, or terminal part, under the name of the ranine, rans along

the under surface of the tongue to its tip : it is very superficial, being covered

only by the mucous membrane, and rests on the Lingualis on the outer side of

the Genio-hyo-glossus. The hypoglossal nerve lies nearly parallel with the

lingual artery, sejDarated from it, in the second part of its course, by the Hyo-
glossus muscle.

The branches of the lingual artery are, the

Hyoid. SiiblingnaL.

Dorsalis Lingua. Ranine.

The hi/oicl hranch runs along the upper border of the hyoid bone, supplj-ing the

muscles attached to it and anastomosing with its fellow of the opposite side.

The dorsalis Kngum (fig. 216) arises from the lingual artery beneath the Hyo-
glossus muscle (which, in the figure, has been partly cut away, to show the vessel).

;.

ascending to the dorsum of the tongue, it supplies the mucous membrane,, the

tonsil, soft palate, and epiglottis ; anastomosing with its fellow from the.opposite side-.

The suhlingual, which may be described as a branch of bifurcation of the lingual

artery, arises at the anterior margin of the Hyo-glossus muscle, and, running

forwards and outwards beneath * the Mylo-hyoid to the sublingual gland, supplies

its substance, giving branches to the Mylo-hyoid and neighbouring muscles, the

mucous membrane of the mouth and gums.

The ranine may be regarded as the other branch of bifurcation, or, as is more

usual, as the continuation of the lingual artery ; it runs along the under surface

of the tongue, resting on the Lingualis, and covered by the mucous membrane of

the mouth; it lies on the outer side of the Genio-hyo-glossus, and is covered by
the Hyo-glossus and Stylo-glossus, accompanied by the gustatory nerve. On
arriving at the tip of the tongue, it anastomoses with the artery of the opposite

side. These vessels in the mouth are placed one on each side of the frcenum.

Surgical Jinatomy. The lingual artery may be divided near its origin in cases of cut

throat, a complication that not unfrequently happens in this class of woxmds, or severe

hjemorrhage which cannot be restrained by ordinary means, may ensue from a wound, or

deep rdcer, of the tongue. In the former case, the primary wound may be enlarged if

necessary, and the bleeding vessel secured. In the latter case, it has been suggested that

the lingual artery should be tied near its origin. Ligatm'e of the lingual artery is also

occasionally practised, as a palliative measure, in oases of tumour of the tongue, in order to

* That is to say, it is deeper than the nmscle in dissecting from the surface. In the

natural position of the body, the artery lies ahove the muscle.
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check tlie progress of the disease. The operation is a difficult one, on account of the depth
of the artery, the number of important parts by "which it is surrounded, the loose and yielding

nature of the parts upon which it is supported, and its occasional irregularity of origin. An
incision is to be made, about two and a half inches in length, running obliquely downwards
and bacltwards, and havmg its centre opposite the point of the great cornu of the hyoid bone,
which is the guide to the artery. The parts being gradually dissected, the hypoglossal nerve
will come first into view, and then the artery must be carefully sought for among the loose

tissue at the bottom of the wound, care being taken not to open the phar3^nx. Large veins,

the internal jugular or some of its branches, may be met with, and prove a source of

embarrassment.
Ti'oublesome hiemorrhage may occur in the division of the friienum in children, if the ranine

artery, which lies on each side of it, is cut through. The student should remember that the

operation is always to be performed with a pair of blunt-pointed scissors, and the mucous
membrane only 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 fui-ther liberation of the
tongue, which may be necessary, can be eii'ected by tearing.

The Facial Aeteet (fig. 213) arises a little above the lingual, and ascends

obliquely forwards and upwards, beneath the body of the lower jaw, to the sub-

maxillary gland, in which it lies imbedded in a groove on its posterior and upper

213.—The Ai-teries of the Face and Scalp.*

border ; this may be called the cervical part of the artery. It then curves up-

wards over the body of the jaw at the anterior inferior angle of the Masseter

muscle, ascends forwards and upwards across the cheek to the angle of the mouth,

passes up 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 muscular tissue of the lips must be supposed to have been cut away, in order to

shojy.tjie cour.se of the coronary arteries.
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tlie face, is remarkably tortuous ; in the former situation, to accommodate itself

to tlie movements of tlie pharynx in deglutition ; and in the latter, to the move-
ments of the jaw, and the lips and cheeks.

Relations. 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. 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

and Zygomatic muscles. It rests on the Buccinator, the Levator anguli oris, and

the Levator labii snperioris. 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, lying to its outer side. The branches

of the facial nerve cross the artery, and the infi-a-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) :

Cervical Branches. Facial Brandies.

Inferior or Ascending Palatine. Muscular.

Tonsillar. Inferior Labial.

Submaxillary. Inferior Coronary.

Submental. Superior Coronary.

^ Lateralis Nasi.

Angular.

The inferior or ascending palatine (fig. 216) passes up between the Stylo-glossns

and Stylo-pharyngeus to the outer side of the pharynx. After supplying these

mu-scles, the tonsil, and Eustachian tube, it divides, near the Levator palati, into

two branches ; one follows the course of the Tensor palati, and supjalies the soft

palate and the palatine glands ; the other passes to the tonsil, which it supplies,

anastomosing with the tonsillar artery. These vessels inosculate with the postei'ior

palatine branch of the internal maxillary artery.

The tonsillar branch (fig. 216) passes up along the side of the pharynx, and,

perforating the Superior constrictor, ramifies in the substance of the tonsil and

root of the tongue.

The submaxillary consist of three or four 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 muscles attached to the jaw, and anastomosing with the sub-

lino-nal artery, it arrives at the symphysis of the chin, where it divides into a

superficial and deep branch; the former turns round the chin, and, passing

between the integument and Depressor labii inferioris, supplies both, and anasto-

moses with the inferior labial. The deep branch passes beneath the latter muscle

and the bone, supplies the lip, and anastomoses with the inferior labial and mental

arteries.

The mnscular branches are distributed to the internal Pterygoid, Masseter, and

Buccinator.

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.

The inferior coronary is derived from the facial artery, near the angle of the

mouth ; it passes upwards and inwards beneath the Depressor anguli oris, and,

penetrating the Orbicularis muscle, runs in a tortuous course along the edge of
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the lower lip between tliis muscle and the mucons membrane, inosculating witb

tlie 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 mental branch of the inferior dental artery.

The .mpe7-ior coronary is larger, and more tortuous in its course than the pre-

ceding. It follows the same course along the edge of the upper lip, lying between

the mucous membrane and the Orbicularis, and anastomoses with the artery of the

opposite side. It supplies the textures of the upper lip, and gives off in its course

two or three vessels which ascend to the nose. One, named the artery of the

septnm, ramifies on the septum of the nares as far as the point of the nose ; another

supplies the ala of the nose.

The lateralis nasi is derived from the facial, as that vessel is ascending along

the side of the nose ; it supplies the ala and dorsum of the nose, anastom.osing

with its fellow, the nasal branch of the ophthalmic, the artery of the septum, and

the infra-orbital.

The angular artery is the termination of the trunk of the facial ; it ascends to

the inner angle of the orbit, accompanied by a large vein, the angular ; it distributes

some branches on the cheek which anastomose with the infraorbital, and, after

supplying the lachrymal sac, and Orbicularis 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 with other vessels from different sources : viz., with the

sublingual branch of the lingual, with the mental branch of the inferior dental as

it emerges from the mental foramen, with the ascending phai-yngeal and posterior

palatine, and with the ophthalmic, a branch of the internal carotid ; it also inoscu-

lates with the transverse facial, and with the infraorbital.

Peculiarities. The facial artery not unfrequently arises hy a common trunk with the lingual.

This vessel also is 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 unfrequently supplies the face

only as high as the angle of the mouth or nose. The deficiency is then supplied by enlarge-

ment of one of the neighbouring arteries.

Suj-ffical 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 hiBmorrhage

from the lips, the result either of an accidental wound, or fi'om an operation ; but its

application is useless, except for a very short time, on accoimt of the free communication

of this vessel with its fellow, and with numerous branches from difiTerent 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 a tenaculum. In order to prevent

hfemorrhage in cases of excision, or in the removal of diseased growths from the part, the

lip should be compressed on each side between the finger and thumb, whilst the surgeon

excises the diseased part. In order to slop hasmorrhage where the lip has been divided in

an operation, it is necessai-y, in uniting the edges of the wound, to pass the sutures through

the cut edges, almost as deep as its mucous surface ; by these means, not only are the cut

.surfaces more neatly aud securely adapted to each other, but the possibility of haemorrhage

is prevented by including in the suture the divided arter}'. If the suture is, on the con-

trary, passed through merely the cutaneous portion of the wound, hfemorrhage occurs into

the cavity of the mouth. The student should, lastly, observe the relation of the angular

artery to the lachrymal sac, and it will be seen that, as the vessel passes up along the

inner margin of the orbit, it ascends on its nasal side. In operating for fistula lachry-

malis, the sac should always be opened on its outer side, in order that this vessel may be

avoided.
^

The OccrpiTAij Artery (fig. 213) arises from the posterior part of the external

carotid, opposite the facial, near the lower margin of the Digastric muscle. At its

origin, it is coveredby the posterior belly of the Digastric and Stylo-hyoid muscles,

and part of the parotid gland, the hypoglossal nerve winding around it from be-

hind 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, Digastric, and
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Trachelo-mastoid muscles, and resting upon tlie Complestis, Superior oblique, and

Rectus capitis posticus major muscles ; it tlien ascends verticallj upwards, piercing

the cranial attachment of the Trapezius, and passes in a tortuous course over the

occiput, as high as the vertex, where it divides into numerous branches.

The branches given off from this vessel are,

Muscular. Meningeal.

Auricular. Arteria Princeps Cervicis.

The muscular branches supply the Digastric, Stylo-hyoid; Sterno-mastoid,

Splenius, and Trachelo-mastoid muscles. The branch distributed to the Sterno-

mastoid is of large size.

The auricular branch supplies the back part of the concha.

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. 216) is a large branch which descends along

the back part of the neck, and divides into a superficial and deep branch. The
former runs beneath the Splenius, giving oif branches which perforate that muscle

to supply the Trapezius, anastomosing with the superficial cervical artery : the

latter passes beneath the Complexus, between it and the Semispinalis colli, and
anastomoses with the vertebral and deep cervical branch of the superior inter-

costal. The anastomosis between these vessels serves mainly to establish the

collateral circulation after ligature 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, and one or two branches occasionally pass through

the parietal or mastoid foramina, to supply the dura mater.

ThePosTEEiOR AuEicxJLAK Arteet (fig. 213) 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 two branches, an anterior, passing forwards to anastomose

with the posterior division of the temporal ; and a posterior, communicating with

the occipital. 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 Sterno-mastoid

muscles, and to the parotid gland, this vessel gives oif two branches

:

Stylo-Mastoid. Auricular.

The stijlo-mastoid branch enters the stylo-mastoid foramen, and supplies the tym-

panum, 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

vessels ramify on the membrana tympani.

The auricular branch is distributed to the back part of the cartilage of the

ear, upon which it ramifies minutely, some branches curving round the margin of the

fibro-cartilage, others perforating it, to supply its anterior surface.

The Ascending Pharyngeal Aetert (fig. 216), the smallest branch of the ex-

ternal carotid, is a long slender vessel, deeply seated in the neck, beneath the other

branches of the external carotid and the Stylo-pharyngeus muscle. It arises 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 the pharynx, to the

under surface of the base of the skull, lying on the Rectus capitis anticus major.

Its branches may be subdivided into three sets : i. Those directed outwards to

supply muscles and nerves. 2. Those directed inwards to the pharynx. 3, Me-
ningeal branches.



346 ARTERIES.

The external hranches are numerous small vessels, which supply the Recti capitis

antici m.uscles, the sympathetic, hypoglossal, and pneumogastric nerves, a,nd the

lymphatic glands of the neck, anastomosing with the ascending cervical artery.

Ihe pharyngeal branches are three or four in number. Two of these descend to

supply the middle 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, Eustachian tube, and tonsil, which take the

place of the ascending palatine branch of the facial artery, when that vessel is of

small size.

The meningeal hranches 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 with the

internal jugular vein. 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.

The Tempokal Artbet (fig. 213), 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 meatus, crosses

over the root of the zygoma, immediately beneath the integument, 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 supraorbital

and frontal arteries, its branches being directed from before backwards.

The posterior temporal, larger than the anterior, curves upwards and back-

wards along the side of the head, lying above the temporal fascia, and inosculates

with its fellow of the opposite side, and with the posterior auricular and occipital

arteries.

The 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 also usually

crossed by one or two veins, and accompanied by branches ofthe facial and auriculo-

temporal nerves. 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 facial is given off from the temporal before that vessel quits

the parotid gland ; running forwards through its substance, it passes transversely

across the face, between Steno'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

and infraorbital 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, supplies 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

two 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 of

the posterior auricular.
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Surgical Anatomy. It occasioually happens that the surgeon is called upon to perforin

the operation of arteriotomy upon this vessel in cases of inflammation of the eye or brain.

Under these circumstances, the anterior branch is the one usually selected. If the student

will consider the relations of tlie trunli of this vessel, as it crosses the zygomatic arch, -with

the surrounding structures, he will observe that it is covered by a thick and dense fascia,

crossed by one or tveo veins, and accompanied hy branches of the facial and auriculo-

temporal nerves. Bleeding should not be performed in this situation, as much difficulty

may arise from the dense fascia over the vessel preventing a free flow of blood, and consider-

able pressure is requisite afterwards to repress the haemorrhage. Again, a varicose aneurism

may be formed by the accidental opening of one of the veins in front of the artery ; or severe

nearalgic pain may arise from the operation implicating one of the nervous filaments in the

neighbom-hood.

The anterior branch is, on the contrary, subcutaneous, is a. large vessel, and ^is readily

compressed as any other portion of the artery ; it should consequently alwaj's be selected

for the operation.

The Internal Maxillaet (tig. 214), tbe larger of tlie two terminal branches of

the external carotid, passes inwards, at right angles from that vessel, to the inner

214.—The Internal Maxillary Artery, and its Branches.

side of the neck of the condyle of the lower jaw, to supply the deep structures of

the face. At its origin, it is embedded in the substance of the parotid gland, being
on a level with the lower extremity of the lobe of the ear.

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 with the aui-iculo-temporal nerve ; it crosses

the inferior dental nerve, and lies beneath the narrow portion of the External
pterygoid muscle.
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In tlie second part of its course (pterygoid portion), it runs obliquely for-

wards and upwards upon ' the outer surface of the External pterygoid muscle,

being covered by the ramus of the lower jaw, and lower part of the Temporal
muscle.

In the third part of its course (spheno-maxillary portion), it approaches the

superior maxillary bone, and enters the spheno-maxillary fossa, in the interval

between the processes of origin of the External pterygoid, where it lies in relation

with Meckel's ganglion, and gives off its terminal branches.

Peculiarities. Occasionally, this artery passes between the two Pteiygoid muscles. The
vessel in this case passes forwards to the interval between the processes of origin of the

External pterygoid, in order to reach the superior maxillary hone. Sometimes the vessel

escapes from beneath the External pterygoid b)' perforating the middle of that muscle.

The branches of this vessel may be divided into three groups, corresponding

with its three divisions.

Branches feom the Maxillary Portion (fig. 215).

Tympanic (anterior). Small Meningeal.

Middle Meningeal. Inferior Dental.

The tym2yairic branch passes upwards behind the articulation of the lower jaw,

enters the tympanum through the fissure of Glaser, supplies the Laxator tympaui,

and ramifies upon the membrana tympani, anastomosing with the stylo-mastoid,

Vidian, and tympanic branch from the internal carotid.

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 ujowards 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 pai'ietal

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 jjarietal bone divides into branches which supply the posterior part

of the dura mater and cranium. The branches of this vessel are distributed partly

to the dura mater, but chiefly to the bones ; they anastomose 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 colla-

teral branches :— i. Numerous small vessels to the ganglion of the fifth nerve,

and to the dura mater in this situation. 2. A branch to the facial nerve, which
enters the hiatus Eallopii, supplies the facial nerve, and anastomoses with the

stylo-mastoid 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.

The small meningeal is sometimes derived from the preceding. It enters the

skull through the foramen ovale, and supplies the Casserian ganglion and dura

mater. Before entering the cranium, it gives off a branch to the nasal fossa and

soft palate.

The inferior dental descends with the dental nerve, to the foramen on the inner

side of 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 mental branch escapes with the nerve at the mental foramen,
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supplies the structures composing the chin, and anastomoses with the submental,

inferior labial, and inferior coronary arteries. As the dental artery enters the

foramen, it gives off a mylo-hyoid branch, which runs in the Mylo-hyoid groove,

and raroifies 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.

Beanches of the Second, or Pterygoid Portion.

Deep Temporal. Masseteric.

Pterygoid. Buccal.

These branches are distributed, as their names imply, to the muscles in the

maxillary region.

The fZeej:> temijoral hrancJies, 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

with the other temporal arteries ; the anterior branch communicating with the

lachrymal through small branches which perforate the malar bone, and great wing
of the sphenoid.

The pterygoid IrancJtes, irregular in their number and origin, supply the

Pterygoid muscles.

The masseteric is a small branch which passes outwards above the sigmoid

notch of the 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

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-Maxillart Portion.

Alveolar. Vidian.

Infraorbital. Pterygo- Palatine.

Posterior or Descending Palatine. Nasal or Spheno-Palatine.

The alveolar is given oiF from the internal maxillary by a common branch with

the infraorbital, and 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 ; one, the superior dental, larger than the rest,

supplies the molar and bicuspid teeth, its branches entering the foramina in

the alveolar process ; some branches pierce the bone to supply the lining of the

antrum, and others are continued forwards on the alveolar process to supply the

gums.

The infrawhital appears, from its direction, to be the continuation of the trunk
of the internal maxillary. It arises from that vessel by a common trunk with
the preceding branch, and runs along the infraorbital canal with the superior

maxillary nerve, emerging upon the face at the infraorbital foramen, beneath the

Levator labii superioris. Whilst contained in the canal, it gives off branches

which ascend into the orbit, and supply the Inferior rectus and Inferior oblique

muscles, and the lachrymal gland. Other branches 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, it supplies the lachrymal sac, and inner angle of the

orbit, anastomosing with the facial artery and nasal branch of the ophthalmic
;

and other branches descend beneath the Levator labii superioris, and anastomose

with the transverse facial and buccal branches.

The four remaining branches arise from that portion of the internal maxillary

which is contained in the spheno-maxillary fossa.
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The descending palatine passes down along the posterior palatine canal with the

posterior palatine branches 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 hard palate to be distributed to the gums, the mucous membrane of the hard

palate, and 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, anastomosing with the ascending palatine artery; and anteriorly it terminates

in a small vessel, which ascends in the anterior palatine canal, and anastomoses

with the artery of the septum, a branch of the spheno-palatine.

The Vidian branch passes backwards along the Vidian canal with the Vidian

nerve. It is distributed to the upper part of the pharynx and Eustachian tube,

sending a small branch into the tymjjannm.

The pterygo-2}alatine 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 nasal or 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 artery of the septum, passes obliquely downwards

and forwards along the septum nasi, supplies the mucous membrane, and anasto-

moses in front with the ascending branch of the descending palatine. 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.

SuEGiCAt Anatomy of the Teiangles 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, should

now examine these structures collectively, as ibey present themselves in certain

regions of the neck, in each of which important operations are being constantly

performed.

For this purpose, the Sterno-mastoid, or any other muscles that have been

divided in the dissection of the vessels, should be replaced in their normal position
;

the head should be supported by placing a block at the back of the neck, and the

face turned to the side opposite to that which is being examined.

The side of the neck presents a somewhat quadrilateral outline, limited, above,

by the lower border of the body of the jaw, and an imaginary line extending from

the angle of the jaw to the mastoid process
;
below, by the prominent upper border

of the clavicle ; in front, by the median line of the neck ; behind, by the anterior

marc^in 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 triayigle.

Anteeioe Teiangulae Space.

The anterior triangle is limited, in front, by a line extending from the chin to

the sternum ;
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 line

extending from the angle of the jaw to the mastoid process ; its apex is below,

at the sternum. The space is covered by the integument, superficial fascia,

Platysma, and deep fascia ; it is crossed by branches of the facial and superficial

cervical nerves, and is subdivided into three smaller triangles by the Digastric

muscle, above, and the anterior belly of the Omo-hyoid, below. These smaller

triandes are named from below upwards, the inferior carotid, the superior carotid,

and the submaxillary triangle.

The Inferior Carotid Triangle is limited, in front, by the median line of the
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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

fascia, Platysma, and deep fascia ; ramifying between which is seen the descending

branch of the superficialis colli nerve. Beneath these superficial structures, are

the Sterno-hyoid and Sterno-thyroid muscles, which, together with the anterior

margin of the Sterno-mastoid, conceal the lower part 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 noni ; 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 thyroid 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 Omo-
hyoid muscle.

The floor of the inferior carotid triangle is formed by the Longus colli muscle

below, and by the Scalenus anticus above (see fig. 162, p. 236), 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 Rectus capitis

anticus major may also be seen in the floor of the space.

The Swperior Garotid Triav gle ishounded, behind, by the Sterno-mastoid; below

by the anterior belly of the Omo-hyoid ; and above, by the posterior belly of the

Digastric muscle. Its floor is formed by parts of the Thyro-hyoid, Hyo-glossus,

and the inferior and middle Constrictor muscles of the pharynx ; and it is covered

by the integument, superficial fascia, Platysma, and deep fascia ; ramifying

between which, are branches of the facial and superficialis colli nerves. This

space contains the upper part of the common carotid artery, which bifurcates

opposite the upper border of the thyroid cartilage into the external and internal

carotid. These vessels are occasionally somewhat concealed from view by the

anterior margin of the Sterno-mastoid muscle, which overlaps them. The ex-

ternal and internal carotids lie side by side, the external being the more anterior

of the two. The following branches of the external carotid are also met with in

this space : the superior thyroid, running forwards and downwards ; the lingual

directly forwards ; the facial, forwards and upwards ; the occipital, backwards

;

and the ascending pharyngeal directly upwards on the inner side of the internal

carotid. The veins met with are : the internal jugular, 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 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 noni. The hypoglossal nerve crosses both carotids 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 internal carotid, just below the hyoid bone, may be seen the superior

laryngeal nerve ; and still more inferiorly, the external laryngeal nerve. The

* Therefore the carotid artery and jugular vein are not, strictly speaking, contained in this

ti'iangle, since they are covered by the Sterno-mastoid muscle, that is to say, lie behind the

anterior border of that muscle, which forms the posterior border of the triangle. But as they
lie very close to the sti'uctiu-es which are really contained ia the triangle, and whose position

it ia essential to remember in operating on this part of the artery, it has seemed expedient to

stud3' the relations of all these parts together.
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upper part of the larynx and lower part of the pharynx are also found in the front

part of this space.

The StAmaxillary 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, the parotid gland and the mastoid process ; below, by the posterior

belly of the Digastric and Stylo-hyoid muscles
; in front, by the middle line of

the neck. The floor of this space is formed by the anterior belly of the Digastric,

the Mylo-hyoid, and Hyo-glossus muscles ; and 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 nerve. This sjiace

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 is the internal carotid, the internal jugular vein, and the pneumo-

gastric nerve, separated from the external carotid by the Stylo-glossus and

Stylo-pharyngeus muscles, and the glosso-pharyngeal nerve.*

POSTERIOE TkIANGULAE SpACE.

The posterior triangular space 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 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 SpleJiius, Levator anguli scapulae,

and the middle and posterior Scaleni muscles. It is covered by the integument,

the Platysma below, the superficial and deep fasciie ; and crossed, above, by the

ascending branches, of the cervical plexus ; the sjjinal accessory nerve 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 Sidiclavian, 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

forwards, being formed by the Sterno-mastoid. The size of this space 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. The height also of this space

varies much, accordiag 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 fascia : and crossed by the descending

branches of the cervical plexus. Just above the level of the clavicle, the third

* The same remark will apply to this triangle as was made about the inferior carotid

triangle. The structm-es enumerated, as contained in the hack part of the space, lie, stiictly

speaking, beneath the muscles which form the posterior boundary of the triangle
;
hut as it

is very important to bear in mind their close relation to the parotid gland and its boundaries

(on account of the frequency of surgical operations on this gland), all these parts are spokeu

of together.
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portion of the subclavian artery curves outwards and downwards from the outer

margin of the Scalenus anticns, across the first rib to the axilla. Sometimes

this vessel 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 artery

and in close contact with it. Passing transversely across the clavicular margin

of the space, are the suprascapular vessels ; and traversing its upper angle in the

same direction, the transverse cervical yessels. The external jugular vein runs

vertically downwards behipd the postei'ior border of the Sterno-mastoid, to terminate

in the Subclavian vein ; it receives the transverse cervical and suprascajjular veins,

which occasionally form a plexus in front of the artery, and a small vein which

crosses the clavicle from the cephalic. ThQ small nerve to the subclavius also

crosses this triangle about its middle. A lymphatic gland is also found in

the space.

Internal Cakotid Aeteet.

The internal carotid artery commences at the bifurcation of the common carotid,

opposite the upper border of the thyroid cartilage, and runs perpendicularly up-

wards, in front of the ti-ansverse processes of the three upper cervical vertebrae,

to the carotid foramen in the petrous portion of the temporal bone. After

ascending in it for a short distance, it passes forwards and inwards through the

carotid canal, and, again ascending a little by the side of the sella Turcica, curves

upwards by the anterior clinoid process, where it pierces the dura mater, and divides

into its terminal branches.

This vessel supplies the anterior part of the brain, the eye, and its appendages.

Its size, in the adult, is equal to that of the external carotid. In the child, it is

larger than that vessel. It is remarkable for the number of curvatures that it

presents in different parts of its course. In its cervical portion it occasionally

presents 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

horizontally ~. These curvatures most probably 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 produced from friction. In considering the

course and relations of this vessel, it may be conveniently divided into four por-

tions : a cervical, petrous, cavernous, and cerebral.

Cervical Portion. This portion of the internal carotid is superficial at its com-
mencement, being conta,ined in 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 Platysma, deep fascia, and integujnent : it then

passes beneath the parotid gland, being crossed by the hypoglossal nerve, the

Digastric and Stylo-hyoid muscles, and the external carotid and occipital arteries.

Higher up, it is separated from the external carotid by the Stylo-glossus and
Stylo-pharyngeas muscles, the glosso-pharyngeal nerve, and pharyngeal branch of

the pneumogastric. It is in relation, heMnd, with the Rectus capitis anticus major,

the superior cervical ganglion of the sympathetic, and superior laryngeal nerve ; ex-

ternally, with the internal jugular vein, and pneumogastric nerve; internally, with

the pharynx, tonsil-, and ascending pharyngeal artery..

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. In this canal, the artery lies at first anterior to the tympanum,
from which it is separated by a thin bony lamella, vyhich is cribriform in the

young subject, and often absorbed in old age. It is separated from the bony wall

A A
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of the carotid canal by a prolongation of dura mater, and is surrounded by fila-

ments of tlie carotid plexus.

Cavernous 'Portion. The internal carotid artery, in this part of its course, at

first ascends to the posterior clinoid process, then passes forwards by the side of

216.—The Internal Carotid and Vertebral Arteries. Right Side.

the body of the sphenoid bone, being situated on the inner wall of the cavernous

sinus, in relation, externally, with the sixth nerve, and covered by the lining

membrane of the sinus. The third, fourth, and ophthalmic nerves are placed on the

outer wall of the sinus, being separated from its cavity by the lining membrane.

Cerebral Portion. On the inner side of the anterior clinoid process the internal

carotid curves upwards, perforates the dura mater bounding the sinus, and is

received into a sheath of the arachnoid. his portion of the artery is on the
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outer side of the optic nerve; it lies at the inner extremity of the fissure of

Sylvius, having the third nerve externally.

Plak of the Relations of the Internal Caeotid Artery in the Neck.

In Front.

SHu, superficial and deep fasoiffi.

Parotid gland.

Stylo-glossus and Stjio-pharyngeus

muscles.

Glosso-pharyngeal nerve.

Extei'nally.

Internal jugular vein.

Pneiunogastric nerve.

Inter-nally.

Pharynx.
Ascending pharyngeal artery.

Tonsil.

Rectus capitis antious major.

Sympathetic.
Superior laryngeal nerve.

Peculiarities, The 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
heen found to he 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 heing 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 oif the usual branches of the external carotid : the cranial portion of

the internal carotid being replaced by two branches of the internal maxillary, which
entered the skuU through the foramen rotundum and ovale, and joined to form a single

Surgical Anatomy. The cervical part of the internal carotid is sometimes woimded by
a stab or gun-shot 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. In such cases a ligature should be applied to the common
carotid. The relation of the internal carotid with the tonsil should be especially remem-

I bered, as instances have occurred in which the artery has been wounded during the operation

of scarifying the tonsil, and fatal haemorrhage has supervened.

The branches given ofi'from the internal carotid are :

From the Petrous Portion . Tympanic (internal or deep).

r Arterife Receptaculi.

From the Cavernous Portion <^ Anterior Meningeal.

L Ophthalmic.

("Anterior Cerebral.

T-, ,7 ^ -r 7 -n ,• J Middle Cerebral.
From the Uerebral Portion ^, -n , • ,.

I

Posterior communicating.

•-Anterior Choroid.

The cervical portion of the internal carotid gives oif no branches.

The tympanio 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 artericB receptaculi are nnmerons small vessels, derived from the internal

carotid in the cavernous sinns ; they supply the pituitary body, the Casserian

'J ganglion, and the walls of the cavernous and inferior petrosal sinuses. One of

t these branches, distributed to the dnra mater, is called the anterior meningeal ; it

1 anastomoses with the middle meningeal.

The Ophthalmic Abteet 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

a a 2
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side of the optic uerve. It tben passes across the nerve, to the inner wall of the

orbit, and thence horizontally forwards, beneath the lower border of the Superior

oblique muscle to the inner angle of the eye, where it divides into two terminal

branches, the frontal, and nasal. .

Brandies. The branches of this vessel may be divided into an orbital group,

which are distributed to the orbit and surrounding parts ; and an ocular group,

which supply the muscles and globe of the eye.

217.—The Ophthalmic Artery and its Branches, the Roof of the Orhit having lieen

removed.

Al't'Ti^r mr'^-J'

'''—Jf{

Orbital Group.

Lachrymal.

Supraorbital.

Posterior ethmoidal.

Anterior ethmoidal.

Palpebral.

Prontal.

Nasal.

Ocular Group. \

Muscular.

Anterior ciliary.

Short ciliary.

Long ciliary.

Arteria centralis retiuEe.

The lachrymal is the first, and one of the largest branches, derived from the i

ophthalmic, arising ..close to the optic foramen : not unfrequently it is given off 1

from the artery before it enters the orbit. It accompanies the lachrymal nerve 1

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

to the upper eyelid and conjunctiva, anastomosing with the palpebral arteries. The '

lachrymal artery gives 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 arteries. The other appears on the cheek, and anasto-

moses with the transverse 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
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Peculiarities. The laclirvmiil arterj' is sometimes derived fropa one of the anterior branches

of the middle meningeal artery.

The supraorbital artei-y, tlie largest branch of the ophthalmic, arises from that

vessel above the optic nerve. Ascending so as to rise above all the muscles of

the orbit, it passes forwards, with the frontal nerve, between the periosteum and
Levator palpebrse ; and passing through the supraorbital foramen, divides into a

superficial and deep branch, which supply the muscles and integument of the

forehead and pericranium, anastomosing v^ith the temporal, the angular branch of

the facial, and the artery of the opposite side. This artery in the orbit supplies

the Superior rectus and the Levator palpebrse, sends a branch inwards, across the

pulley of the Superior oblique muscle, to supply the parts at the inner canthus,

and, at the supraorbital foramen, frequently transmits a branch to the diploe.

The etlimoidal branches are two in number
;

posterior and anterior. The
former, which is the smaller, passes through the posterior ethmoidal foramen,

supplies the posterior ethmoidal cells, and, entering the cranium, gives off a

meningeal branch, which supplies the adjacent dura mater, and nasal branches,

which descend into the nose through apertui-es in the cribriform plate, anasto-

mosing with branches of the spheno-palatine. The anterior ethmoidal artery

accompanies the nasal nerve through the anterior ethmoidal foramen, supplies the

anterior ethmoidal cells and frontal sinuses, and, entering the cranium, divides

into a meningeal branch, which supplies the adjacent dura mater, and a nasal

branch which descends into the nose, through an aperture in the cribriform plate.

T^h-e palpebral arteries, two in number, superior and inferior, arise from the

ophthalmic, opposite the pulley of the Superior oblique muscle ; they encircle the

eyelids near their free margin, forming a superior and an inferior arch, which lie

between the orbicularis muscle and tarsal cartilages ; the superior palpebral

inosculating at the outer angle of the orbit with the orbital branch of the

temporal artery, the inferior palpebral with the orbital branch of the infraorbital

artery, at the inner side of the lid. From this 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 muscles,

integument, and pericranium, anastomosing with the supraorbital artery.

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 lachrymal sac,

divides into two, one of which anastomoses with the angular artery, the other

branch, the dorsalis nasi, runs along the dorsum of the nose, supplies its entire

surface, and anastomoses with the artery of the opposite side.

The ciliary arteries are divisible into three groups, the short, long, and anterior.

The short ciliary arteries, from twelve to fifteen in number, arise from the ophthal-

mic, or some of its branches ; they surround the optic 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 ligament, 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 pierce the sclerotic a short distance from the cornea,

and terminate in the great arterial circle of the iris.

The arteria centralis retince is one of the smallest branches of the ophthalmic

.artery. It arises near the optic foramen, pierces the optic nerve obliquely, and

runs forwards, in the centre of its substance, to the retina, in which its branches

are distributed as far forwards as the ciliary processes. In the human foetus, a

small vessel passes forwards, through the vitreous humour, to the posterior surface

of the capsule of the lens.
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The muscular hrancli.es, two in number, superior and inferior, supply the muscles

of the eyeball. The superipr, the smaller, often wanting, supplies the Levator

palpebrsB, Superior rectus, and Superior oblique. The inferior, more constant in

218.—The Arteries of the Base of the Brain. The right half of the Cereoellum and
Pons have been removed.

its existence, passes forwards, between the optic nerve and Inferior rectus, and is

distributed to the External and Inferior recti, and Inferior oblique. This vessel

gives off most of the anterior ciliary arteries.

The CEREBRAL Iranclies of the internal carotid are : the anterior cerebral, the

middle cerebral, the posterior communicating, and the anterior choroid.
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The anterior cerebral arises from the internal carotid, at the inner extremity of

the fissure of Sylvius. It passes forwards in the great longitudinal fissure between

the two anterior lobes of the brain, being connected, soon after its origin, with the

vessel of the opposite side by a short anastomosing trunk, about two lines in length,

the anterior communicating. The two anterior cerebral arteries, lying side by side,

curve round the anterior border of the corpus callosum, and run along its upper

surface to its posterior part, where they terminate by anastomosing with the

posterior cerebral arteries. They supply the olfactory and optic nerves, the under

surfaj3e of the anterior lobes, the third ventricle, the anterior perforated space, the

corpus callosum, and the inferior surface of the hemispheres.

The anterior communicating artery is a short branch, about two lines in length,

but of moderate size, connecting together the two anterior cerebral arteries across

the longitudinal fissure. Sometimes this vessel is wanting, the two arteries joining

together to form a single trunk, which afterwards subdivides. Or the vessel may
be wholly, or partially subdivided into two ; frequently, it is longer and smaller

than usual.

The middle cerebral artery, the largest branch of the internal carotid, passes

obliquely outwards along the fissure of Sylvius, within which it divides into three

branches : an anterior, which supplies the pia mater, investing the surface of the

anterior lobe ; a posterior, which supplies the middle lobe ; and a median branch,

which supplies the small lobe at the outer extremity of the Sylvian fissure. Near
its origin, this vessel gives off numerous small branches which enter the locus per-

foratus anticus, to be distributed to the corpus striatum.

The posterior oommunicating artery arises from the back part of the internal

carotid, runs directly backwards, and anastomoses with the posterior cerebral, 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.

The anterior cJioroid, 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, it enters the descending horn of the lateral ventricle,

beneath the edge of the middle lobe of the brain. It is distributed to the hippo-

campus major, corpus fimbriatum, and choroid plexus.

ARTERIES OF THE UPPER EXTREMITY.

The artery which supplies the upper extremity, continues as a single trunk from

its commencement down to the elbow ; 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 rib, is

termed the subclavian ; beyond this point to the lower border of the axilla, it is

termed the axillary ; and from the lower margin of the axillary space to the 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.

Subclavian Arteeies.

The subclavian artery on the right side arises from the arteria innominata

opposite the right stemo-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 in a sur-

gical point of view, each subclavian artery has been divided into three parts.

The first portion, on the right side, ascends obliquely outwards from the origin of
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the vessel to the inner border of the Scalenus anticus. On the left side it ascends

vertically, to gain the inner border of that mnscle. The second part passes

outwards, behind the Scalenus anticus ; and the third jiart passes from the outer

margin of that muscle, beneath the clavicle, to the lower border of the first rib,

where it becomes the axillary artery. The first portions of these two vessels differ

so much in their course, and intheirrelationwithneighbouringparts, thatthey will be

described separately. The second and third parts are precisely alike on both sides.

PiEST Paet of the Right SaBCLAviAN Artery. (Figs. 209, 211.)

The right subclavian artery arises from the arteria innominata, opposite the fight

sterno-clavicular articulation, passes upwards and outwards across the root of tlie

neck, and terminates at the inner margin of the Scalenus anticus muscle. In this

part of its course it ascends a little above the clavicle, the extent to which it does

so varying in different cases. It is covered, infront, 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 pneumogastric, the

cardiac branches of the sympathetic, and the phrenic nerve. Beneath, the artery is

invested by the pleura, and hehind, it is separated by a cellular interval from the

Longus colli, the transverse process of the seventh cervical or first dorsal vertebra,

and the sympathetic : the recurrent laryngeal nerve winding around the lower and

back part of the vessel. The subclavian vein lies below the subclavian artery,

immediately behind the clavicle.

Plan of Relations of Fiest Poetion of Right Subclavian Aetery.

Infi-ont.

Clavicular origin of Sterno-mastoid.

Steruo-hyoid and Sterno-thyroid.

Internal jugular and vertebral veins.

Pneumogastric, cardiac and phrenic nerves.

Hcneath.

Pleura.

Behind.

Recurrent laryngeal nerve.

Sympathetic.

Longus coUi.

Transverse process of seventh cervical or first dorsal vertebra.
*

First Paet of the Left Subclavian Aetery. (Fig. 209.)

The left subclavian artery arises from the end of the transverse portion of the

arch of the aorta, opposite the third dorsal vertebra, and ascends to the inner

margin of the first rib, behind the insertion of the Scalenus anticus muscle. This
vessel is, therefore, longer than the right, situated more deeply in the cavity of the

chest, and directed almost 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,

phrenic, and cardiac nerves, which lie paralled with it, the left carotid artery, left

internal jugular and innominate veins, and is covered by the Sterno-thyroid, Sterno-

hyoid, and Sterno-mastoid muscles ; hehind, it is in relation with the CBSophagus,

thoracic duct, inferior cervical ganglion of the sympathetic, Longus colli, and verte-

bral column. To its inner side are the oesophagus, trachea and thoracic duct ; to

its Older side, the pleura.

* In five cases recently examined successively the artery was found to lie on the trans-

verse process of the first dorsal.
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Plan of Relations of First Portion of Left Subclavlan Aeteey.

In front.

Pleura aud left lung.

Pneumogastric, cardiac, and phrenic nerves.

Left carotid artery.

Left internal jugular and innominate veins.

Sterno-thyroid, Sterno-hyoid, and Sterno-mastoid muscles.

Inner side.

Outer side.
CEsophagus,
Trachea x,- '^'"^'T-- Pleura.

Thoracic duet.

Behind.

CEsophagus and thoracic duct.

Inferior cervical ganglion of sympathetic.

Longus colli and vertebral column.

Second and Third Parts of the Subclavian Artery. (Fig. 211.)

The Second Portion of the Subclavian Artery lies behind the Scalenus anticus

muscle ; it is very short, and forms the highest part of the arch described by

that vessel.

Relations. It is covered, in front, by the integument, Platysma, Sterno-mastoid,

cervical fascia, and by the phrenic nerve, which is separated from the artery by

the Scalenus anticus muscle. Behind, it is in relation with the Middle Scalenus.

Above, with the brachial plexus of nerves. Below, with the pleura. The subcla-

vian vein lies below and in front of the artery, separated from it by the Scalenus

anticus.

Plan of Relations of Second Portion of Subclavian Artery.

In front.

Scalenus anticus.

Phrenic nerve.

Suhclavian vein.

Above. I Subclavian \ Below.
Artery.

Brachial plexus. I second portion, i Pleura.

Behind.

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 lower 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.

BeJations. It is covered, in front, by the integument, the superficial fascia, the

Platysma, deep fascia ; and by the clavicle, the Subclavius muscle, and the supra-

scapular artery and vein ; the clavicular descending branches of the cervical

plexus and the nerve to the subclavius pass vertically downwards in front of the

artery. The external jugular vein crosses it at its inner side, and receives the

suprascapular and transverse cervical veins, 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. Above it, and to its outer side, is
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the bracliial plexns, and Omo-hjoid muscle. Below, it rests on the outer surface of

the first rib.

Plan of Relations of Third Portion of Subclavian Aetekt.

In front.

Cervical fascia.

External jugular, suprascapular, and transverse cervical veins.

Descending branches of cervical plexus.

Suhclavius muscle, suprascapular artery, and clavicle.

Below.
Bracliial plexus. I

^^.^"ery.
I

-c- j. -i

r\ ^ ;> \ Third portion. / rirst rib.
Umo-nyoid.

Behind.

Scalenus medius.

Peculiarities. The Subclavian arteries vary in their origin, their course, and the height to

which they rise in the neck.

The origin of the right subclavian from the innominate takes place, iu 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 may be either the first, second, third, or even the last branch derived

from that vessel ; in the majority of cases, it is the first or last, rarely the second or third.

When it is the fii'st branch, it occupies the ordiuary position of the innominate arteiy ; when
the second or third, it gains its usual position by passing behind the rigbt 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 vessel arises from the thoracic aorta,

as low down as the fourth dorsal vertebra. Occasionally, it perforates the anterior Scalenus
;

more rarely 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.

Surgical Ariatmny. The relations of the subclavian arteries of the two sides having been
examined, the student should direct his attention to consider 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

outer 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, may press with his

thumb iu the hollow behind the clavicle downwards 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 seventh
cervical vertebra. In appropriate cases, a preUminary incision may be made through the

cervical fascia, and the finger may he pressed down directly upon the artery.

Ligature of the subclavian artery may be required in cases of wounds, or of aneurism in

the axiUa ; and the third part of the artery is that which is most favourable for an operation,

on account of its being comparatively superficial, and most remote from the origin of the

large branches. In those eases where the clavicle is not displaced, this operation may be
performed with comparative facility

; but where the clavicle is pushed up by a large aneu-

rismal tumom' 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

clavicle is displaced, these variations wiU necessarily make the operation more or less difiicult,

according as the vessel is more or less accessible.

The chief points in the operation of tying the third portion of the subclavian artery are

as follows : the patient beiog placed on a table in the horizontal position, and the shoulder

depressed as much as possible, the integument should be drawn downwards upon the cla-

vicle, and an incision made through it upon that bone from the anterior border of the
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Trapezius to the posterior border of the Sterno-mastoid, to which may he added a short

vertical incision meeting the preceding in its centre ; the Platysma and cervical fascia

should be 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 : thLs and the suprascapular and transverse cervical veins which terminate in it should
be held aside, and if divided, both ends should be tied : the suprascapular artery should be
avoided, and the Omo-hyoid muscle must now be looked for, and held aside if necessary.

In the space beneath this muscle, careful search must be made for the vessel ; the deep
fascia having been divided with the finger-nail or silver scalpel, the outer margin of the Scale-

nus muscle must be felt for, and the finger being guided bj' it to the first rib, the pulsation

of the subclavian artery wiU be felt as it passes over the rib. The aneurism needle may
then be passed around the vessel from before backwards, by which means the vein will be
avoided, care being taken not to include a branch of the brachial plexus instead of the artery

in the ligature. If the clavicle is so raised by the tumour that the application of the ligature

cannot be effected in this situation, the artery may be tied above the first rib, or even
behind the Scalenus muscle

;
the difficulties of the operation in such a case will be mate-

rially increased, on acooimt of the greater depth of the artery, and the alteration in position

of the surrounding parts.

The second part 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 difficult to

tie the artery in the third part of its course. There are, however, many objections to the
operation in this situation. It is necessary to divide the Scalenus anticus muscle, upon which
lies the phrenic nerve, and at the inner side of which is situated the internal jugular vein

;

and a woimd of either of these structiu'es might lead to the most dangerous consequences.
Again, the artery is in contact, below, with the pleiu^a, which must also be avoided ; and,
lastly, the proximity of so many of its larger branches arising internal to this point, must be
a still further objection to the operation. If, however, it has been determined to perform the
operation in this situation, it ahoidd be remembered that it occasionally happens, that the
artery passes in front of the Scalenus anticus, or through the fibres of that muscle ; and that
the vein sometimes passes with the artery behind the Scalenus anticus.

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 ligatm'e cannot be applied in

that situation, it may be deemed advisable, as a last resource, to tie the first portion of the
subclavian artery. On the left side, this operation is almost impracticable ; the great depth
of the artery from the surface, its intimate relation with the pleura, and its close proximity
to the thoracic duct and to so many important veins and nerves, present a series of difficulties

which it is next to impossible to overcome.* On tlie right side, the operation is practicable,

and has been performed, though not with success. The main objection to the operation
in this situation is the smallness of the interval which usually exists between the commence-
ment of the vessel and the origin of the nearest branch. This operation may be performed in

the following manner :—The patient being placed on the table in the horizontal position,

with the neck extended, an incision should be made parallel with the posterior 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 Sterno-mastoid may now be
divided on a director, and turned outwards ; a few smaU arteries and veins, and occasionally

the anterior jugular, must be avoided, and the Sterno-hyoid and Sterno-thyroid muscles
divided in the same manner as the preceding muscle. After tearing through the deep
fascia with the finger-nail, the internal jugular vein will be seen crossing the subclavian
artery ; this should be pressed aside, and the artery secured by passing the needle from
below upwards, by which the plem-a is more eifectuaUy avoided. The exact position of
the vagus nerve, 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 coagidum between the ligature and
the origin of the vessel. It should be remembered, that the right subclavian ai-tery is occa-
sionally deeply placed in the fu'st part of its course, when it arises from the left side of the
aortic arch, and passes in such cases behind the oesophagus, 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 dis-

section :

—

' I. A posterior set, consisting of the suprascapular and posterior scapular branches of the
subclavian, which anastomosed with the infrascapular from the axillary.

' 2. An internal set produced by the connection of the internal mammary on the one hand,
with the short and long thoracic arteries, and the infrascapular 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, to terminate either in the
main trunk, or some of the branches of the axillary below. This last set presented most

* The operation was, however, performed in New York, by Dr. J. K. Rodgers, and the
case is related in A System of Suige^-y, edited by T. Holmes, 2nd ed. vol. iii. pp. 620, &c.
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conspicuously the peculiar cliaraetei' of newly-formed, or, rather, dilated arteries, being ex-

cessively tortuous, and forming a complete plexus.
' The chief agent in the restoration of the axillary artery below the tumour, was the

infrascapular artery, which communicated most freely with the internal mammary, supra-

scapular, 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.'
*

Branches of the Subclavian Artekt.

219.- -Plau of the Branches of the Right
Subclavian Artery.

These are four in number. Three

arising from the first portion of the vessel,

the vertebral, the internal mammary, and

the thyroid axis ; and one frora the second

portion, the superior intercostal. The
vertebral arises from the upper and back

part of the first portion of the artery ; the

thyroid axis from the front, and the in-

ternal mammary from the under part of

this vessel. The superior intercostal is

given off from the upper and back part

of the second portion of the artery. On
the left side, the second portion usually

gives off no branch, the superior inter-

costal arising at the inner side of the

Scalenus anticus. On both sides of the

body, the first three branches arise close together at the inner margin of the Sca-

lenus anticus ; in the majority of cases, a free interval of half an inch to an inch

existing between the commencement of the artery and the origin of the nearest

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

has been found less than half an inch.

The Vertebral Artery (fig. 216) 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,t and ascends through the foramina in the transverse pro-

cesses of all the vertebrae above this. Above the upper border of the axis, it in-

clines outwards and upwards to the foramen in the transverse process of the

atlas, through which it passes ; it then winds backwards behind its articular pro-

cess, runs in a deep groove on the upper surface of the posterior arch of this bone,

and, piercing the posterior occipito-atloid ligament and dura mater, enters the skull

through the foramen magnum. It then passes in front of the medulla oblongata,

and unites with the vessel of the opposite side at the lower border of the pons

Varolii, to form the basilar artery.

At its origin, it is situated behind the internal jugular vein, and inferior thyroid

artery ; and, near the spine, lies between the Longas colli and Scalenus anticus

muscles, having the thoracic duct in front of it on the left side. Within the foramina

formed by the transverse processes of the vertebrse, it is accompanied by a plexus

of nerves from the sympathetic, and lies between the vertebral vein, which is in

front, and the cervical nerves, which issue from the intervertebral foramina behind

it. Whilst winding round the articular process of the atlas, it is contained in a tri-

angular space formed by the Rectus posticus major, the Superior and the Inferior

oblique muscles ; and is covered by the Rectus posticus major and Complexus.

* Guy's Hospital Heports, vol. i. 1 836. Case of axillary aneurism, in which Mr. Aston
Key had tied the subclavian artery on the outer edge of the Scalenus muscle, twelve years

previously.

t The vertebral artery sometimes enters the foramen in the transverse process of the fifth

vertebra. Dr. Smyth, who tied this artery in the living subject, foimd it, in one of his

dissections, passing into the foramen in the seventh vertebra.
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Within tlie skull, as it winds round the medulla oblongata, it is placed between the

hypoglossal nerve and the anterior root of the suboccipital nerve.

Branches. These may be divided into two sets, those given off in the neck, and
those within the cranium.

Cervical Branches. Cranial Branches.

Lateral spinal. Posterior meningeal.

Muscular. Anterior spinal.

Posterior spinal.

Inferior cerebellar.

The lateral spinal brandies enter the spinal canal through the intervertebral

foramina, each dividing into two branches. Of these one passes along the roots

of the nerves to supply the spinal cord and its membranes, anastomosing with the

other spinal arteries ; the other is distributed to the posterior surface of the bodies

of the vertebraj.

Muscular branches are given off to the deep muscles of the neck, where the

vertebral artery curves round the articular process of the atlas. They anastomose

with the occipital and deep cervical arteries.

The posterior meningeal are one or two small branches given off from the

vertebral opposite the foramen magnum. They ramify between the bone and dura

mater in the cerebellar fossEe, and supply the falx cerebelli.

The anterior spinal is a small branch, larger than the jjosterior spinal, which

arises near the termination of the vertebral, and unites with its fellow of the

opposite side in front of the medulla oblongata. The single trunk, thus formed,

descends a short distance on the front of the spinal cord, and joins with a

succession of small branches which enter the spinal canal through some of the

intervertebral foramina ; these branches are derived from the vertebral and ascend-

ing cervical in the neck ; from the intercostal, in the dorsal region ; and from the

lumbar, ilio-lumbar, and lateral sacral arteries in the lower part ofthe spine, They
unite, by means of ascending and descending branches, to form a single anterior

median artery, which extends as far as the lower part of the spinal cord. This

vessel is placed beneath the pia mater along the anterior median fissure ; jt supplies

that membrane, and the substance of the cord, and sends off branches at its lower

part to be distributed to the cauda equina.

The posterior spinal arises from the vertebral, at the side of the medulla

oblongata
;
passing backwards to the posterior aspect of the spinal cord, it descends

on either side, lying behind the posterior roots of the spinal nerves ; and is re-

inforced 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 free anasto-

mosis round the posterior roots of the spinal nerves, and communicate, by means
of very tortuous transverse branches, with the vessel of the opposite side. At its

commencement, it gives off an ascending branch, which terminates on the side of

the fourth ventricle.

The inferior cerebellar oMery (fig. 218), the largest branch of the vertebral, winds
backwards round the upper part of the medulla oblongata, passing between the

origin of the spinal accessory and pneumogastric nerves, over the restiform body to

the under surface ofthe 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 cere-

bellum, as far as its outer border, where it anastomoses with the superior cerebellar.

Branches from this artery supply the choroid plexus of the fourth ventricle.

The Basilar artery, so named from its position at the base of the skull, is a

single trunk formed by the junction of the two vertebral arteries ; it extends from

the posterior to the anterior border of the pons Varolii, where it divides into two
terminal branches, the posterior cerebral arteries. Its branches are, on each side,

the following

:
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Transverse. Superior cerebellar.

Anterior cerebellar. Posterior cerebral.

The transverse branches supply the pons Varolii and adjacent parts of the

brain ; one (internal auditory) accompanies the auditory nerve into the internal

auditory meatus ; and another, of larger size, passes along the crus cerebelli, to

be distributed to the anterior border of the under surface of the cerebellum. It is

called the anterior inferior cerebellar artery.

The superior cerebellar arteries arise near the termination of the basilar. They
vrind 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
anastomose with the inferior cerebellar. Several branches are given to the pineal

gland, and also to the velum interpositum.

The posterior cerebral
,
arteries, the two terminal branches of the basilar, are

larger than the preceding, from which they are separated near their origin by the

third nerves. Winding round the crus cerebri, they pass to the under surface of

the posterior lobes of the cerebrum, which they supply, anastomosing with the

anterior and middle cerebral arteries. Near their origin, they receive the

posterior communicating arteries from the internal carotid, and give off numerous
branches, which enter the posterior perforated space : they also give off a branch,

the posterior choroid, which supplies the velum interpositum and choroid plexus,

entering the interior of the brain beneath the posterior border of the corpus callosam.

Circle of Willis. The remarkable anastomosis which exists between the branches

of the internal carotid and vertebral arteries at the base of the brain, constitutes

the circle of Willis. It is formed, in front, by the anterior cerebral and anterior

communicating arteries ; on each side, by the trunk of the internal carotid, and the

posterior communicating ; behind by the posterior cerebral, and point of the

basilar. It is by this anastomosis that the cerebral circulation is equalised, and

provision made for effectually carrying it on if 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.. 211) is a short thick 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

three branches, the inferior thyroid, suprascapular, and transversalis colli.

The Infeeioe Thyroid Artery passes upwards, in a serpentine course, behind

the sheath of the common carotid vessel and sympathetic nerve (the middle

cervical ganglion resting upon it), and is distributed to the under surface of the

thyroid gland, anastomosing with the superior thyroid, and with the correspond-

ing artery of the opposite side. Its branches are the

Laryngeal. CBsophageal.

Tracheal. Ascending cervical.

The laryngeal branch ascends upon the trachea to the back part of the larynx,

and supplies the muscles and mucous membrane of this part.

The traclieal branches are distributed upon the trachea, anastomosing below

with the bronchial arteries.

The cesophageal branches are distributed to the oesophagus.

The ascending cervical is a small branch which arises from the inferior thyroid,

iust where that vessel is passing behind the common carotid artery, and runs up

the neck in the interval between the Scalenus anticus and Rectus anticus major.

It o-ives branches to the muscles of the neck, which communicate with those sent

out from the vei'tebral, and sends one or two through the intervertebral foramina,

along the cervical nerves, to supply the bodies of the vertebrse, the spinal cord,

and its membranes.

The Suprascapular Artery, smaller than the transversalis colli, passes ob-

liquely from within outwards, across the root of the neck. It at first lies on
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tbe lower part of the Scalenus anticus, being covered by the Sterno-mastoid
; it

then crosses the subclavian artery, and runs outwards behind and parallel with

the clavicle and Subclavias muscle, and beneath the posterior belly of the Omo-
hyoid, to the superior border of the scapula, where it passes over the transverse

ligament of the scapula, to the supraspinous fossa. In this situation it lies close

to the bone, and ramifies between it and the Supraspinatus muscle, to which it is

mainly distributed, giving oiF 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, and neighbouring muscles, it gives off a supra-acromial branch, which,

piercing the Trapezius muscle, supplies the cutaneous surface of the acromion,

anastomosing with the acromial thoracic arfceiy. As the artery passes over the

transverse ligament of the scapula, a branch descends into the subscapular fossa,

220.—The Scapular and Circumflex Arteries.

ramifies beneath that muscle, and anastomoses with the posterior and subscapular

arteries. It also supplies the shoulder-joint.

The Transveesalis Colli passes transversely outwards, across the upper part

of the subclavian triangle, to the anterior margin of the Trapezius muscle, beneath

which it divides into two branches, the superficial cervical, and the posterior

scapular. In its passage across the neck, it crosses in front of the Scaleni muscles

and the brachial plexus, between the divisions of which it sometimes 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.

The posterior scapular, the continuation of the transversalis colli, passes beneath

the Levator anguli scapulae to the posterior angle of the scapula, and descends

along the posterior border of 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 these, the Latissimus dorsi and
Trapezius, and anastomosing with the suprascapular and subscapular arteries, and
with the posterior branches of some of the intercostal arteries.

Peculiarities. The superJKial cervical frequently arises as a separate branch from the

tbyroid axis ; and the posterior scapular, from the third, more rarely from the second, part of
the subclavian.
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The Internal Mammary arises from the Tincler surface of the first portion of

the subclavian artery, opposite the thyroid axis. It descends behind the clavicle

to the inner surface of the anterior wall bf the chest, resting upon the costal

cartilages a.short distance from the margin of the sternum; and, at the interval

between the sixth and seventh cartilages, divides into two branches, the musculo-

phrenic, and superior epigastric.

At its origin, it is covered by the internal jugular and subclavian veins, and

crossed by the phrenic nerve. In the upper part of the thorax, it lies upon 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 sterni separates

the artery from the pleura. It is accompanied by two veins, which join at the

upper part of the thorax into a single trunk.

The branches of the internal mammary are^—
Comes nervi phrenici (superior phrenic). Anterior Intercostal.

Mediastinal. Perforating.

Pericardiac. Musculo-phrenic.

Sternal. Superior epigastric.

The comes nervi phrenici (superior phrenic)., is a long slender branch, which

accompanies th,e 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 in the anterior mediastinum, and the remains of the thymus gland.

The pericardiac tranches supply the upper part of the pericardium., the lower

part receiving branches from the musculo-phrenic artery. Some sternal branches

are distributed to the Triangularis sterni, and both surfaces of the sternum.

Tte anterior intercostal arteries supply the five or six upper intercostal spaces.

The branch corresponding to each space passes outwards, and soon divides into

two, which, run along the opposite borders of the ribs, and inosculate with the

intercostal arteries from the aorta. They are at first situated between the pleura

and the internal Intercostal muscles, and then between the two layers of those

muscles. They supply the Intercostal and Pectoral muscles, and the mammary gland.

The perforating arteries coiTCspond to. the five or six upper intercostal spaces.

They 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 first three spaces, are distributed to the mammary
gland. In females, during lactation, these branches are of large size.

The nmscvlo-phrenic artery is directed obliquely downwards and outwards,

behind the cartilages of the false ribs, perforating the Diaphragm at the eighth or

ninth rib, and terminating, considerably reduced in size, opposite the last inter-

costal space. It gives ofE anterior intercostal arteries to each of the intercostal

spaces across which it passes ; these diminish in size as the spaces decrease in

length, and are distributed in a manner precisely similar to the anterior intercostals

from the internal mammary. The musculo-phrenic also gives branches backwards
to the Diaphragm, and downwards to the abdomina,! muscles.

The superior epigastric continues in the original direction of the internal

mammaiy, descends behind the Rectus muscle, and, perforating its sheath, divides

into, branches which supply the Rectus, anastomosing with the epigastric artery

from the external iliao. Some vessels perforate the sheath of the Rectus, 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 Superior Intercostai, (fig. 216) arises from the upper and back part of

the subclavian artery, behind the anterior 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
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first two ribs, and inosculates with the first aortic intercostal. In the first inter-

costal 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 intercostal space

usually joins with one from the first aortic intercostal. Each intercostal gives ofi"

a branch 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 hranch {profunda cermcis) arises, in most cases, from the

superior intercostal, and is analogous to the posterior branch of an aortic inter,

costal artery. Passing backwards, between the transverse process of the seventh

cervical vertebra and the first rib, it rans 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 ai'teria princeps cervicis of the

occipital, and with branches which pass outwards from tlie vertebral.

Surgical Anat&my of the Axilla.

The Axilla is a pyramidal space, situated between the upper and lateral part of

the chest, and the inner side of th© arm.

Boundai-tes. Its apex, which is directed upwards towards the root of the neck,

corresponds to the interval between the two soaleni muscles on the first rib. The
hase, directed downwards, is formed by the integnment, 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 aiderior boundary 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 Sub-

scapularis above, the Teres major and Latissimus. dorsi below. On the inner side,

are the first four ribs with their corresponding Intercostal muscles, aiid part of the

Serratus magnus. On the outer side, where the aaterior and posterior boundaries,

converge, the space is narrow, and bounded by the humerus, the Coraco-brachiajis.

and Biceps muscles.

Contents. This space contains the axillary vessels, and brachial plexus of nerves,

with their branches, some branches of the intercostal nerves, and a large number of

lymphatic glands, all connected together by a quantity of fat and loose areolar tissue.

TJieir 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 altogether 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 muscle, is the dor-

salis scapulae artery and veins ; and towards the outer extremity of the muscle,

the posterior circumflex vessels and the circumflex nerve are seen curving back-

wards 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

thoracic artery. There are some important nerves, however, in this situation,

viz., the posterior thoracic or external respiratory nerve, descending on the surface

of the Serratus magnus, to which it is distributed ; and perforating the 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 cavity of the axilla is filled by a quantity of loose areolar tissue, a large

number of small arteries and veins, all of which are, however, of inconsiderable

size, and numerous lymphatic glands ; these are from ten to twelve in number, and

situated chiefly on the thoracic side, and lower and back part of this space.

BB
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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 remove a tumour from this

situation. In performing such 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 wounded. Towards the posterior wall,

it will be necessary to avoid the subscapular, dorsalis scapulas, and posterior

22 1 .—The Axillary Arterj^, and its Branches.

circumflex vessels, and, along the anterior wall, the thoracic branches. It is only

along the inner 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.

The AxiLLAKT Aetery.

The axillary arter'y, the continuation of the subclavian, commences at the

lower border of the first rib, and terminates at the lower border of the tendons of

the Latissimus dorsi and Teres major muscles, 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 situated, but near its termination is superficial, being covered only by the

skin and fascia. The description of the relations of this vessel is facilitated by
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its division into tlu-ee portions : the first portion being tlnat above the Pectoralis

minor ; the second portion, behind ; and the third below, that muscle.

The first jJortion of the axillary artery is in relation, in front, with the cla-

vicular portion of the Pectoralis major, the costo-coracoid membrane, the Sub-

clavius, and the cephalic vein ; behind, with the first intercostal space, the corre-

sponding Intercostal muscle, the first serration of the Serratus magnus, and the

posterior thoracic nerve ; on its outer side, vrith the brachial plexus, from which it

is separated by a little cellular interval ; on its inner, or thoracic side, with the

axillary vein.

Relations of the First Portion op the Axillary Artery.

In front.

Pectoralis major,

Costo-coracoid membrane

,

Subclavius.

Cephalic vein,

Outer side. I

lf^"j7
|

Inner side.

Bi-acliial plexus. \
^^'-s' portion, I Axillary vein,

Behind.

First Intercostal space, and intercostal muscle.
First serration of Serratus magnus.
Posterior thoracic nerve.

The second ^Jortion of the axillary artery lies behind the Pectoralis minor. It

is covered, in front, by the Pectoralis major and minor muscles ; behind, it is sepa-

rated from the Subscapularis by a cellular interval ; on the inner side is the axillary

vein. The brachial plexus of nerves surrounds the artery, and separates it from
direct contact with the vein and adjacent muscles.

Relations of the Second Portion of the Axillary Artery.

Infront.

Pectoralis major and minoi".

Outer side.

Outer cord of plexus.
[ secotif.Srtinn. )

AxiUaryvein
Inner cord of plexus.

Behind.

Subscapularis.

Posterior cord of plexus.

The third portion of the axillary artery lies below the Pectoralis minor. It is

in relation, in front, v?ith the lower part of the Pectoralis major above, being

covered only by the integument and fascia below ; behind, with the lower part of

the Subscapularis, and the tendons of the Latissimus dorsi and Teres major ; on
its Older side, with the Coraco-brachialis ; on its inner, or thoracic side, with the

axillary vein. The 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

musculo-cutaneous for a short distance ; on the inner side, the ulnar, the internal,

and lesser internal cutaneous nerves ; and behind, the musculo-spiral, and circum-

flex, the latter extending only to the lower border of the Subscapularis muscle.
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Relations of the Thied Portion op the Axillary Artery.

In front.

Integument and fascia.

Pectoralis major.

Outer side. / \ Inner side.

Coraco-brachialia. / A^te?7 |

Ulnar nerve.

Median nerve, \ Tbirdportion. I Internal cutaneous nerves.

Musculo-cutaneous nerve. \ / Axillary vein.

Behind.
Su'bscapularis.

Tendons of Latissimus dorsi and Teres major.

Musculo-spjral, and circumflex nei-ves.

Peculiarities. The axillary artery, in about one case out of every ten, 'gives off a large

brancb, wMcli 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 (i in 33), sometimes the

ulnar (i in 72), and, very rarely, the interosseous ( i in 506). In the second set of cases, the

timnk has been found to give origin to the subscapular, circiunflex, and profunda arteries of

the arm. Sometimes, only one of the circumflex, or one of the profunda arteries, arose from
the trLmk. In these cases, the brachial plexus surrounded the trunk of tie branches, and
not the main vessel.

Surgical Anatomy. The student, having carefully examined the relations of the axiUary

aa-tery in its various parts, should now consider in what situation compression of this vessel

may be most easily effected, and the best position for the application of a ligature to it when
necessary.

Co7npression of the vessel is required in the removal of tumom's, or in amputation of the

upper part of the arm ; and the only situation in which this can be effectually made, is in

the lower part of its coiu'se ; by pressing on it in this situation from within outwards against

the humerus, the circidation may be effectually arrested.

The aj>plication of a ligature to the axillary artery may be required in -cases of aneurism
of the upper part of the brachial ; 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 part of its course, the operation is most simple, and may be performed in

the foUomng manner :—The patient being placed on a bed, and the arm separated from
the side, with the hand supinated, the head of the humerus is felt for, and an incision made
through the integument over it, about two inches in length, a little nearer to the anterior

than the posterior fold of the axilla. After carefully dissecting through the areolar tissue

and fascia, the median nerve and axillary vein are exposed ; the former having been dis-

placed to the outer, and the latter to the inner side of the arm, the elbow being at the same
time bent, so as to relax the structures, and facilitate their separation, the ligature may
be passed roimd the artery from the ulnar to the radial side. This portion of the artery is

occasionally crossed 'bj' a muscular slip derived from the Latissimus dorsi, which may mis-

lead the surgeon diu'ing an operation. The occasional existence of this muscular fasciculus

was spoken of in the description of the muscles. It may easily he recognised by the trans-

verse direction of its fibres.

The first portion of the axiUary artery may be tied in cases of aneurism encroaching so

far upwards that a ligature cannot be applied in the lower part of its course. Notwith-
standing that this operation has been performed in some few cases, and with success, its

performance is attended with much difficulty and danger. The student will remark that,

in this situation, it would be necessary to divide a thick muscle, and, after separating 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 ^ith it as must render the

application of a ligature to this part of the vessel particularly hazardous. Under such cir-

cumstances it is an easier, and, at the same time, more advisable operation, to tie the sub-

clavian artery in the third part of its course.

In a case of wound of the vessel, the general practice of cutting down upon, and tying it

above and below the wounded point, shoidd be adopted in all cases.

Collateral circulation after ligature of the axillary arte^-y. If the artery be tied above the

origin of the acromial thoracic, the collateral circulation wiU 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 subclavian, will become the chief agent in carrying on the

circuLatiou, to which the loug thoracic, if it be below the ligature, will materially contribute,
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by its anastomoses with the intercostal and internal mammary arteries. If the point included
in the ligature be below the origin of the subscapidar artery, the anastomoses are less free.
The chief agents in restoring the circidatiou, will he the posterior circumflex, by its anasto-
moses with the suprascapidar and acromial thoracic, and the communications between the
subscapular and superior profunda, which will be afterwards referred to as performing the
same office after ligature of the brachial. The eases in which the operation has been per-
formed are few in number, and no published account of dissection of the collateral circulation
appears to exist.

The branches of tbe axillary arter'y are,,

—

FromistFaH (
Superior thoracic.

[. Acromial thoracic.

Tf , 7 13 I f Thoracica lousa.
I< rom 2na fart < „, . _ ^.

[ ihoracica alans.

{Snbscapnlar.
Anterior circumflex.

Posterior circumflex..

The superior thoracis is a small artery,, which arises from the axillar)-

separately, or by aj common trunk with the acromial: th-oracic. Running forwards
and inwards along the nipper bordeiT' of the Pectoralis minor, it passes between it

and the Pectoralis major to the aide of the chest. It supplies these muscles, and
the parietes of the thorax, anastomosing with the internal mammary and inter-

costal arteries.

The acromial thoiracic is a short trunk, which arises from the fore part of the
axillary artery. Projecting forwards to the npper border of the Pectoralis minor,

it divides into thsee sets of branehes, thoracic, acromial, and descending. The
thoracic branches, two or thi-ee in number, are distributed to the Serratns 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 mnsde, and anastomosing, on the surface of the acromion,

with the suprascapular and posterior circumflex arteries. The descending branch

passes in the interspace between the Pectoralis major and Deltoid, accompanying
the cephalic vein,, and supplying both muscles.

The long thoracic passes- downwards and inwards along lilie 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 to

the axillary glands and Siibscapularis,, which anastomose with the intei"nal mammary
and intercostal arteries.

The thm-acica alaris is a small branch, which supplies the glands and areolar

tissue of the axilla. Its, place- is frecpently supplied by branches from some of the

other thoracic arteries.

The subscapular; the largest bracnch 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 posterior scapular, a branch of the subclavian. It distributes branches to

the Subscapularis, Serratus magnus, Teres major, and Latissimus dorsi muscles,

and gives off, about an inch and a half from its origin, a large branch, the dorsalis

scapulse, which curves round the inferior border of the scapula, leaving the axilla

in the interspace between the Teres minor above, the Teres major below, and the

long head of the Triceps- in front. Three branches, or sets of branches, arise from

the dorsalis scapulte : the first enters the subscapular- fossa, beneath the Sub-

scapularis, which it supplies, anastomosing with the posterior scapular and supra-

scapular arteries ; the second,, the trunk of the artery (dorsalis scaptdce) turns

round the axillary border of the scapula, and enters the infraspinous fossa, where

it anastomoses with the suprascapular and posterior scapular arteries ; and a third,

or median branch, is continued along the axillary border of the scapula, between

the Teres major and minor, and, at the dorsal surface of the inferior angle of the

bone, anastomoses with the posterior scapular.

The circumflex arteries wind round the neck of the humerus. The posterior cir-
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cumflex (fig. 220), the larger of the two, arises from the back part of the axillary

opposite the lower border of the Subscapularis muscle, and, jsassing backwards

with the circuniflex veins and nerve tbrongh 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 circumfies, suprascapular and acro-

mial thoracic arteries. The anterior circumflex {&gs. 220, 221), 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 gi'oove to sup-
22.—The Surgical Anatomy of the Brachial

Artery.
ply the head of the bone and the

shoulder-joint. The trunk of the

vessel is then continued outwards

beneath the Deltoid, which it sup-

plies, and anastomoses with the

posterior circumflex, and acromial

thoracic arteries.

Brachial Artery. (Fig. 222.)

The BracMal Artery commences
at the lower margin of the tendon

of the Teres major, and, jaassing

down the inner and anterior aspect

Oi the arm, terminates about half

an inch below the bend of the

elbow, where it divides into the

a^adial and ulnar arteries.

The direction of this vessel is

marked by a line dravvn from the

outer side -of the axillary space

between the folds of the axilla, to

a point midway between the con-

dyles of the humerus, which cor-

responds to the depression along

the inner border of the Coraco-

brachialis and Biceps muscles. In

the upper part of its course, the

artery lies internal to the humerus
;

but below, it is in front of that

Ibone.

Belalions. Tliis artery is super-

ficial throughout its entire extent^

being covered, in front, by the in-

tegument, the superficial and deep

fascia ; the bicipital fascia separates

it opposite the elbow from the me-
dian basilic vein ; the median nerve

crosses it at its middle ; and the

basilic vein lies in the lime of the

artery, but separated from it by the fascia, in the lower half of its course. 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 inter-

vening
;
and from the front of the bone below, by the insertion of the Coraco-

brachialis muscle, and by the Brachialis anticus. By its outer side, it is in relation
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witli tlie commencement of tlie median nerve, and the Coraco-brachialis and Biceps
muscles, which 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. It is accomjaanied by two venas comites, which lie in close contact

with the artery, being connected together at intervals by short transverse com-
municating branches.

Plan of the Relations op the Brachial Akteet.

In front.

Integument and fascite.

Bicipital fascia, median basilic vein.

Median nerve.

Outer side. / \ Inner side.

Median nerve. ( ''i™,.';'?.'!''
| Internal cutaneous and ulnar nerve.

Coraco-brachialis. \
'

/ Median nerve.

Behind,

Triceps.

Musculo-spiral nerve.

Superior profunda artery.

Ooraco-brachialis.

Brachialis anticus.

Bend op the Elbow.

At the bend of the elbow, the brachial artery sinks deeply into a triangular

interval, the base of which is directed upwards towards the humerus, and the sides

of which are bounded, externally, by the Supinator longus ; internally, by 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 coronoid process of the ulna 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 with the artery by the

bicipital fascia. Behind, it lies on the Brachialis anticus, which separates it from
the elbow-joint. The median nerve lies on the inner side of the artery, but sepa-

rated from it below by an interval of half an inch. The tendon of the Biceps

lies to the outer side of the space, and the musculo-spiral nerve still more externally

lying upon the Supinator brevis, and partly concealed by the Supiaator longus.

Peculiarities of the Arten/ as reffai-ds its Course. The brachial artery, accompanied by the

median nerve, may leave the inner border of the Biceps, and descend towards the inner

condyle of the humerus, where it usually curves round a prominence of bone, to which it is

connected by a fibrous band ; it then inclines outwards, beneath or throiig-h the substance

of the Pronator teres muscle, to the beud of the elbow. The variation 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.

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 peculiaritjf occm's

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 most frequent. Out of 481 examinations recorded by Mr. Quaua, some
made on the right, and some on the left side of the body, in 386 the artery bifurcated in its

normal position. In one case only was the place of division lower than usual, being two or

three inches below the elbow-joiut. ' In 94 cases oiit of 481, or about one in 5^, there were
two arteries instead 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 irregular division ; for in sixty-one bodies it occurred on one side only

in forty-three ; on both sides, in different positions, in thirteen ; on both sides, in the same
position, in five.

The point of bifurcation takes place at different parts of the arm, being most frequent in
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the upper part, less so in the lower part, and least so in the middle, the most usual point for

the apphcation of a ligature ; under any of these circumstances, two large arteries would he

found in the arm instead of one. The most frequent (in three out of four) of these pecu-

liarities is the high diTision of the radial. That artery often arises from the inner side of

the brachial, and runs parallel with the main trunk to the elhow, where it crosses it, lying

beneath thtt fascia ; or it may perforate the fascia, and pass over the artery immediately

beneath the integument.

The ulnar sometimes arises from the brachial high up, 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 integument and deep fascia, and very rarely beneath the Flexor muscles.

The interosseous artery sometimes a,rises from the upper part of the brachial or axillary

:

as it passes d ovra the arm, it lies behind the main trmik, and, at the bend of the elbow,

regains its usual position.

In some cases of high division of the radial, the remaining trunk (ulnar-interosseous)

occasionally passes, together with the median nerve, along the inner margin of the arm to

the inner condjde, and then passing from within outwards, beneath or through the Pronator

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 aberrantia, 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 Muscular Relations. * The brachial artery is occasionally concealed, in some part

of its course, by muscular or tendinous slips derived from various sources. In the upper
third of the arm, the brachial vessels and median nerve have been seen concealed, to the

extent of three inches, by a muscular laj-er of considerable thickness, derived from the Coraco-
braohialis, which passed round to the inner side of the vessel, and joined the internal head of

the Triceps. In the lower half of the arm the artery is occasionally concealed by a broad
thin head to the Biceps muscle. A narrow fleshy slip from the Biceps has been seen to

cross the artery, concealing it for an inch and a half, its tendon ending in the aponeurosis

covering the Pronator teres. A muscular and tendinous slip has been seen to arise from the

external bicipital ridge by a long tendon, cross obliquely behind the long tendon of the

Biceps, and end in & fleshy belly, which appears on the inner side of the arm between
the Biceps and Ooraco-brachialis, passes down along the inner edge of the former, and crosses

the artery very obliquely, so as to lie in front of it for three inches, and, finally, gives rise to

a narrow flattened tendon, which is inserted into the aponeurosis over the Pronator teres.

A tendinous slip, arising from the deep part of the tendon of the Pectoralis major, has been-

seen to cross the artery obliquely at or below the Ooraco-brachialis, and join the intermuscular

septum above the inner condyle. The Brachialis anticus not unfrequently projects at the

outer side of the artery, and occasionally overlaps it, sending inwards, across the artery, an
aponeurosis which binds the vessel down upon the Brachialis anticus. Sometimes, a fleshy

slip from the muscle covers the vessel, in one case to the extent of three inches. In some
eases of high origin of the Pronator teres, an aponem-osis extends from it to join the

Brachialis anticus external to the artery ; a kind of arch being thus formed under which the

principal artery and median nerve pass, so as to be concealed for half an inch above the

transverse level of the condyle.

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 maj'

be efiected in almost any part of the course 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 backwaids, as the artery lies on the inner side of the humerus above, and
in front of it below. The most favourable situation is near the insertion of the Ooraco-
brachiali-s.

The application of a ligature to the brachial artery may be required in cases of wounds 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 course. The chief guides in determining its position are the
surface-markings produced by the inner margin of the Ooraco-brachialis and Biceps, the known
CDurse of the vessel, and its pulsation, which should be carefully felt f<jr before any operation

is performed, as the vessel occasionally deviates from its usual position in the arm. In what-
ever 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 laj'er 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 manner :—The
patient being placed horizontally upon a table, the affected limb should be raised from the

side, and the hand supinated. An incision about two inches in length should be made on the

* See Stktjthbks's Anatomical and Physiological Observations.
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ulnar side of the Ooraco-braohialis muscle, and the suhjacent fascia cautiously divided, so as

to avoid wounding tlie internal cutaneous nerve or basilic vein, which sometimes run 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 beino; occasionally superficial to the artery in

this situation, and that the venfe comites are also m relation with the vessel, one on either

side. These being carefully separated, the aneurism needle should be passed round the artery

from the idnar to the radial 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 commu-
nicates with the wound or aneurism, when a ligatm-e may be applied accordingly : or if

pidsation or hoemorrhage ceases onlj' when both vessels are compressed, both vessels may
be tied, as it may 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 found 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, the median nerve
will be exposed Ijang upon the artery (sometimes beneath) ; this being drawn inwards and
the muscle outwards, the artery should be separated from its accompanying veins and
secured. In this situation the inferior profimda may be mistaken for the main trunk,

especially if enlarged, from the collateral circulation having become established ; this may
be avoided by directing the incision externally towards the Biceps rather than inwards or
backwards towards the Triceps.

The Imvei- part of the hrnchial aHery is of extreme interest in a surgical point of view,

on account of the relation wliich it bears to the veins most commonly opened in venesectiou.

Of these vessels, the median basilic 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, from which it is separated by the bicipital fascia, and that in no
case should this vessel h& selected for venesection, except in a part which is not in contact

with the artery.

Collateral Circulation. After the application 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
sxibscapular 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 profundse, anastomosing with the recurrent radial, ulnar, and interosseous

arteries. In two cases described by Mr. South,* in which the brachial artery had been tied

some time previously, in one ' a long portion of the artery had been obliterated, and sets of

vessels are descending on either side from above the obliteration, to be received into othera

which ascend in a similar manner from below it. In the other, the obliteration is less exten-
sive, and a single cm'ved artery about as big as a crow-quill passes from the upper to the
lower open part of the artery.'

The branches of the brachial artery are the

Superior profunda. Inferior profunda.

Nutrient artery. Anastomotica magna.
Muscnlar.

The superior profunda arises from the inner and back part ofthe brachial, oppo-
site the lower border of the Teres major, and passes backwards to the interval

between the outer and inner heads of the Triceps muscle, accompanied by the
mnsculo-spiral nerve ; it winds round the back part of the shaft of the humems in

the spiral groove, between the Triceps and the bone, and descends on the outer
side of the arm to the space between the Brachialis anticus and Supinator longus
as far as the elbow, where it anastomoses with the recurrent branch of the radial

artery. It supplies the Deltoid, Coraco-brachialis, and Triceps muscles, and whilst

in the groove between the Triceps and the bone, it gives off the posterior articular

artery, which descends perpendicularly between the Triceps and the bone, to the

of the

Ohelius' Surffen/, vol. ii. p. 254. See also White's engi-aving referred toby Mr. South,
i anastomosing branches after ligature of the brachial, in White's Cases in Surqerv.•gery.

Porta also gives a case (with drawings) of the circulation after ligature of both brachial and
radial.

—

Alteruzioni Patoloqiche delle Arterie.
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back part of the elbow-joint, where it anastomoses with the interosseous recurrent

branch, and, on the inner side of the arm, with the posterior ulnar recurrent, and
with the anastomotica magna or inferior profunda (fig. 225).

The mdrient artenj of the shaft of the humerus arises from the brachial, about

the middle of the arm. Passing downwards, it enters the nutrient canal of that

bone, near the insertion of the Coraco-brachialis muscle.

The inferior profunda, of small size, arises from the brachial, a little below the

middle of the arm
;
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 by ana-

stomosing 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, an ofiset passes between the internal

condyle and olecranon, which anastomoses with the inferior profunda and posterior

ulnar recurrent arteries. Other branches ascend to join the inferior profunda

;

and some descend in front of the inner cojidyle, to anastomose with the anterior

ulnar recurrent.

The muscular are three or four large branches, which are distributed to the

muscles in the course of the artery. They supply the Coraco-brachialis, Biceps,

and Brachialis anticus muscles.

The Anastomosis around the Elbow-joint (fig. 225). The vessels engaged in this

anastomosis may be conveniently divided into those situsitedni front and behind the

Internal and External Condyles. The branches anastomosing in front of the In-

ternal condyle are :—The anastomotica magna, the anterior ulnar recurrent, and

the anterior terminal branch of the inferior profunda. Those behind the Internal

Condyle are :—The anastomotica magna, the posterior ulnar recurrent, and the pos-

terior terminal branch of the inferior profunda. The branches anastomosing in

front of the External Condyle are :—The radial recurrent and the termination of

-the superior profunda. Those behind the External Condyle (perhaps more pro-

perly described as being situated between the external condyle and the olecranon)

are :—The anastomotica magna, the interosseous recurrent, and the posterior

articular branch of the superior profunda. There is also a large arch of ana-

stomosis above the olecranon formed by the interosseous recurrent, joining with

the anastomotica magna and posterior ulnar recurrent (fig. 225).

From this description it will be observed that the anastomotica magna is the

vessel most engaged, the only part of the anastomosis in which it is not employed

being that infront of the external condyle.

Radial Aeteky.

The Badial Artery appears, from its direction, to be the continuation of the

brachial, but, in size, it is smaller than the ulnar. It commences at the bifurca-

tion of the brachial, just below the bend of the elbow, and passes along the i-adial

side of the forearm to the wrist ; it then winds backwards, round the outer side of

the carpus, beneath the extensor tendons of the thumb, and, finally, passes for-

wards 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 relations of this vessel may thus be conve-

niently divided into three parts, viz., in the forearm, at the back of the wrist, and

in the hand.

Belations. In the forearm, this vessel extends from opposite the neck of the
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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 superficial throughout its

entire extent, being covered by the integument, the superficial and deep fascia,

and slightly overlapped above by the Supinator longus. In its course downwards,

it lies upon the tendon of the Biceps, the Supinator brevis, the Pronator radii teres,

the radial origin of the Flexor sublimis digitorum, the Flexor longus polliois, the

Pronator quadratus, and the lower extremity of the radius. In the upper third

of its course, it lies between the Supinator longus and the Pronator radii teres
;

in its lower two-thirds, between the tendons of the Supinator longus and the

Flexor carpi radialis. The radial nerve lies along the outer eide of the artery

in the middle third of its course ; and some filaments of the muscnlo-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 venas oomites throughout

its whole course.

Plan of the Relations of the Radial Aetekt in the Fokeaem.

Infi-ont.

Integ-umeiit—superficial and deep fasciae.

Supinator longus.

Inner side.

Pronator radii teres. I ^^irS j
Supinator lonof'-is.

Plexor carpi radialis. \
' / Piadial nerve (middle third).

Behiiul.

Tendon of Biceps.

Supinator hrevis.

Pronator radii teres.

Flexor sublimis digitorum.

Flexor longus poUicis.

Pronator quadratus.

Radius.

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,

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 fii'st 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 flexor tendons of the fingers, the

Lumbricales, the muscles of the little finger, and the Flexor brevis pollicis, and is

accompanied by the deep branch of the ulnar nerve.

Peculiarities. The origin of the radial artery varies in the proportion nearly of one in

eight cases. . In one case the origin was lower than usual. In the other cases, the upper

part of the brachial was a more frequent som'ce of origin than the axillary. The varia-

tions in the position of this vessel in the arm, and at the heud of the elhow, have been

already mentioned. In the forearm it deviates less frequently from its position than the

ulnar. It has been found lying over the fascia, instead of beneath it. It has also been

observed on the surface of the Supinator longus, instead of along its inner border : and in

turning rormd the wrist, it has been seen lying over, instead of beneath, the Extensor tendons.

Surgical Anatomy. The operation of tying the radial artery is required in cases of wounds
either of its trunk, or in some of its branches, or for aneurism : and it will he observed, that

the vessel may he exposed in any part of its com-se through the forearm without the division

of any muscular fibres. The operation in the middle 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

and Pronator teres muscles.
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To tie the artery in the upper third, an incision three inches in length should he made
throuoh the inten^uraent, from the hend of the elbow obliquely downwards and outwards, on

the radial side of the forearm, 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 venoe comites

.should be carefully separated from 223.—The Surgical Anatomy of the Radial and
the vessel, and the ligature passed Ulnar Arteries,

from the radial to the ulnar side.

In the middle third of the

forearm the artery may be ex-

posed by making an incision of

similar length on the inner mar-

gin of the Supinator longus. In

this situation, the 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 fasciiE 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

throe groups, corresponding

with the three regions in

which the vessel is situated.

C Radial recurrent.

Inihe J Muscular.

Furearm. 1 Superficialis volas.

L Anterior carpal,

f Posterior carpal.

J Metacarpal.

I
Dorsales pollicis.

LDorsalis indicis.

fPrinceps pollicis.

Hand. J Radialis indicis.

I

Perfoi'ating.

I- Intei-osseons.

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 anticns, sup-

plying these muscles apd the

elbow-joint, and anastomosing

with the terminal branches of

the superior profunda.

The muscular branches are

distributed to the muscles on

the radial side of the forearm.

The superficialis voice arises

from the radial artery, just

where this vessel is about to

wind round the wrist. Run-

IfraiicJi •f Vitu^
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niiig forwards, it passes between the muscles of the thamb, which it sapplies, and

sometimes anastomoses with the termination of the uhiar artery, completing the

superficial palmar arch. This vessel varies considerably in size ; usually it is very

small, and terminates in the muscles of the thumb ; sometimes it is as large as

the continuation of the radial.

24.—Ulnar and Kadial Arteries.

Deep View.

The carpal branches supply the

joints of the wrist. The anterior

carpal is a small vessel which arises

from the radial artery near the

lower border of the Pronator qua-

dratus, and, running inwards in

front of the radius, anastomoses

with the anterior carpal branch of

the ulnar artery. From the arch thus

formed, branches descend to supply

the articulations of the wrist.

The posterior carpal is a small

vessel which arises from the radial

artery beneath the estensor 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.

It sends branches upwards, which

anastomose with the termination of

the anterior interosseous artery

;

other branches descend to the meta-

carpal spaces ; they are the dorsal

interosseous arteries for the third

and fourth interosseous spaces ; they

anastomose with the posterior per-

forating branches from the deep

palmar arch.

The metacarpal {first dorsal iii-

terosseous hrancli) arises beneath the

extensor tendons of the thumb,

sometimes with the posterior carpal

artery ; running forwards on the

second dorsal interosseous muscle,

it communicates, behind, with the

wAofVinar Corresponding perforating branch

of the deep palmar arch ; and, in

front, inosculates with the digital

branch of the superficial palmar

arch, and supplies the adjoining

sides of the index and middle

fingers.

The dorsales poUicis are two small

vessels which run along the side of

the dorsal aspect of the thumb.
They arise separately or occasion.

ally by a common trunk near the base of the first metacarpal bone.

The dorsalis indicis, also a small branch, runs along the radial side of the back

of the index finger, sending a few branches to the Abdnctor 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 Abductor pollicis,

along the ulnar side of the metacarpal bone of the thumb, to the base of the first

f CajyaJ
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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 cellular mem-
brane of the thumb.

The radialis indicis arises close to the preceding, descends between the Abductor
indicis and Adductor pollicis, and runs along the radial side of the index finger to

its extremity, where it anastomoses with the collateral digital artery from the

superficial palmar arch. At the lower border of the Adductor 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 Doi-sal interossei muscles, to inosculate with the dorsal interosseous

arteries.

The palmar interosseous, three or four in number, ai'e 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.

Ulnar Aeteri.

The JJlnwr Artery, the larger of the two subdivisions of the brachial, commences
a little below the bend of the elbow, and crosses the inner side of the forearm

obliquely inwards, to the commencement of its lower half; it then runs along its

«lnar border to the wrist, crosses the annular ligament on the radial side of the

pisiform bone, and passes across the palm of the hand, forming the superficial

palmar arch, which sometimes terminates by inosculating with the superficialis

vote.

Relations in the Forearm. In its tipper 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 Flexor profundus digitorum muscles. In the

lower half of the forearm, it lies upon the Flexor profundus, being covered by
the integument, the superficial and deep fascias, and is placed between the Flexor

carpi ulnaris and Flexor sublimis digitorum muscles. It is accompanied by two
vense 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.

Plan of Relations ok tee Ulnar Artery in the Forearm.

In front.

Superficial layer of iiexor muscles. 1 jy , jj

Median nerve. j
PP

Superficial and deep fasciae. Lower half.

Inner side. I tii,,^,. \ Outer side.

Flexor carpi ulnaris. ^^^^ '"
I

Flexor sublimis digitorum.

Ulnar nerve (lower two-thirds).

Behiml.

Brachialis anticus.

Flexor profundus digitorum.

At the wrist (fig. 223), the ulnar artery is covered by the integument and fascia,

and lies upon the anterior annular ligament. On its inner side is the pisifoi-m

bone. The ulnar nerve lies at the inner side, and somewhat behind the artery.

In the palm of the hand, the continuation of the ulnar artery is called the

superficial palmar arch ; it passes obliquely outwards to the interspace between
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tlie ball of tlio thumb and the index fingei', where it occasionally anastomoses

with the superficialis vote, and a branch from the radialis indicis, thus completing

the arch. The convexity of this arch is directed towards the fingers, its concavity

towards the muscles of the thumb. If the thumb be put at right angles to the

hand, the position of the superficial palmar arch will be roughly indicated by a line

drawn along the lower margin of the thumb across the palm of the hand : the deep

palmar arch is situated about a finger's breadth nearer to the carpus.

The superficial palmar arch is covered by the Palmaris brevis, the palmar fascia,

and integument ; and lies upon the annular ligament, the muscles of the little

finger, the tendons of the superficial flexor, and the divisions of the median and

ulnar nerves, the latter accompanying the artery a short part of its course.

Relations of the Superficial Palmar Arch.

In front.

Inteo-umeiit. / .
ulnar

Palmaris brevis.
\ Hand.

Behind.

Annular lijiament.

Artery in Origin of muscles of little finger.

Superficial flexor tendons.
Palmar fascia.

y
, Divisions of median and ulnar

Peculiarities. The ulnar artery has been found to vary in its origin nearly in the propor-

tion of one in thirteen cases, in one case arising lower than usual, about two or three inches

below the elbow, and in all the other cases much higher, the brachial being a more frequent

source of origin than the axillary.

Variations in the position of this vessel are more frequent than in the radial. When its

origin is normal, the course of the vessel is rarely changed. When it arises high up, it

is almost invariably superficial to the Flexor muscles in the foreann, lying commonly
beneath the fascia, more rarely between the fascia and integument. In a few cases, its

position was subcutaneous in the upper part of the forearm, subaponem-otic in the lower
part.

Surgical Anatomy. The application of a ligatme 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 their

division would be requisite in a case of recent wound of the artery in this situation, in order

to secure it, but imder no other circumstances. In the middle and lower third of the fore-

arm, this vessel may be easily secured b}^ making an incision on the radial side of the tendon

of the Flexor cai-pi ulnaris : the deep fascia being di\'ided, 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 vense 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 may be arranged in the following gToaps :
—

"Anterior ulnar recurrent.

Posterior ulnar recurrent.

f A.nterior interosseous.Forearm.
Interosseous s ,-, , . . ,

L Posterior interosseous.

- Muscular.

. f Anterior carpal.

\ Posterior carpal.

TT- , J Deep or communicating branch.
^'"''*-

I Digital.

The anterior ulnar recurrent (fig. 224) arises immediately below the elbow-

joint, passes upwards and inwards between the Bracbialis anticus and Pronator

radii teres, supplies those muscles, and, in front of the inner condyle, anastomoses

with the anastomotica magna and inferior profunda.

The posterior tdnar 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
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this process and the olecranon, it lies beneath the Flexor carpi ulnaris, ascending
between the heads of that muscle, beneath the ulnar nerve ; it supplies the neigh-

bouring muscles and joint,

225.—Arteries of the Back of the Forearm and Hand.
and anastoraoses with the

inferior profunda, anasto-

motica magna, and inter-

osseous recurrent arteries

(fig. 225).

The iiiterosseous artery

(fig. 224) is a short trunk,

about an inch in length,

and of considerable size,

which arises immediately

below the tuberosity of the

radius, and, passing back-

wards to the upper border

of the interosseous mem-
bi'ane, divides into two
branches, the anterior and
posterior interosseous.

The anterior iiiterosseous

passes down the forearm

on the anterior surface of

the interosseous mem-
brane, to which it is con-

nected by a thin aponeu-

rotic arch. It is accom-

panied by the interosseous

branch ofthe median nerve,

and overlapped by the con-

tiguous margins of the

Flexor pi-ofundus digito-

rum and Flexor longus

poUicis muscles, giving oft"

in this situation muscular

branches, and the nutrient

arteries of the radius and

ulna. At the upper border

of the Pronator quadratus,

a branch descends in front

of that muscle, to anasto-

mose in front of the carpus

with branches from the

anterior carpal and deep

palmar arch . The continu-

ation of the arteiy passes

behind the Pronator qua-

dratus (fig. 225), and,

piercing the interosseous

membrane, descends to the

back of the wrist, where it

anastomoses with the pos-

terior interosseous and the posterior carpal branches of the radial and ulnar arteries.

The anterior interosseous gives off a long, slender branch, which accompanies the

median nerve, and gives oS'sets to its substance. This, the median artery, is some-

times much enlarged.

The posterior interosseous artery passes backwards through the interval between
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the oblique ligament and the upper border of the interosseous membrane, and
runs down the back part of the forearm, between the superficial and deep layer

of muscles, to both of which it distributes branches. Descending to the back of

the wrist, it anastomoses with the termination of the anterior interosseous, and
with the posterior carpal branches of the radial and ulnar arteries. This artery-

gives off, near its oiigin, the interosseous -recurrent branch, a large vessel, which
ascends to the interval between the external condyle and olecranon, beneath the

Anconeus and Supinator brevis, anastomosing with a branch from the superior

profunda, and with the posterior ulnar recurrent, and anastomotica magna.

The muscular branches are distributed to the muscles along the ulnar side of the

forearm.

The carpal hranches are intended for the supply of the wrist-joint.

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, winding back-

wards beneath the tendon of the Plexor carpi ulnaris ; it gives off a branch which
passes across the dorsal surface of the carpus beneath the extensor tendons, anasto-

mosing with a corresponding branch of the radial artery, and forming the posterior

carpal arch ; it is then continued along the metacarpal bone of the Kttle finger,

forming its dorsal branch.

The deep or covvmunicatinrj branch (fig. 224) arises at the commencement of the

palmar arch, and passes deeply inwards between the Abductor ininim.i digiti and
Flexor brevis minimi digiti, near their origins ; it anastomoses with the termina-

tion of the radial artery, completing the deep palmar arch.

The digital branches (fig. 223), four in number, are given off from the convexity

of the superficial palmar arch. They supply the ulnar side of the little finger,

and the adjoining sides of the little, ring, middle, and index fingers ; the radial side

of the index finger and thumb being supplied from the radial artery. 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 arch. The digital

arteries on the sides of the fingers lie beneath the digital 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 matrix of the nail.

The Dbscejjding 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 commences at the lower border of the fourth dorsal ver-

tebra, on the left side, and terminates at the aortic opening in the Diaphragm, in

front of the last dorsal vertebra. At its commencement, it is situated on the left

side of the spine ; it approaches the median line as it descends ; and, at its termi-

nation, lies directly in front of the column. The direction of this vessel being

influenced by the spine, upon which it rests, it describes a curve which is concave

forwards in the dorsal region. As the branches given off" from it are small,

the diminution in the size of the vessel is inconsiderable. It is contained in the

back part of the posterior mediastinum, being in relation, in front, from above

downwards, with the left pulmonary artery, the left bronchus, the pericardium,

and the oesophagus ; behind, with the vertebral column, and the vena azygos

minor ; on the right side, with the vena azygos major, and thoracic duct ; on the

left side, with the left pleura and lung. The oesophagus, with its accompanying

nerves, lies on the right side of the aorta above : in ii-ont of the artery, in the

middle of its course; whilst, at its lower part, it is on the left side, on a plane

anterior to it.

CO
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PLA.N OF THE RELATIONS OF THE ThOBACIC AoETA.

Infront.

Left pulmonary artery.

Left bronchus.

Pericardium.

CEsophagus.

night side. / \ Left side.

(Esophao-us (above). (
Thoracic

I
Pleura.

TT 1 Aorta. r -tj. 1

Vena azygos major. \ / Lett lung.

Thoracic duct. \ / (Esophagus (below).

Behind.

Vertebral column.
Vena azygos minor.

Swyical 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
surround it on every side, it may be easily 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

vertebrae, with curvature of the spine ; whilst the irritation or pressure on the cord will give

rise to pain, either in the chest, back, or loins, with radiating pain in the left upper inter-

costal 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 tumom- extend forward, it may press

upoij and displace the heart, giving rise to palpitation and other symptoms of disease of that

organ ; or it may displace, or even compress, the ossophagus, causing pain and difficulty of

swallowing, as in strictm'e of that tube, and ultimately even open into it by idceration,

producing fatal htemorrhage. If the disease make way to either side, it may press upon the

thoracic duct ; or it may burst into the pleural cavitj', or into the trachea or lung ; and lastly,

it may open into the posterior mediastinum.

The aorta is, comparatively often, 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 purpose

;

it affords an interesting opportunity of observing the resources of the collateral circulation.

The course of the anastomosing vessels, by which the blood is brought from the upper to the

lower part of the artery, will be found well described in an account of two cases in the

Patlwlogical Transactions, vols. viii. and x. In the former (p. 162), Mr. Sydney Jones thus

sums up the detailed description of the anastomosing vessels. ' The principal communications

by which the circulation was canned on, were—Firstly, the internal mammary, anastomos-

ing 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 thjToid, by means of a branch about the size of an ordinary radial, formed a commu-
nication with the first aortic intercostal. Fourthly, the transversalis colli, by means of very

large communications with the posterior branches of the intercostals. Fifthly, the branches

(of the subclavian and axillary) going to the side of the chest were large and anastomosed

freely with th« 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 bl'ought 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.'

Beakches op the Thoeacic Aoeta.

Pericardiac. CEsophageal.

Bronchial. Posterior mediastinal.

Intercostal.

The pericardiac are a few small vessels, irregular in their origin, distributed to

the pericardium.
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The broiicJiial arteries are the nutrient vessels of the kings, and vary in number,

size, and origin. That of the right side arises from the first aortic intercostal, or

by a common trunk with the left bronchial, from the front of the thoracic aorta.

Those of the left side, usually two in number, arise from the thoracic aorta, one

a little lower than the other. Bach vessel is directed to the back part of the

corresponding bronchus, along which they run, dividing and subdividing upon
the bronchial tubes, supplying them, the cellular tissue of the lungs, the bronchial

glands, and the oesophagus.

The oisopliageal arteries, usually four or five in number, arise from the front of

the aorta, and pass obliquely downwards to the oesophagus, forming a chain of

anastomoses along that tube, anastomosing with the oesophageal branches of the

inferior thyroid 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 part of the aoi-ta. They are usually

ten in number on each side, the superior intercostal space (and occasionally the

second one) being supplied by the superior intercostal, a branch of the subclavian.

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

vertebrse, to the intercostal spaces, being covered by the pleura, the oesophagus,

thoracic duct, sympathetic nerve, and the vena azygos major ; the left passing

beneath the superior intercostal vein, the vena azygos minor, and sympathetic.

In the intercostal spaces, each artery divides into two branches ; an anterior, or

proper intercostal branch ; and a posterior, or dorsal branch.

The anterior hranch passes outwards, at first lying upon the External inter-

costal 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, divides, near the angle of that bone, into

two branches : of these the larger runs in the groove, on the lower border of

the rib above ; the smaller branch along the upper border of the rib below
;
passing

forward, they supply the Intercostal muscles, and anastomose with the anterior

intercostal branches of the internal mammary, and with the thoracic branches of

the axillary artery. 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 posterior or dorsal &rajic/t, ofeach intercostal artery, passes backwards to the

inner side of the anterior costo-transverse ligament, and divides into a spinal

branch, which supplies the vertebras, the spinal cord and its membranes, and a

muscular branch, which is distributed to the muscles and integument of the back.

The Abdominal Aorta. (Fig. 226.)

The Abdominal Aorta commences at the aortic opening of the Diaphragm, in

front of the body of the last dorsal vertebra, and, descending 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 divides into the two com-

mon iliac arteries. It diminishes rapidly in size, in consequence of the many large

* Prof. Lister, having acciuately examined 30 bodies in order to ascertain the exact point

of termination of this vessel, foimd 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.' St/st. of
Surg., edited by T. Holmes, 2nd ed. vol. v. p. 652.
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branches wiiicli it gives oiF. As it lies upon the bodies of the vertebras, 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.

Eelatiom. It is covered, in front, by the lesser omentum and stomach, behind
which are the branches of the cceliao axis, and the solar plexus ; below these, by
the splenic vein, the pancreas, the left renal vein, the transverse portion of the

226.—The Abdominal Aorta and its Branches.

diiodennm, the mesentery, and aortic plexus. Behind, it is separated from the

lumbar vertebrae by the left lumbar veins, the receptaoulum chyli, and thoracic

duct. On the right side, it is in relation with the superior vena cava (the right

cms of the Diaphragm being interposed above), the vena azygos, thoracic duct, and
right semilunar ganglion ; on the left side, with the sympathetic nerve, and left

semilunar ganglion.
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Plan op the Relations op the Abdominal Aorta.

In front.

Lesser omentum and stomach.
Branches of coeliac axis and solar plexus.

Splenic vein.

Pancreas.

Left renal vein.

Transverse duodenum.
Mesentery.

Aortic ple.xus.

Right side. X^^ ^~\

Right cms of Diaphragm. / \ Xe/i side.

Inferior vena cava. (
Abaominai \ .

Vena azygos.
'^'"•'''- Sympathetic nerve.

Thoracic duct. \ / Left semilunar ganglion.

Eight semilunar ganglion. \^ ^/
Behind.

Left lumbar veins.

Receptaculum chyli.

Thoracic duct.

Vertebral column.

Surgical Anatomy. Aneurisms of the abdominal aorta near the cceliac 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 vertebras, and forms a pulsating tumour,
that presents itself in the left hypochondriac or epigastric regions, accompanied by
symptoms of disturbance of the alimentary canal. Pain is invariably present, and is

usually 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 splanchnic nerves, and a sharp lancinating

pain, radiating along those branches of the lumbar nerves which are pressed on by the

tumour ; 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 the peritoneum, in the left hypochondriac region; or it may form a large

aneurismal sac, extending down as low as Poupart's ligament ; hfemorrhage 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 cceliac axis,

it 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 consti-

pation, 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 rarely, into

the duodenum ; it rarely extends backwards so as to affect the spine.

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 is often successfully tied. The vessel may be reached in several ways. In the

original operation, performed by Sir A. Cooper, an incision was 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 the mesentery, and the

vessel thus reached. Or either of the operations, described below, 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 consists in isolating the
; artery, in consequence of its great depth; but in the living subject, the emhaiTassment

resulting from the proximity of the aneurismal tumoui-, and the great probability of disease

I in the vessel itself, add to the dangers and difiiculties of this formidable operation so greatly,

1 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

I mammary and the epigastric ; by the free communication between the superior and inferior

I mesenteries, if the ligature were placed above the latter vessel ; or by the anastomosis between

I the inferior mesenteric and the internal pudic, when (as is more common) the point of

I, ligature is below the origin of the inferior mesenteric ; and possibly by the anastomoses of

1 the lumbar arteries with the branches of the internal iliac.

The circulation through the abdominal aorta may be commanded, in thin persons, by firm

f
pressure with the fingers. A tourniquet has been invented for this purpose, which is of the

t' greatest use in amputation at the hip-joint and some other operations.
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Bkanches of the Abdominal Aoeta.

Phrenic.

r Gastric. Renal.

Cceliac axis. J Hepatic. Spermatic.

I. Splenic. Inferior mesenteric.

Superior mesenteric. Lumbar.
Suprarenal. Sacra media.

The branches may be divided into two sets : i. Those supplying the viscera.

2. Those distributed to the walls of the abdomen.

V'isceral Brandies. Parietal Branches.

{Gastric. Phrenic.

Hepatic. Lumbar.
Splenic. Sacra media.

Superior mesenteric.

Inferior mesenteric.

Suprarenal. Renal. Spermatic.

CcELiAC Axis. (Fig- 227.)

To expose this arter3r, raise the liver, draw down the stomach, aad then tear through the

layers of the lesser omentum.

The Coeliac axis is a short thick trunk, about half an inch in length, which
arises from the aorta, opposite the margin of the Diaphragm, and, passing nearly

horizontally forwards (in the erect posture), divides into three large branches,

the gastric, hepatic, and splenic, occasionally giving off one of the phrenic

arteries.

Belations. It is covered by the lesser omentum. On the 7'ight side, it is in

relation with the right semilunar ganglion, and the lobus Spigelii ; on the left side,

with the left semilunar ganglion and cardiac end of the stomach. Below, it rests

upon the upper border of the pancreas.

The Gastric Aetery (Goronaria VentricuU), 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

aortic oesophageal arteries ; others supply the cardiac end of the stomach, inoscu-

lating with branches of the splenic artery : it then passes from left to right, along

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.

•The Hepatic Aeteet 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 cceliac

axis. It passes upwards to the right side, 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, which supply the cor-

responding lobes of that organ, accompanying the ramifications of the vena portse

and hepatic duct. The hepatic artery, in its course along the right border of the

lesser omentum, is in relation with the ductus communis choledochus and portal

veins, the duct lying to the right of the artery, and the vena portae behind.

Its branches are the

Pyloric.

ri ; J 1 T r Gastro-epiploica dextra.
b-astro-duodenalis. <; „ ..-,-,
p ,

• [ Pancreatico-duodenahs superior.
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The pyloric Tiranch arises from the hepatic, above thepylorus, descends to the

pyloric end of the stomach, and passes from right to left along its lesser cnrvatnre,

supplying it with branches, and inoscula(;ing with the gastric artery.

The gastro-chwdenalis (fig. 228) is a short but large branch, which descends

behind the dnodenum, near the pylorus, and divides at the lower border of the

stomach into two branches, the gastro-epiploica dextra and the pancreatico-

duodenalis superior. Previous to its division, it gives oif two or three small inferior

pyloric branches to the jiyloric end of the stomach and pancreas.

The gastro-ejnploica dextra runs from right to left along the greater cnrvatnre

of the 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

227.—The Ooeliac Axis and its Branches, the Liver having heen raised, and
the Lesser Omentum removed.

to supply both surfaces of the stomach, whilst others descend to supply the great

omentum.
The pancreatico-dwodenalis superior descends along the contiguous margins of

the duodenum and pancreas. It supplies both these organs, and anastomoses
with the inferior pancreatico-duodenal branch of the superior mesenteric artery.

In ulceration of the duodenum, which frequently occurs in connection with
severe bums, this artery may be involved, and death may occur from hemorrhage
into the intestinal canal.

The cystic artery (fig. 227), usually a branch of the right hepatic, passes upwards
and forwards along the neck of the gall bladder, and divides into two branches,
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one of wtich 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
cceliac axis, and is remarkable for the extreme tortuosity of its course. It passes
horizontally to the left side behind the upper border of the pancreas, accompanied
by the splenic vein, which lies below it; and, on arriving near the spleen, divides

228.—The Cceliac Axis and its Branches, the Stomach having been raised and
the Transverse Meso-colon removed.

into branches, some ofwhich enter the hilum of that organ to be distributed to its

structure, whilst others are distributed to the great end of the stomach.

The branches of this vessel are :

—

Pancreaticse parvee.

Pancreatioa magna.

Gastric (Vasa brevia).

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 off 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.

The gastric (vasa hrevia) consist of from fi.ve to seven small branches, which
arise either from the termination of the splenic artery, or fi-om its terminal
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Lranolies ; and passing from left to riglit, between the layers of tlie gastro-splenic

omentnm, are distributed to the great curvature of the stomach ; anastomosing

with branches of the gastric and gastro-epiploica sinistra arteries.

The gastro-fpiploica 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 dis-

tributes several branches to the stomach, which ascend upon both surfaces ; others

descend to supply the omentum.

SuPEEiOK Mesentebic Aeteey. (Fig. 229.)

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 meso-colon and
mesentery join : the artery will then be exposed, just as it issues from beneath the lower

border of the pancreas.

The SuPEEtOE Mesenteeic Aeteet supplies the whole length of the small

intestine, except the first part of the duodenum ; it also supplies the coecum,

ascending and transverse colon ; it is a vessel of large size, arising from the fore

part of the aorta, about a quarter of an inch below the cceliac axis ; being covered

at its origin 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

iliac fossa, where it terminates, considerably diminished in size. In its course it

forms an arch, the convexity of which is directed forwards and downwards to the

left side, the concavity backwards and upwards to the right. It is accompanied

by the superior mesenteric vein, and is surrounded by the superior mesenteric

plexus of nerves. Its branches are the

Inferior pancreatico-duodenal. Ileo-colic.

Vasa intestini tenuis. Colica dextra.

Colica media.

The inferior pancreaiico-duodenal is given off from the superior mesenteric

behind the pancreas, and is distributed to the head of the pancreas, with the trans-

verse and descending portions of the duodenum ; anastomosing vsdth the superior

pancreatico-duodenal artery.

The vasa intestini tenuis arise from the convex side of the superior mesenteric

artery. They are usually from twelve to fifteen in number, and are distributed to

the jejunum and ileum. They run parallel with one another between the layers of

the mesentery ; each vessel dividing into two branches, which unite with a similar

branch on each side, forming a series of arches, the convexities of which are

directed towards the intestine. From this first set of arches branches arise, 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 are constituted, diminishing in size the nearer they approach the intes-

tine. From the terminal arches numerous small straight vessels arise which

encircle the intestine, upon which they are distributed, ramifying thickly between

its coats.

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

the right iliac fossa, where it divides into two branches. Of these, the inferior

one inosculates with the lowest branches of the vasa intestini tenuis, from the

convexity of which branches proceed to supply the termination of the ileum, the

ccecum and appendix coeci, and the ileo-ccecal valve. The superior division

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 beneath the peritoneum to the middle of the

ascending colon, divides into two branches : a descending branch which inoscu-
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lates with the ileo-colic ; and an ascending branch, which anastomoses with the

coHca media. These branches form arches, from the convexity of which vessels

are distributed to the ascending colon. The branches of this vessel are covered

with peritoneum only on their anterior aspect.

The colica media arises from the upper part of the concavity of the superior

mesenteric, and, passing forwards between the layers of the transverse meso-colon,

divides into two branches : the one on the right side inosculating with the colica

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

to the transverse colon. The branches of this vessel lie between two layers of

peritoneum.

229.—The Superior Mesenteric Artery and its Branches.

Inferior Mesenteric Artery. (Fig. 230.)

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

of the colon, 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 ihacs. It passes downwards to the left iliac

fossa, and then descends, between the layers of the meso-rectum, into the pelvis.
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under tlie name of the superior hcemorrhoidal artery. It lies at first in close rela-

tion with the left side of the aorta, and then passes in front of the left common
iliac artery. Its branches are the

Colioa sinistra. Sigmoid.

Superior hasmorrhoidal.

230.—The Inferior Mesenteric and its Branches.

The colica sinistra passes behind the peritoneum, in front of the left kidney,

to reach the descending colon, and divides into two branches : an ascending

branch, which inosculates with the colica media
; and a descending branch, which

anastomoses with the sigmoid artery. From the arches formed by these inoscu-

lations, 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

the intestine ; anastomosing above, with the colica sinistra ; and below, with the

superior hemorrhoidal artery. This vessel is sometimes replaced by three or four

small branches.

The superior hcemorrJwidal artery, the continuation of the inferior mesenteric,

descends into the pelvis between the layers of the meso-rectum, crossing, in its

course, the ureter, and left common iliac vessels. Opposite the middle of the

sacrum, it divides into two branches, which descend one on each side of the rectum,

where they divide into several small branches, which are distributed between the

mucous and muscular coats of that tube, nearly as far as its lower end ; anasto-
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mosing witli eacli other, with tlie middle hEemorrhoidal arteries, branches of the

internal iliac, and with the inferior haemorrhoidal branches of, the internal pudic.

The student should especially remark, that the trunk of the vessel descends

along the back part of the rectum as far as the middle of the sacrum before it

divides ; this is about a finger's length or four inches from the anus. In disease

of this tube, the rectum should never be divided beyond this point in that direction,

for fear of involving this artery.

The Suprarenal Arteries (fig. 226) are two small vessels which arise, one on

each side of the aorta, oj)posite the superior mesenteric artery. They pass obliquely

upwards and outwards to the under surface of the suprarenal capsules, to which

they are distributed, anastomosing with capsular branches from the phrenic and

renal arteries. In the adult these arteries are of small size ; in the foetus they are

as large as the renal arteries.

The Renal Arteries are two large trunks, which arise from the sides of the

aorta, immediately below the superior mesenteric artery. Each is directed out-

wards, 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 lie between the renal vein and ureter,

the vein being usually in front, the ureter behind. Each vessel gives off some
small branches to the suprarenal capsules, the ureter and the surrounding cellular

membrane and muscles. ,

The Spermatic Arteries are distributed to the testes in the male, and to the

ovaria in the female. They are two slender vessels, of considerable length, which

arise from the front of the aorta, a little below the renal arteries. Each artery

passes obliquely outwards and downwards, behind the peritoneum, crossing the

ureter, and 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. On reaching

the margin of the pelvis, each vessel passes in front of the corresponding external

iliac artery, and takes a different course in the two sexes.

In the male, it is directed outwards, to the internal abdominal ring, and accom-

panies the other constituents of the spermatic cord along the spermatic canal to

the testis, where it becomes tortuous, and divides into several branches, two or

three of which accompany the vas deferens, and supply the epididymis, anastomos-

ing with the artery of the vas deferens ; others pierce the back part of the tunica

albug'inea, and supply the substance of the testis.

In the female, the spermatic arteries (ovarian) are shorter than in the male, and

do not pass out of the abdominal cavity. On arriving at the margins of the pelvis

each artery passes inwards, between the two laminas 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 inguinal canal, to the integument of the labium and groin.

At an early period of foetal life, when the testes lie by the side of the spine,

below the kidneys, the spermatic arteries are short ; but as these organs descend

from the abdomen into the scrotum, the arteries become gradually lengthened.

The Phrenic Arteries are two sraall vessels, which present much variety in

their origin. They may arise separately from the front of the aorta, immediately

below the coeliac axis, or by a common trunk, which may spring either from the

aorta or from the coeliac axis. Sometimes one is derived from the aorta, 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 oeso-

phagus, and runs forwards on the left side of the oesophageal opening. The right

phrenic passes behind the liver and inferior vena cava, and ascends along the
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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, a branch 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 supra-

renal capsule of its own side. The spleen on the left side, and the liver on the

right, also receive a few branches from these vessels.

The Lumbar Abteeies are analogous to the intercostal. They are usually four

in number on each side, and arise from the back part of the aorta, nearly at right

angles with that vessel. They pass outwards and backwards, around the sides of

the body of the corresponding lumbar vertebra, behind the sympathetic nerve and

the Psoas 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

interval between the transverse processes of the vertebrae each artery divides into

a dorsal and an abdominal branch.

The dorsal hraiich gives off, 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 each other, and with the posterior branches of the intercostal

arteries.

The spinal branch, besides supplying offsets which run along the nerves to the

dura mater and Cauda equina, anastomosing with the other spinal arteries, divides

into two branches, one of which ascends on the posterior surface of the body of

the vertebra above, and the other descends on the posterior surface of the body of

the vertebra below, both vessels anastomosing with similar branches from neigh-

bouring spinal arteries. The inosculations of these vessels on each side, throughout

the whole length of the spine, form a series of arterial arches behind the bodies of

the vertebree, which are connected with each other, and with a median longitudinal

vessel, extending along the middle of the posterior surface of the bodies of the

vertebrse, by transverse branches. From these vessels offsets are distributed to the

periosteum and bones.

The abdominal branches pass outwards, behind the Quadratus lumborum, the

lowest branch occasionally in front of that muscle, and, being continued between

the abdominal muscles, anastomose with branches of the epigastric and internal

mammary in front, the intercostals above, and those of the ilio-lumbar and circum-

flex iliac, below.

The Middle Sacral Arteet is a small vessel, about the size of a crow-quill,

which arises from the back part of the aorta, just at its bifurcation. It 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 presently to be described as ' Luschka's gland.' From it, branches arise

which run through themeso-rectum, to supply the posterior surface ofthe recttim.

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.

Coccygeal Gland, or Luschka's Gland. —Lying near the tip of the coccyx

in a small tendinous interval formed by the union of the Levator ani muscles

of either 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, but the real nature and uses of

which are doubtful, nor does it seem at present certain that it always exists.

Its most obvious connections are with the arteries of the part. It receives

* Der Hirnanhang und die Steissdrilse des Menschen, Berlin, i860; Anatomie des Menschen,

Tubingen, 1864, vol. ii. pt. 2, p. 187.
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comparatively large branches from the middle and lateral sacral arteries ; and
its structure, according to Julius Arnold,* consists in great measure of dilated

arterial vessels. On this account Arnold proposes to call it not a gland, but
' glomerulus arterio-cocoygeus.' It is sometimes single, sometimes formed of

several lobes, surrounded by a very definite capsule, into which the sympa-
thetic filaments from the ganglion impar are to be traced, and in which they

are said by some observers to terminate. The structure of the body is composed
of a number of cavities, which Luschka believes to be glandular follicles, but which
are regarded by Arnold as fusiform dilatations of the terminal branches from the

middle sacral arteries. Nerves pass into this little body both from the sympa-

thetic and from the fifth sacral, and in the interstices of the lobules nerve-cells are

described.

This body has been variously regai'ded as an appendage to the nervous or to the

arterial system. The former seems to be Lusohka's view, the latter is Arnold's.

t

Arnold's view is supported by the observation of Dr. Macalister,^ that he has found
in several birds the middle sacral arteries terminating in a bunch of interlacing

and anastomosing capillaries, but without any capsule ; and it is rendered in the

highest degree probable, if Arnold's observation be correct, that several small

saccular bodies, of a somewhat similar kind, may be found connected with the

middle sacral artery.

For a more detailed description of this body, we would refer to the elaborate

account in ' Luschka's Anatomie,' and to the authorities quoted in Dr. Macalister's

paper, as well as to a monograph by Dr. W. Mitchell Banks, reprinted in 1867

from the ' Glasgow Medical Journal.'

Common Iliac Aeteeies.

The abdominal aorta divides into the two common iliac arteries. The bifur-

cation usually takes place on the left side of the body of the fourth lumbar
vertebra. This point corresponds to the left side of the umbilicus, and is on a

level with a line drawn from the highest point of one iliac crest to the other. The
common iliac arteries are about two inches in length ; diverging from the termi-

nation 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 of the pelvis.

The right common iliac is somewhat larger than the left, and passes more

obliquely across the body of the last lumbar vertebra. In fi-ont of it are the

peritoneum, the ileum, branches of the sympathetic nerve, and, at its point of

division, the ureter. Behind, it is separated from the last lumbar vertebra by
the two common iliac veins. On its outer side, it is in relation with the inferior

vena cava, and the right common iHac vein, above ; and the Psoas magnus muscle

below.

The left common iliac is in relation, in front, with the peritoneum, branches of

the sympathetic nerve, the rectum and superior hEemorrhoidal artery ; and is

crossed at its point of bifurcation by the ureter. The left common iliac vein hes

partly on the inner side, and partly beneath the artery ; on its outer side, the artery

is in relation with the Psoas magnus.

Branches. The common iliac arteries give off small branches to the peritoneum.

Psoas muscles, ureters, and the surrounding cellular membrane, and occasionally

give origin to the iho-lumbar, or renal arteries.

* Virohow, Arch., 1864, 5, 6; see also Krause and Meyer in Henle and Pfeifler's Zeitsch.

f. rat. Medicin.

t In a course of lectures recently delivered at the CoUege of Smgeons on the Develop-

ment of the Brain, Mr. OaUender suggests that Luschka's gland may have the same relation

to the development of the spinal cord as he proves the pineal and pitiutary hody to have to

that of the brain. Brit. Med. Journ., June 13, 1874.
+ British Medical Journal, Jan. 11, 1868.
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Plan of the Relations op the Common Iliac Arteries.
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Peculiarities. The point of origin varies according to the bifurcation of the aorta. In
three-foiu'ths of a large number of cases, the aorta bifurcated either upon the fourth lumbar
vertebra, or upon the intervertebral disc between it and the fifth ; the bifurcation being, in

one case out of nine below, and in one out of eleven above this point. In ten out of every
thirteen cases, the vessel bifurcated -within half an inch above or below the level of the crest

of the ilium ; more frequently below than above.

The ^joi'ni of division is subject to gxeat variety. In two-thirds of a large number of cases

it was between the last lumbar vertebra and the upper border of the sacrum ; being above
that point in one case out of eight, and below it in one case out of six. The left common
Uiac 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 in sixty-three cases ; the left, in fiftj'-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 half of the remaining cases, the artery was
longer ; and in the other half, shorter ; the minimum length being less than half an inch,

the maximum four and a half inches. In one instance, the right common iliac was found
wanting, the external and internal iliacs arising directly from the aorta.

Surgical Anatomy. The application of a ligature to the common iliac artery may be re-

quired on account of aneurism or hsemorrhage, implicating the external or internal iliacs, or

on account of secondary haemorrhage after amputation of the thigh high up. It has been
seen that the origin of this vessel corresponds to the left side of the umbilicus on a level

with a line drawn from the highest point of one iliac crest to the opposite one, and its com-se

to a line extending from the left side of the umbilicus downwards towards the middle of

Poupart's ligament. The line of incision required in the first steps of an operation for

seoiu'ing this vessel, would materia,lly depend upon the nature of the disease. If the surgeon

select the iliac region, a curved incision, about five inches in length, may be made, commenc-
ing on the left side of the umbilicus, carried outwards towards the anterior superior iliac

spine, and then along the upper border of Poupart's ligament, as far as its middle. But if

the aneurismal tumour should extend high up in the abdomen, along the external iliac, it

is better to select the side of the abdomen, approaching the artery from above, by making
an incision from fom- to five inches in length, from about two inches above and to the left

of the umbilicus, carried outwards in a curved direction towards the lumbar region, and
terminating a little below the anterior superior iliac spine. The abdominal muscles (in either

case) having been cautiously divided in succession, the transversalis fascia must be carefidly

cut through, and the peritoneum, together with the ureter, separated from the artery, and
pushed aside ; the sacro-iliac ai-ticulation must then be felt for, and upon it the vessel will

be felt pulsating, and may be fiiUy 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
much to the difficulty of an operation in such a ease. 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 origin.

Collateral Circulation. The principal agents in carrying on the collateral circulation after

the application of a ligature to the common iliac, are, the anastomoses of the hajmorrhoidal

branches of the internal iliac, with the superior htemorrhoidal from the inferior mesenteric

;

the anastomoses of the uterine and ovarian arteries, and of the vesical arteries of opposite
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sides ; of the lateral sacral, with, the middle sacral artery ; of the epigastric, with the internal

mammary, inferior intercostal and 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 oppo-
site side, and with the internal epigastric ; and of the gluteal, with the posterior branches of

the sacral arteries.

Internal Iliac Aeteet. (Fig. 231.)

The internal iliac artery supplies the walls and viscera of the pelvis, the gene-

rative organs, and inner side of the thigh. It is a short, thick vessel, smaller than

the external iliac, and about an inch and a half in length, which arises at the point

of bifurcation of the common iliac; and, passing downwards to the upper margin

231.—Arteries of the Pelvis.

of the great sacro-sciatic foramen, divides into two large trunks, an anterior and

posterior ; a partially obliterated cord, the hypogastric artery, extending from the

extremity of the vessel forwards to the bladder.

Relations. In front, with the ureter, which separates it from the peritoneum.

Behind, with the internal iliac vein, the lumbo-saoral nerve, and Pyriformis muscle.

By its o^lter side, near its origin with the Psoas muscle.
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Plan of the Relations of the Internal Iliac Arteey.
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In the fixitus, the internal iliac artery (hypogastric) is twice as large as the

external iliac, and appears to be the continuation of the common iliac. Passing
forwards to the bladder, it 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 anterioi

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, ramifying

in the placenta. The portion of the vessel within the abdomen is called the hypo-

gastric artery ; and that external to that cavity, the umbilical artery.

At hirth, when the placental circulation ceases, the upper portion of the hypo-

gastric artery, extending from the summit of the bladder upwards to the umbilicus,

contracts, 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 artery.

Peculiarities as ree/ards leiigth. In two-thirds of a large number of cases, the length of

the internal iliac varied hetween 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, the
minimum half an inch.

The lengths of the common and internal iliac arteries hear an inverse proportion to each
other, the internal iliac artery being long when the common iliac is short, and vice versa.

As reyards its place of division. The place of division of the internal iliac varies between
the upper margin of the sacrum, and the upper border of the sacro-sciatic foramen.

The arteries of the two sides in a series of cases often differed in length, but neither

seemed constantly to exceed the other.

Surgical Anatomy. The application of a ligature to the internal iliac artery may be
required iu cases of aneurism or hsemorrhage atfecting one of its branches. The vessel

may be secured by making an hicision through the abdominal parietes in the iliac region,

in a direction and to an extent similar to that for securing the common iliac ; the trans-

versalis fascia having been cautiouslj' divided, and the peritoneum pushed inwards from
the iliac fossa towards the pelvis, the finger 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 sacro-iliac articulation. It should be remembered that the vein li^s behind,

and on the right side, a little external to the arterj', and in close contact with it ; the ureter

and peritoneum, which lie in front, must also be avoided. The degree of facility in apply-

ing a ligatui-e to this ve3sel vrill mainly depend upon its length. It has been seen that, in

the gi'eat majority of the cases examined, the artery 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 con-

trary, 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 ligatui-e to the common iliac, or upon
the external and internal iliacs at their origin.

Collateral Circulation. In Prof. 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,

the internal iliac was fovuid 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,

DD
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lateral sacral, and gluteal, arising in succession from the latter portion. The obturator

ai-tery was entirely obliterated. The lateral sacral artery was aa large as a crow's quiU, 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

was carried on by the anastomoses of the uterine and ovarian arteries ; of the opposite vesical

arteries ; of the hsemorrhoidal branches of the internal Uiac, with those from the inferior

mesenteric ; of the obtiu-ator artery, by means of its pubic branch, with the vessel of the

opposite side, and with the epigastric and internal circumflex ; of the circumflex and per-

forating branches of the femoral, with the sciatic ; of the gluteal, with the posterior branches

of the sacral arteries ; of the ilio-lumbar, with the last lumbar ; of the lateral sacral, with
the middle sacral ; and of the circumflex iliac, with the ilio-lumbar and gluteal.

Branches of the Internal Iliac.

Froin the Anterior Trunh. From the Posterior Trunk.

Superior vesical. Ilio-lumbar.

Middle vesical. Lateral saci'al.

Inferior vesical. Gluteal.

Middle liaamorrhoidal.

Obturator.

Internal pudic.

Sciatic.

T J- 7 f Uterine.
In female. < ^-. . ,

•^

(_
Vaginal.

The superior vesical is that part of the foetal hypogastric artery which remains

pervious after birth. It extends to the side of the bladder, distributing numerous
branches to the body and fundus of the organ. From one of these a slender

vessel is 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 vesiculffi seminales.

The inferior vesical arises from the anterior division of the internal iliac, in

common with the middle hsemorrhoidal, and is distributed to the base of the bladder,

the prostate gland, and vesicute seminales. The branches distributed to the

prostate communicate with the corresponding vessel of the opposite side.

The middle hcemorrhoidal artery usually arises together with the preceding

vessel. It supplies the rectum, anastomosing with the other htemorrhoidal

arteries.

The uterine artery passes downwards from the anterior trunk of the internal

iliac to the neck of the uterus. Ascending, in a tortuous course on the side of

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

artery. Branches from this vessel are also distributed to the bladder and ureter.

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.

The Obtueatok Art'eet usually arises from the anterior trunk of the internal

iliac, frequently fi-om the posterior. It passes forwards below the brim of the

pelvis, to the canal in the upper border of the obturator foramen, and escaping

from the pelvic cavity through this aperture, divides into an internal and an
external branch. In the pelvic cavity this vessel lies upon the pelvic fascia,

beneath the peritoneum, and a little below the obturator nerve ; and whilst passing

through the obturator foramen, is contained in an oblique canal, formed by the

horizontal branch of the pubes, above, and the arched border of the obturator

membrane, below.
* Medico-C'hirurgical Trans., vol. xvi.
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Brandies. Within the pelvis, the oMurator artery gives off nn 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 puhia branch, which is given off from the vessel just before it

leaves the pelvic cavity. This branch ascends upon the back of the pubes, com-

municating with offsets fi-om the epigastric artery, and with the corresponding

vessel of the opposite side. This branch is placed on the inner side of the femoral

ring. External to the pelvis, the obturator artery divides into an external and
an internal branch, which are deeply situated beneath the Obturator externus

muscle ; skii-ting the circumference of the obturator foramen, they anastomose at

the lower part of this aperture with each other, and with branches of the internal

circumflex artery.

The internal branch curves inwards along the inner margin of the obturator

foramen, distributing branches to the Obturator muscles, 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, to the

space between the Gemellus inferior and Quadratus femoris, where it anastomoses

with the sciatic artery. It supplies the Obturator muscles, anastomoses, as it

passes backwards, with the internal circumflex, and sends a branch to the hip-

joint through the cotyloid notch, which ramifies on the round ligament as far as

the head of the femur.

Peculiarities. In two out of every three cases the obtui'ator arises from the internal iliac
;

in one case in 2i from the epigastric ; and in about one iu seventy^-two cases by two roots

from both vessels. It arises in about the same proportion from the external ihac artery.

The origin of the obturator from the epigastric is not commonly found on both sides of the

same body.

When the obturator artery arises at the front of the pelvis from the epigastric, it descends

almost vertically to the upper part of the obturator foramen. The artery in this course

usually Ues in contact with the external iliac vein, and on the outer side of the femoral ring

(232, fig. l) ; in such cases it woidd not be endangered in the opei'ations for femoral hernia.

Occasionally, however, it cm'ves inwards along the free margin of Gimbernat's ligament

(232, fig. 2), 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 being

wounded if an operation was performed.

232.—Variations in Qri in and Oom-se of Obturator Artery.

^ig- 1- ^%^^^^^^^.,. ^-^^s^. - . /«ite
^'»-

The Inteenal Pudic is the smaller of the two terminal branches of the anterior

trunk of the internal iliac, and supplies the external organs of generation. It

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 thi-ough

the lesser sacro-sciatic foramen. The artery now crosses the Obturator internus

muscle, to the ramus of the ischium, being covered by the obturator fascia, and
situated about an inch and a half from the margin of the tuberosity ; it then

ascends forwards and upwards along the ramus of the ischium, pierces the posterior

layer of the deep perinseal fascia, and runs forwards along the inner margin of the

ramus of the pubes ; finally, it perforates the anterior layer of the deep perinssal

fascia, and divides into its two terminal branches, the dorsal artery of the penis,

and the artery of the corpus cavernosum.

D D 2
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Relations. In the first part of its course, within the pelvis, it lies in front of
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, and great sacro-sciatic ligament. 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 formed by the obturator fascia and
the falciform process of the great sacro-sciatic ligament. It is accompanied by
the pudic veins, and the internal pudic nerve.

233.—The Internal Pudic Artery and its Branches.

PecuUarities. The internal pudic i^ sometimes smaller than usual, or fails to give off one

or two of its usual branches ; in such cases, the deficiency is supplied by branches derived

from an additional vessel, the accessory pudic, which generally arises from the pudic artery

before its exit from the great sacro-sciatic foramen, and passes forwards near the base of the

bladder, on the upper part of the prostate gland, to the perinseum, where it gives off the

branches, usually derived^ from the pudic artery. The deficiency most frequently met with,

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 frem the accessory pudic. Or the pudic

may terminate as the superficial perinasal, the artery of the bulb being derived, with the

other two branches, from the accessory vessel.

The relation of the accessory pudic 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.

Branches. Within the pelvis, the internal pudic gives off several small branches

which supply the mnsoles, sacral nerves, and pelvic viscera. In the perinmum the

following branches are given off

:
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Infei'ior or external bsemorrhoidal. Artery of the bulb.

Superficial perinseal. Artery of the corpus cavernosum.

Transverse perinseal. Dorsal artery of the penis.

The external hcemorrhoidal are two or three small arteries which arise from
the internal pudic as it passes above the tuberosity of the ischium. Crossing the

ischio-rectal fossa, they are distributed to the muscles and integument of the anal

region.

The superficial perinceal artery supplies the scrotum and muscles and integu-

ment of the perinEeum. It arises from the internal pudic, in front of the preceding

branches, and piercing the lower border of the deep perinseal fascia, runs across

the Transversus perinaei, and through the triangular space between the Accelerator

ui'ines and Erector penis, both ofwhich it suppUes, and is finally distributed to the

skin of the scrotum and dartos. In its passage through the perinasum it lies

beneath the superficial perinseal fascia.

The transverse perinceal is a small branch which arises either from the internal

pudic, or from the superficial perinseal artery as it crosses the Transversus perinsi

muscle. Piercing the lower border of the deep perinseal fascia, it runs trans-

versely inwards along the cutaneous surface of the Transversus perinrei muscle,

which it supplies, as well as the structures between the anus and bulb of the

urethra.

The artery of the bulb is a large but very short vessel which arises from the in-

ternal pudic between the two layers of the deep perinseal fascia, and passing nearly

transversely inwards, pierces the bulb of the urethra, in which it ramifies. It

gives off a small branch which descends to supply Cowper's gland. 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 hemorrhage. The vessel is sometimes very small,

occasionally wanting, or even double. It sometimes arises from the internal pudic

earlier than usual, and crosses the perinieum to reach the back part of the bulb.

In such a case the vessel could hardly fail to be wounded in the performance of

the lateral operation for lithotomy. If, on the contrary, it should arise from an ac-

cessory pudic, it lies more forward than usual, and is out of danger in the operation.

The artery of the corpus cavernusam, one of the terminal branches of the internal

pudic, arises from that vessel while it is situated between the crus penis and the

ramus of the pubes
;
piercing the crus penis obliquely, it runs forwards in the

corpus cavernosum by the side of the septum pectiniforme, to which its branches

are distributed.

The dorsal artery of the penis ascends between the ci'us and pubic symphysis,

and piercing the suspensory ligament, runs forwards on the dorsum of the penis to

the glans, where it divides into two branches, which supply the glans and prepuce.

On the dorsum of the penis, it lies immediately 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.

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 distribution of its

branches. The superficial artery supplies the labia pudenda ; the artery of the

bulb supplies the erectile tissue of the bulb of the vagina, whilst the two terminal

branches supply the clitoris ; the artery of the corpus cavernosum, the cavernous

body of the clitoris ; and the arteria dorsalis clitoridis, the dorsum of that organ.

The Sciatic Artery (fig. 234), the larger of the two terminal branches of the

anterior trunk of the internal iliac, is distributed to the muscles on the back of

the pelvis. It passes down to the lower part of the great sacro-sciatic foramen,

behind the internal pudic, resting on the sacral plexus of nerves and Pyriformis

muscle, and escapes from the pelvis between the Pyriformis and Coccygeus. It

then descends in the interval between the trochanter major and tuberosity of the

ischium, accompanied by the sciatic nerves, and covered by the Gluteus maximus,

and divides into branches, which supply the deep muscles at the back of the hip.
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Witliin the pelvis it distributes branches to the Pyriformis, Coccygeus, and
Levator ani muscles ; some hfemorrlioidal branches, which supply the rectum, and
occasionally take the place of the middle hasmorrhoidal artery ; and vesical

branches to the base and neck of the bladder, vesiculas seminales, and prostate

gland. External to the pelvis, it gives off the coccygeal, inferior gluteal, comes

nervi ischiadici, muscular, and articular branches.

The coccygeal hranch

runs inwards pierces the 234.—The Arteries of the Gluteal and Posterior

great sacro-sciatic liga-
Femoral Regions,

ment, and supplies the

Gluteus maximus, the in-

tegument, and other struc-

tures on the back of the

coccyx.

The i))ferior gluteal

hranches, three or four

in number, supply the

Gluteus maximus muscle.

The comes nervi ischia-

dici is a long slender

vessel, which accompanies

the great sciatic nerve for

a short distance ; it then

penetrates it, and runs in

its substance to the lower

part of the thigh.

The muscular hranches

supply the muscles on the

back part of the hip, ana-

stomosing with the gluteal,

internal and external cir-

cumflex, and superior per-

forating arteries.

Some articular hranches

are distributed to the cap-

sule of the hip-joint.

The Ilio-Lumhar Artery

ascends beneath the Psoas

muscle and external iliac

vessels, to the upper part

of the iliac fossa, where it

divides into a lumbar and
an iliac branch.

The lumhar hranch sup-

plies the Psoas and Qna-
dratus lumborum muscles,

anastomosing w^ith 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 hranch descends to supply the Iliacus internus, some offsets i-unning

between the muscle and the bone, one of which enters an oblique canal to supply

the diploe, whilst others run along the ci'est of the ilium, distributing branches to

the Gluteal and Abdominal muscles, and anastomosing in their course with the

gluteal, circumflex iliac, external circumflex, and epigastric arteries.
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The Lateral Sacral Arteries (fig. 231) are usually two in number on eacli side,

superior and inferior.

The superior, which is of large size, passes inwards, and, after anastomosing with

branches from the middle sacral, enters the first or second sacral foramen, is

distributed to the contents of the sacral canal, and escaping by the corresponding

posterior sacral foramen, supplies the skin and muscles on the dorsum of the

sacrum.

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 arteries. In its course, it gives off branches, which enter

the anterior sacral foramina ; these, after supplying the bones and membranes of

the interior of the spinal canal, escape by the posterior sacral foramina, and are

distributed to the muscles and skin on the dorsal surface of the sacrum.

The Gluteal Artery is the largest branch of the internal ihac, 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 per-

forate 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-

divides into two. 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 ascending

branches of the external circumflex artery. The inferior division crosses the

Gluteus minimus obliquely to the trochanter major, distributing branches to the

Glutei muscles, and inosculates with the external circumflex artery. Some
branches pierce the Gluteus minimus to supply the hip-joint.

External Iliac Aeteet. (Fig. 231.)

The external iliac artery is the chief vessel which supplies the lower limb. It

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 the femoral arch, where it enters the thigh, and becomes the

femoral artery. The course of this vessel would be indicated by a line drawn
from the left side ofthe umbilicus to a point midway between the anterior superior

spinous process of the iliam and the symphysis pubis.

Belations. In front, with the peritoneum, subperitoneal areolar tissue, the

intestines, and a thin layer of fascia, derived from the iliac fascia, which surrounds

the artery and vein. At its origin it is occasionally crossed by the ureter. The
spermatic vessels descend for some distance upon it near its termination, and it is

crossed in this situation by a branch of the genito-orural nerve and the circumflex

iliac vein ; the vas deferens curves down along its inner side. Behind, it is in

relation with the external iliac vein, which, at the femoral arch, lies at its inner

side ; on the left side the vein is altogether internal to the artery. Externally, it

rests against the 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 side of the

vessel.
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Plan of the Relations oi? the External Iliac Artery.

In front.

Peritoneum, intestines, and iliac fascia.

^ f Spermatic vessels.
i>ear

j Qguito-crural nerve (sjenital branch).

^?"P''l! i Oircnmflex iliac vein.^

|_ Lymphatic vessels and glands.
Liprament.

Outer side. / \ Inner side,

j External 1 -n , . .

Psoas mag'nus. I Iliac. E.^cternal iliac vein and vas deferens

Iliac fascia. \ /at femoral arch.

JBehind.

External iliac vein.

Psoas magnus.

Suryicdl Anatomy. The application of a ligature to the external iliac may be required in

cases of aheurism of the femoral artery, or in cases of secondary haerhorrhage, after the latter

vessel has been tied for popliteal aneurism. This vessel may be secnred in any part of its

course, excepting near its upper end, which 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. One of
the chief points in the performance of the operation is to secure the vessel without injury to

the peritoneum. The patient having been placed in the recumbent position, an incision

should be made, commencing below at a point about three quarters 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 above the anterior superior spine of the ilium. When the

artery is deeply seated, more room wUl be requii'ed, and may be obtained by curving the

incision fi'om the point last named inwards towards the umbilicus for a short distance ; or, if

the lower part of the artery is to be reached, the surgeon may commence the incision nearer
the inner end of Poupart's ligament, taking care to avoid the epigastric artery. Abernethy,
who first tied this artery, made his incision in the course of the vessel. The precise line of

incision selected is of less moment, provided an easy access to the deeper parts is secured.

The abdominal muscles and transversalis fascia having been cautiously divided, the peritoneum
should be separated from the iliac fossa and pushed towards the pelvis ; and on introducing

the finger to the bottom of the wound the arteiy may be felt pulsating along the inner border

of the Psoas muscle. The external iliac vein is generally found on the inner side of the

artery, and must be cautiously separated from it by the finger-nail, or handle of the knife,

and the anemism needle should be introduced on the inner side, between the artery and vein.

Collateral Circulation. The principal anastomoses in carrying on the collateral circulation,

after the application of a ligature to the external iliac, are—the ilio-lumbar with the circum-
flex iliac ; the gluteal with the external circumflex ; the obturator with the internal circum-
flex ; the sciatic with the superior perforating and circumflex branches of the profunda arteiy;

the internal pudic with the external pudic, and with the internal circumflex. When the

obturator arises from the epigastiic, it is supplied with blood by branches, either from the
internal iliac, the lateral sacral, or the internal pudic. The epigastric receives its supply from
the internal mammary and inferior intercostal arteries, and from the internal iliac, by the
anastomoses of its branches with the obtm'ator.

In the dissection of a limb, eighteen years after the successful hgature of the external ihac

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. A71 anterior set. i. A very large branch
from the ilio-lumbar artery 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 circumflex
; 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 otF

from the obturator, alter quitting the pelvis, which rarflifled among the adductor muscles on
the inner side of the hip-joint, and joined most freely with branches of the internal circumflex.

A posterior set. l. Three large branches from the 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.

Branches. Besides several small branches to the Psoas muscles and the

neighbouring lymphatic glands, the external ihac gives off two branches of con-

siderable size, the

Epigastric and Circumflex iliac.

The JSpigastric artery arises from the external iliac, a few lines above Poupart's
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ligament. It at first descends to reach, this ligament, and then ascends obliquely

inwards between the peritoneum and transversalis fascia, to the margin of the

sheath of the Rectus muscle. Having perforated the sheath near its lower third,

it runs vertically upwards behind the Rectus, to which it is distributed, dividing

into numerous branches, which anastomose above the umbilicus with the terminal

branches of the internal mammary and inferior intercostal arteries. It is accom-

panied by two veins,which usually unite into a single trunk before their termina-

tion in the external iliac vein. As this artery ascends from Poupart's ligament

to the Rectus, it lies behind the inguinal canal, to the inner side of the internal

abdominal ring, and immediately above the femoral ring. The vas deferens in the

male, and the round ligament in the female, cross behind the artery in descending

into the pelvis.

Branches. The branches of this vessel are the following : the cremasteric,

which accompanies the spermatic cord, and supplies the Cremaster muscle, anasto-

mosing with the spermatic artery ; a puhic hranch, which runs across Poupart's

ligament, and then descends behind the pubes to the inner side of the femoral ring,

and anastomoses with ofisets from the obturator artery ; muscular' tranches, some
of which are distributed to 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

external epigastric.

Peculiarities. The origin of the epigastric may take place from any part of the external

iliac 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 xiyith Branches. 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 furnished by the internal iliac, or the epigastric may he formed of two branches, one

derived from the external iUac, the others from the internal iliac.

The ciraimtflex iliac artery arises from the outer side of the external iliac

nearly opposite the epigastric artery. It ascends obliquely outwards behind

Poupart's ligament, and runs along the inner surface of the crest of the ilium to

about its middle, where it pierces the Transversalis, and runs backwards between

that muscle and the Internal oblique, to anastomose with the ilio-lumbar and
gluteal arteries. Opposite the anterior superior spine of the ilium, it gives ofi" a

large branch, which ascends between the internal oblique and Transversalis

muscles, supplying them and anastomosing with the lumbar and epigastric arteries.

The circumflex iliac artery is accompanied by two veins. These unite into a single

trunk which crosses the external iliac artery just above Poupart's ligament, and
enters the external iliac vein.

Femoral Aeteey. (Fig. 235.)

The femoral artery is the continuation of the external iliac. It 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 Adductor magnus, at the

junction of the middle with the lower third of the thigh, where it becomes the

popliteal artery. A line drawn from a point midway between the anterior superior

spine of the ilium and the symphysis pubis to the inner side of the inner condyle of

the femur, will be nearly parallel with the course of the artery. This vessel, at the

upper part of the thigh, lies a little internal to the head of the femur ; in the lower

part of its course, on the inner side of the shaft of the bone, and between these

two parts, the vessel is far away from the bone.

In the upper third of the thigh the femoral artery is very superficial, being

covered by the integument, inguinal glands, and the superficial and deep fasoise,

and is contained in a triangular space, called ' Scarpa's triangle.'

Scarpa's triangle. Scarpa's triangle corresponds to the depression seen imme-
diately below the fold of the groin. It is a triangular space, the apex of which
is directed downwards, and tte sides of 'which are formed externally by the
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Sartorius, internally by the Adductor longus, and above by Potipart's ligament.

Tlie floor of this space is formed from without inwards by the Iliacus, Psoas,

Pectineus, Adductor longus, and a small part of the Adductor brevis muscles

;

and it is divided into two nearly equal parts by the femoral vessels, which extend

from the middle of its base to its apex ; the artery giving off in this situation

its cutaneous and profunda branches, the vein receiving the deep femoral and

internal saphenous veins. In this space the femoral artery rests on the inner

margin of the psoas mus-

cle, which separates it froni
235.^Surgical Anatomy of the Femoral Artery,

the capsular ligament of

the hip-joint. The artery

in this situation has in

front of it filaments from

the crural branch of the

genito-crural nerve, and

branches from the anterior

crural, one of which is

usually of considerable size

;

behind the artery is the

branch to the Pectineus

from the anterior crural.

The femoral vein lies at

its inner side, between the

margins of the Pectineus

and Psoas muscles. The
anterior crural nerve lies

about half an inch to the

outer side of the femoral

artery, deeply imbedded

between the Iliacus and
Psoas muscles. The femo-

ral artery and vein are en-

closed in a strong fibrous

sheath fonned by fibrous

and cellular tissue, and by
a process of fascia sent in-

wards, from the fascia lata
;

the vessels are separated,

however, from one another

by thin fibrous partitions.

In the middle third of

the thigh, the femoral artery

is more deeply seated, being

covered by the integument,

the superficial and deep

fascia, and the Sartorius,

and is contained in an apo-

neurotic canal (Hunte'r's

canal), formed by a dense

fibrous band, which extends

transversely from the Vas- •

tus internus to the tendons

of the Adductor longus and

magnus muscles. In this

part of its course it lies

in a depression, bounded externally by the Vastus internus, internally by the

Adductor longus and Adductor magnus. The femoral vein lies on the outer side
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of the artery, in close opposition with it, and, still more externally, is the internal

(long) saphenous nerve.

Relations. From above downwards, the femoral artery rests upon the Psoas

muscle, which separates it from the margin of the pelvis and capsular ligament of

the hip ; it is next separated from the Pectineus by the profunda vessels and femoral

vein ; it then lies upon the Adductor longus ; and lastly, upon the tendon of the

Adductor magnus, the femoral vein being interposed. To its miner side, it is in

relation above, with the femoral vein, and lower down, with the Adductor longus,

and Sartorias. To its outer side, the Vastus internus separates it from the femur,

in the lower part of its course.

The femoral vein, at Poupart's ligament, lies close to the inner side of the

artery, separated from it by a thin fibrous partition, but, as it descends, gets be-

hind it, and then 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, but not usually

within the sheath of the vessels. Small cutaneous nerves cross the front of the

sheath.

Plan of the Relations op the Pemoeal Artery.

In front.

Fascia lata.

Brancli of anterior crural nerve. i

Sartorius.

Long saphenous nerve.

Aponeurotic covering of Hunter's canal.

Inner side. / \ Outer side.

Femoral vein (at upper part). / Femoral )
Vastus intemus.

Adductor longus. I
Artery. I Femoral vein (at lower part).

Sartorius.

Sehind.

Psoas muscle.

Profunda vein.

Pectineus muscle.

Adductor longus.

Femoral vein.

Adductor magnus.

Peculiarities. Doublefemoral re-united. Four cases are at present recorded, in which the

femoral ai'tery divided into two trunks helow the origin of the profunda, and became re-united

near the opening in the Adductor magnus, so as to form a single popliteal artery. One of

them ocCuiTed in a patient operated upon for popliteal aneilrism.

Change of Position. A similar numher of 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 the pelvis through the great sacro-soiatic foramen, and ac-

companying the great sciatic nerve to the popliteal space, where its division occurred in the

usual manner.
Position of the Vein. The femoral vein is occasionally placed along the inner side of the

artery, throughout the entire extent of Scarpa's triangle ; or it may be slit, so that a large

vein is placed on each side of the artery for a greater or less extent.

Origin of the Profunda. This vessel occasionally arises from the inner side, and more rarely,

from the back of the common trunk ;
but the more important peculiarity, in a surgical point

of fiew, 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 oue or two inches below Poupart's

ligament ; in a few cases, the distance was less than an inch ; more rarely, opposite the liga-

ment ; 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.

Surgical Anatomy. Compression of the femoral artery, which is constantly requisite in

amputations and other operations on the lower hmb, is most effectually made immediately
below Poupart's ligament. In this situation the artery is very superficial, and is merely
.separated from the margin of the acetabulum and front of the head of the femur, by the
Psoas muscle ; so that the surgeon, by means of his thumb, or a compressor, may eflFectually

control the circulation through it. This vessel may also be compressed in the middle third

of the thigh, by placing a compress over the artery, beneath the tourniquet, and directing
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the pressure from, within outwards, so as to compress the vessel against the inner side of the

shaft of the femur.

The application of a ligature to the femoral artery may he required in cases of wound
or aneurism of the arteries of the leg, of the popliteal or femoral ; and the vessel may be
exposed and tied in any 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 femoral artery, within two inches of its origin, is usually considered

unsafe, on account of the connection of large branches with it, the epigastric and circimiflex

iliac arising just above its origin ; the profunda, from one to two inches below, occasionally,

also, one of the circumflex arteries arises from the vessel in the interspace between these.

The profunda sometimes arises higher than the point above mentioned, and rarely between
two or three inches (in one case four) below Poupart's hgament. 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 two and three inches long, should be made in the course of the vessel,

the patient lying in the recumbent position, with the limb sliglitly flexed and abducted.

A large vein is frequently met with, passing in the course of the artery to join the saphena

;

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 vessels. The finger being introduced into the wound, and the pulsation of the artery

felt, the sheath should be divided over the artery to a sufficient extent to allow of the

introduction of the ligatiu-e, but no further ; otherwise the nutrition of the coats of the

vessel may be interfered with, or muscular branches which arise from the vessel at irregular

intervals may be divided. In this part of the operation, a small nerve which crosses the

sheath should be avoided. 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 the middle of the thigh, an inc'.sion shoidd be made through
the integument, between three and four inches in length, over the inner margin of the

Sartorius, taking care to avoid the internal saphenous vein, the situation of which may be
previously known by compressing it higher up in the thigh. The fascia lata having been
divided, and the Sartorius muscle exposed, it should be drawn outwards, when the strong

fascia which is stretched across fi'om the Adductors to the Vastus internus, will be exposed,

and must be freely 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 within outwards. 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 trimks, below the

origin of the profunda. If, in the operation for tying the femoral, two vessels are met with,

the surgeon should alternately compress each, in order to ascertain which vessel is connected

with the aneurismal tumoiu-, or with the bleeding from the wound, and that one only should

be tied which controls the pulsation or hemorrhage. 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 re-united, as in the four instances referred to above.

Collateral Circulation. When the common femoral is tied, the main channels for carrying

on the circulation are the anastomoses of the gluteal and circumfiex Uiac arteries above with
the external circumflex below ; of the obturator and sciatic above with the internal circmnflex

below ; of the ilio-lumbar with the external circimiflex, and of the comes nervi ischiadici

with the arteries in the ham.
The principal agents in carrying on the collateral circidation after ligature of the super-

ficial femoral 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 profimda at the same part with the former,

passed down by the inner side of the Biceps muscle, to an artery 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 themselves with the inferior articular arteries of the popliteal, with some recm-rent

branches of those arteries, with arteries passing to the Gastrocnemii, and, lastly, with the

origin of the anterior and posterior tibial arteries.'

' It appears then that it is those branches of the profunda which accompany the sciatic

nerve that are the principal supporters of the new circulation.'

In Porta's workf (Tab. xii. xiii.) is a good representation of the collateral circulation

after the 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

appear 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 (mus-

* Med.-Chir. Trans., yol.ii. 1811. f Alteraziani patologiche dellc Arterie.
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cular and anastomotioa magna), and witli the articular brandies of tlie popliteal. Tbe
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 cir-

cumflex by means of an anastomosis with the same external articidar artery. 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. A 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 ligature of the external iliac.

There is an interesting preparation in the Museum of the Royal College of Surgeons, of

a limb on which John Hunter had tied the femoral artery fifty years before the patient's

death. The whole of the superficial femoral and popliteal artery seems to have been
obliterated. 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 not been
a very successful one.

JBratioJies, Tbe branches of tbe femoral artery are tbe

Superficial epigastric.

Superficial circumflex iliac.

Superficial external pudic.

Deep external pudic.

r External circumflex.

Profunda. \ Internal circumflex.

I Three perforating.

Muscular.

Anastomotica magTia.

The superficial epigastric arises from tbe femoral, about half an inch below

Poupart's ligament, and, passing through the saphenous opening in tbe fascia lata,

ascends on to the abdomen, in the superficial fascia covering the external oblique

muscle, nearly as high as tbe umbilicus. It distributes branches to tbe inguinal

glands, the superficial fascia and the integument, anastomosing with branches ofthe

deep epigastric and internal mammary arteries.

The superficial circumfiex iliac, tbe 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 inguinal glands,

anastomosing with the circumflex iliac, and with the gluteal and external circum-

flex arteries.

The superficial external pudic (superior), arises from tbe inner side of the

femoral artery, close to the preceding vessels, and, after piercing the fascia lata

at the saphenous opening, passes inwards, across the spermatic cord, to be

distributed to tbe integument on the lower part of the abdomen, the penis and
scrotum in tbe male, and the labium in the female, anastomosing with branches

of the internal pudic.

The deep externalpudic (inferior), more deeply seated than tbe preceding, passes

inwards on the Pectineus muscle, covered by the fascia lata, which it pierces oppo-

site the ramus of tbe pubes, its branches being distributed, in the male, to the

integument of the scrotum and perineeum, and in the female, to the labium, ana-

stomosing with branches of tbe superficial perinffial artery.

The Profunda Femoris (deep femoral artery) nearly equals tbe size of the

superficial femoral. It arises from tbe outer and back part of the femoral artery,

from one to two inches below Poupart's ligament. It at first lies on the outer

side of tbe superficial femoral, and then passes behind it and the femoral vein to

tbe inner side of the femur, and terminates at tbe lower third of tbe thigh in a

small branch, which pierces tbe Adductor magnus (and from this circumstance is
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sometimes called the fourth perforating artery), to be distributed to the flexor

muscles on the back of the thigh, anastomosing with branches of the popliteal and
inferior perforating arteries.

Belations. Behind, it lies first upon the iliacus, and then on the Adductor brevis

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.

Plan of the Relations or the Peoeunba Aeteet.

In front.

Femoral and profunda veins.

Adductor longus.

Outer side.

Vastus internus.

Behind.

Iliacus.

Adductor brevis.

Adductor magnus,

The External Gircuwfiex Artery supplies the muscles on the front of the thigh. It

arises from the outer side of the profunda, passes horizontally outwards, between the

divisions of the anterior crural nerve, and behind the Sartorius and Rectus muscles,

and divides into three sets of branches, ascending, transverse, and descending.

The ascending tranches pass upwards, beneath the Tensor vaginee femoris muscle,

to the outer side of the hip, anastomosing with the terminal branches of the gluteal

and circumflex iliac arteries.

. The descending branches, three or four in number, pass downwards, behind

the rectus, upon the Vasti muscles, to which they are distributed, one or two
passing beneath the Vastus esternus as far as the knee, anastomosing with the

superior articular branches of the popliteal artery.

The transverse hranehes, the smallest and least numerous, pass outwards over

the Crureeus, 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 Pectineusand Psoas muscles. On reaching the tendon of the

Obturator externus, it gives ofi' two branches, one of which passes inwards to be

distributed to the Adductor nauscles, the Gracilis, and Obturator externus, anasto-

mosing 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 supe-

rior perforating arteries. Opposite the hip-joint, this branch gives ofi" an articular

vessel, which enters the joint beneath the transverse ligament ; and after supplying

the adipose tissue, passes along the round ligament to the head of the bone.

The Perforating Arteries (fig. 234), usually three in number, are so called from

their perforating the tendons of the Adductor brevis and magnus muscles to reach

the back of the thigh. The first is given off' above the Adductor brevis, the

second in front of that muscle, and the third immediately below it.

The first or superior.^'perforating artery passes backwards between the Pectineus

and Adductor brevis (sometimes perforates the latter) ; it then pierces the Adductor

magnus close to the linea aspera, and divides into branches which supply both

Adductors, the Biceps, and Gluteus maximus muscle; anastomosing with the

sciatic, internal circumflex, and middle perforating arteries.
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The second or middle perforating artery, larger than the fii'st, pierces the tendons

of the Adductor brevis and Adductor magnns muscles, and divides into ascending

and descending branches, which supply the flexor muscles of the thigh, anasto-

mosing 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 off below the Adductor brevis;

it pierces the Adductor magnus, and divides into branches which supply the flexor

muscles of the thigh ; anastomosing with the perforating arteries above, and with

the terminal branches of the profunda below.

Muscular Branches are given ofi'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 arises from the femoral artery just before it passes

through the tendinous opening in the Adductor magnus muscle, and divides into a

superficial and deep branch.

The supeificial branch accompanies the long saphenous nerve, beneath the

Sartorius, and, piercing the fascia lata, is distributed to the integument.

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 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 Aetert.

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 posterior tibial arteries. Through the whole of this extent the artery lies in

the popliteal space.

The Popliteal Space. (Pig. 236.)

Dissection. A vertical incision about eight inches in length should be made along the

back part of the kuee-jouit, 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. 193, p. 304.

On removing the integument, the superficial fascia is exposed, and ramifying

in it along the middle line are found some filaments of the small sciatic nerve, and

towards the inner part some offsets from the internal cutaneous nerve.

The superficial fascia having been removed, the fascia lata is brought into view.

In this region it is strong and dense, being strengthened by transverse fibres, and

firmly attached to the tendons on the inner and outer sides of the space. It is

perforated below by the external saphenous vein. This fascia having been reflected

back in the same direction as the integument, the small sciatic nerve and external

saphenous vein are seen immediately beneath it, in the middle line. If the loose

adipose tissue is now removed, the boundaries and contents of the space may be

examined.

Boundaries. The popliteal space, or the ham, occupies the lower third of the

thigh and the upper fifth of the leg ; extending from the aperture in the Adductor

magnus to the lower border of the Popliteus muscle. It is a lozenge-shaped

space, being widest at the back part of the knee-joint, and deepest above the arti-

cular end of the femur. It is bounded, externally, above the joint, by the Biceps,

and below the joint by the Plantaris 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 floor is

formed by the lower part of the posterior surface of the shaft of the femur, the
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posterior ligament of the knee-joint, the upper end of the tibia, and the fascia

covering the Popliteus muscle, and the space is covered in by the fascia lata.

Gontents. It contains the Pophteal vessels and their branches, together with the
termination of the external saphenous vein, the internal and external popliteal

nerves and their branches, the small sciatic nerve, the articular branch from the

obturator nerve, a few small lymphatic glands, and a considerable quantity of loose

adipose tissue.

Position of contained parts. The internal popliteal nerve descends in the middle
line of the space, lying superficial and a little external to the vein and artery.

The external popliteal nerve descends on the outer side of the space, lying close

to the tendon of the Biceps muscle. More deeply at the bottom of the space are

the popliteal vessels, the vein lying superficial and a little external to the artery,

to which it is closely united by dense areolar tissue ; sometimes the vein is placed

on the inner instead of the outer side of the artery ; or the vein may be double,

the artery lying between the two venas comites, which are usually connected by
short transverse branches. More deeply, and close to the surface of the bone, is

the popliteal artery, and passing off from it at right angles are its articular branches.

The articular branch from the obturator nerve descends upon the popliteal artery

to supply the knee ; and occasionally there is found deep in the space an articular

filament from the great sciatic nerve. The popliteal lymphatic glands, four or

five in number, are found surrounding the artery ; one usually lies superficial to

the vessel, another is situated between it and the bone, and the rest are placed

on either side of it. The bursse usually found in this space are : i. On the outer

side, one beneath the outer head of the Gastrocnemius (which sometimes commu-
nicates with the joint) and one beneath the tendon of the Popliteus, which is almost

always an extension of the synovial membrane. Sometimes also there is a bursa

above the tendon of the Popliteus, between it and the external lateral ligament.

2. On the inner side of the joint there is a large bursa between the inner head ofthe

Gastrocnemius and the femur, which sends a prolongation between the tendons of

the Gastrocnemius and Semimembranosus, and lies in contact with the ligament of

Winslow. This bursa often communicates with the joint. There is a second bursa

between the tendon of the Semimembranosus and the head of the tibia ; and some-

times a bursa between the tendons of the Semitendinosus and Semimembranosus.

The Popliteal Aeteet, in its course downwards froni the aperture in the Ad-
ductor magnus to the lower border of the Popliteus muscle, rests first on the inner,

and then on the posterior surface of the femur ; in the middle of its course, on the

posterior ligament of the knee-joint ; and below, on the fascia covering the

Popliteus muscle. Superficially , it is covered, above, by the Semimembranosus ; iu

the 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 external

to it, until near its termination, when it crosses it and lies to its inner side. The
popliteal nerve is still more superficial and external, crossing, however, the artery

below the joint, and lying on its inner side. Laterally, the artery is bounded by the

muscles which form the boundaries of the popliteal space.

Pecidiarities in point of division.. Occasionally the popliteal artery divides prematurely

into its terminal hranches ; this division occurs most frequently opposite the knee-joint.

Unusual hranches. Th6 artery sometimes divides into the anterior tibial and peroneal, the

posterior tibial being wanting, or very small. In a single case, the popliteal was found to

divide into three branches, the anterior and posterior tibial, and peroneal.

Siirc/ical Anatomy. Ligature of the popliteal artery is required in cases of woimd of that

vessel, but for aneurism of the posterior tibial it is preferable to tie the superficial femoral.

The popliteal maj' be tied in the upper or lower part of its course ; but in the middle of the

ham the operation is attended with considerable difficultj-, 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 integument, along the posterior margin of the Semimem-
branosus, and the fascia lata having been divided, this muscle must be drawn inwards, when
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the pulsation of the vessel will he detected with the finger ; .the nerve lies on the outer or

fibular side of the artery, the vein, superficial and also to its outer side ; the vein having heen
cautiously separated from the artery, the aneurism needle should be passed around the latter

vessel from 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 pre-

ceding operation. An 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 dividing the deep fascia, and separating some dense
cellular membrane, the artery, vein, and nerve will be exposed, descending between the two.

heads of the Gastrocnemius. Some muscidar branches of the popliteal should be avoided if

possible, or if divided, tied immediately. The leg being now flexed, in order the more
efi'ectually 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.

Plan op Relations ot Popliteal Aetekt.
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Popliteus.
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The branches of the popliteal artery are, the

Muscular < , "?®y°^' c< 1

L Interior or bural.

Cutaneous.

Superior external articular.

Supterior internal articular.

Azygos articular.

Inferior external articular.

Inferior internal articular.

The superior muscular branches, two or three in number, arise from the upper
part of the popliteal artery, and are distributed to the Vastus externus and flexor

muscles of the thigh ; anastomosing with the inferior perforating, and terminal

branches of the profunda.

The inferior muscular {Sriral) 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.

Cutaneous branches descend on each side and in the middle of the limb, between
the Gastrocnemius and integument ; they arise separately from the popliteal

artery, or from some of its branches, and supply the integument of the calf.

The superior articular arteries, two in number, arise one on either side of the

popliteal, and wind round the femur immediately above its condyles to the front

of the knee-joint. The internal branch passes beneath the tendon of the Adductor
maguQS, and divides into two, one of which supplies the Vastus internus, inoscu-

lating 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 supei-ior external articular artery. 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 artery; the
E E
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deep brancli supplies the lower jjarfc of the femur and knee-joint, and forms an

anastomotic arch across the bone with the anastomotica magna arterj.

The azygos articular is a small branch, arising from the popliteal artery

opposite the bend of the knee-joint. It pierces the posterior ligament, and

supplies the ligaments and synovial membrane in the interior of the articulation.

The inferior arUcnIar arteries, two in number, arise from the popliteal

beneath the Gastrocnemius, and wind round the head of the tibia, below the

joint. The internal one passes below the inner tuberosity, beneath the internal

lateral lig'ament, 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.

The external one passes outwards above the head of the fibula, to the front of the

knee-joint, lying in its course beneath the outer head of the Gastrocnemius, the

external lateral ligament, and the tendon of the Bicejas muscle, and divides into

branches, which anastomose with the inferior internal articular artery, the superior

articular arteries, and the recurrent branch of the anterior tibial.

Anterior Tibial Akteby. (Pig. 237.)

The anterior tibial artery commences at the bifurcation of the popliteal, at the

lower border of the Popliteus muscle, passes forwards between the two heads

of the Tibialis posticus, and through the aperture left between the bones at the

upper part of the interosseous membi-ane, to the deep part of the front of the leg

;

it then descends on the anterior surface of the interosseous membrane, and of the

tibia, to the front of the ankle-joint, where it lies more superficially, and becomes

the dorsalis pedis. A line drawn from the inner side of the head of the fibula to

midway between the two malleoli will mark the coui-se of the artery.

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 auticus

and Extensor longus digitornm ; in the middle third, between the Tibialis anticus

and Extensor proprius pollicis. In the lower third, it is crossed by the tendon of

the Extensor proprius pollicis, and lies between it and the innermost tendon of the

Extensor longus digitorum. It is covered, in the upper two-thirds 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, annular ligament, and fascia.

The anterior tibial artery is accompanied by two veins (vense comites), which

lie one on either side of the artery
;
the anterior tibial nerve lies at first to its

outer side, and about the- middle of the leg is placed superficial to it ; at the lower

part of the artery the nerve is generally again on the outer side.

Plan of the Relations of the Anteeioe Tibial Artery.
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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
iVom the posterior tibial, or by the anterior di%'ision of the peroneal artery.

236.—The Popliteal, Posterior Tibial,

and Peroneal Arteries.

237.—Surgical Anatomy of the Anterior
Tibial and Doraalis Pedis Arteries

£xtr7-nu
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Course. The artery occasionally deviates in its course towards the fibular side of the leg,

regaining its usual position heneath 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.

San/ical Anatomy. The anterior tibial artery may be tied in the upper or lower part ot

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 through the integument, midway between the spine of the tibia and the outer margin

of the fibula, the fascia and intermii^cular septum 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 fi-om 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

three inches iu length shoidd be made through the integument between the tendons of the

Tibialis anticus and Extensor proprius poUicis muscles, the deep fascia being divided to the

.same extent ; the tendon on either side should be held aside, when the vessel will be seen

lying upon the tibia, with the nerve superficial to it, and one of the venae comites on either

side.

In order to secure the artery over the instep, an incision shoidd be made on the fibular

.side of the tendon of the Extensor proprius pollicis, between it and the innermost tendon of

the long Extensor ; the deep fascia having been divided, the artery will be exposed, the nerve

lying either superficial to it, or to its outer side.

The branches of the antericr tibial artery are, the

Recurrent tibial. Internal malleolar.

Muscular. External malleolar.

The recurrent hranah arises from the anterior tibial, as soon as that vessel has

passed through the interosseous space ; it ascends in the Tibialis anticus muscle,

and ramifies on the front and sides of the knee-joint, anastomosing with the articu-

lar branches of the popliteal.

The muscular branches are numerous ; they are distributed to the muscles which
lie on either side of the vessel, some piercing the deep fascia to supply the in-

tegument, 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
incbes above the articulation, and passes beneath the tendon of the Tibialis anticus

to the inner ankle, upon which it ramifie.s, anastomosing with branches of the

posterior tibial and internal plantar arteries. The external passes beneath the

tendons of the Extensor longus digitorum and Extensor proprius pollicis, and sup-

plies the outer ankle, anastomosing with the anterior peroneal artery, and with

ascending branches from the tarsal branch of the dorsalis pedis.

DoESALis Pedis Aetebt. (Fig. 237.)

The dorsalis pedis, the continuation of the anterior tibial, passes forwards from

the bend of the ankle along the tibial side of the foot to the back part of the first

interosseous space, where it divides into two branches, the dorsalis hallucis and

communicating.

Relations. This vessel, in its course forwards, rests upon the astragalus, sca-

phoid, and internal cuneiform bones and the ligaments connecting them, being

covered by the integument and fascia, and crossed near its termination by the inner-

most tendon of the Extensor brevis digitorum. On its tibial side is the tendon of

the Extensor jjroprius pollicis ; on its fi.bular side, the innermost tendon of the Ex-

tensor longus digitorum, and the termination of the anterior tibial nerve. It is

accompanied by two veins.
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Plan or the Relations or the Doesalis Pedis Artekt.
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Peculiarities in Size. The dorsal artery of the foot may he larger than usual, to compensate
for a deficient plantar artery ; or it may be deficient in its terminal branches to the toes,
which are then derived from the internal plantar ; or its place may be supplied altogether by
a large anterior peroneal artery.

Position. This artery frequentty curves outwards, lying external to the line between the
middle of the ankle and the back part of the first interosseous space.

fSuir/ical Anatomy. This artery may be tied, by making an incision through the integu-
meut, between two and three inches in length, on the fibular side of the tendon of the
Extensor proprius pollicis, in the interval between it and the iuner border of the short
Extensor muscle. The incision should not extend farther forwards than the back part of
the first interosseous space, as the artery divides in that situation. The deep fascia being
divided to the same extent, the artery will be exposed, the nerve Ipng upon its outer
side.

Branches. The branches of the dorsalis pedis are, tlie

Tarsal. Dorsalis pollicis, or liallacis.

Metatarsal. Communicating.

Interosseous.

The tarsal artery arises from the dorsalis pedis, as that ressel crosses the

scaphoid bone ; it passes in an arched direction outwards, lying upon the tarsal

bones, and covered by the Extensor brevis digitornm ; it supplies that mnscle 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, which pass forwards npon the

three outer Dorsal interossei muscles, and, in the clefts between the toes, divide

into two dorsal collateral branches for the adjoining toes. At the back part of

each interosseous space these vessels receive the posterior perforating branches

from the plantar arch ; and at the fore part of each interosseous space, they are

joined by the anterior perforating branches, from the digital arteries. The outer-

most interosseous artery gives oS a branch which supplies the outer side of the

little toe.

The dorsalis hallucls runs forwards along the outer border of the first meta-

tarsal 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 pollicis, and is distribnted to the inner border of the great toe ; the other

branch bifurcating to supply the adjoining sides of the great and second toes.

The communicating artery dips down into the sole of the foot, between the tAvo

heads of the first Dorsal interosseons muscle, and inosculates with the termination

of the externa] plantar artery, to complete the plantar arch. It here gives off two
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digital branches ; one runs along the inner side of the great toe, on its plantar

surface ; the other passes forwards along the first metatarsal space, and bifurcates

for the supply of the adjacent sides of the great and second toes.

PosTEEiOE Tibial Artery. (Pig. 236.)

The posterior tibial is an artery of large size, which extends obliquely down-

wards from the lower border of the PopHteus 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 pollicis, into the internal and external plantar arteries.

At its oi'igin 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.

Belaiions. It lies successively upon the Tibialis posticus, the Flexor longus

digitornm, the tibia and the back part of the ankle-joint. It is covered by the

intermuscular fascia, which separates it above from the Gastrocnemius and Soleus

muscles. In the lower 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

Achillis. It is accompanied by two veins, and by the posterior tibial nerve, 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.

Plan of the Relations op the Posterior Tibial Artery.

In front.

Tibialis posticus.

Flexor longus digitoruin.

Tibia.

Ankle-joint.

Inner stele. / \ Outer side.

. /
Posterior

\

Posterior tibial nerve,
j

Tibial. Posterior tibial nerve,

upper third. \ / lower two-thirds.

Behind.

Gastrocnemius.
Soleus.

Deep fascia and integument.

Behind the Inner AnMe, the tendons and blood-vessels are arranged in the

following order, from within outwards :—First, the tendons of the Tibialis posticus

and Flexor longus digitornm, lying in the same groove, behind the inner mal-

leolus, the former being the most internal. External to these is the posterior

tibial arteiy, having a vein on either side ; and, still more externally, the posterior

tibial nerve. About half an inch nearer the heel is the tendon of the Flexor longus

pollicis.

Peculiarities in Size. The posterior tibial is not unfrequently smaller than usual, or

absent, its place being supplied by 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.

Surgical Anatomy. The application of a ligature to the posterior tibial may be required

in cases of wound of the sole of the foot, attended with great hfemorrhage, 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 wound so as to expose the vessel at the wounded point, excepting

where the vessel is injured by a punctured wound from the front of the leg. In cases

of aneurism from wound of the artery low down, the vessel should be tied iu the middle
of 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 he made thi'ough

the integument, about two inches and a half in length, midway between the lieel and inner

ankle, or a little nearer the latter. The subcutaneous cellular membrane having been
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divided, a stroug- and dense fascia, tlie internal annular lig.ameut, is exposed. Tliis ligfiment

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 cautiousl_y divided
upon a director, the sheath of the vessels is exposed, and being opened, the artery is seen
with one of the vena3 comites on each side. The aneurism needle should be passed round
the vessel from the heel towards the anlde, in order to avoid the posterior tibial nerve, care

being at the same time taken not to include the veure comites.

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 vense 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 ditEcult operation, on account
of the great depth of the vessel from the surface, and its being covered by the Gastrocnemius
and Soleus muscles. 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 having 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 roimd the vessel from without inwards, so as to avoid wounding the posterior

tibial nerve.

The bi'anches of the posterior tibial artery are, the

Peroneal. Nutrient.

Anterior peroneal. Communicating.

Muscular. Internal calcanean.

The Peroneal Artery lies, deeply seated, along tlie back part of the fibular side

of the leg. It arises from the posterior tibial, about an inch below the lower

border of the Popliteus muscle, passes obliquely outwards to tbe fibula, and then

descends along the inner border of that bone to the lower third of the leg, where

it gives off the anterior peroneal. It then passes across the articulation between

the tibia and fibula., to the outer side of the os calcis, supplying the neighbouring

muscles and back of the ankle, and anastomosing with the external malleolar,

tarsal, and external plantar arteries.

Belations. This vessel rests at first upon the Tibialis posticus, and, in the

greater part of its course, in the fibres of the Flexor longus pollicis, in a groove

between the interosseous membrane and the bone. It is covered in the upper part

of its course by the Soleus and deep fascia ; helow, by the Flexor longus pollicis.

Plan of the Relations or the Peeoneal Aeteet.

In front.

Tibialis posticus.

Flexor longus pollicis.
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Peculiarities 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 frecjuently increased than diminished ; and then it either reinforces the
posterior tibial by its junction with it, or altogether takes the place of the posterior tibial

in the lower part 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
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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.

The anterior peroneal is sometimes enlarged, and takes the place of the dorsal artery of

the foot.

The peroneal artery, in its course, gives off branches to the Soleus, Tibialis

posticus, Flexor longus poUicis, and Peronei muscles, and a nutrient branch to

the fibula.

The Anterior Peroneal, the only named branch of the peroneal artery, 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 tertins, to the

outer ankle, ramifies on the front and outer side of the tarsus, anastomosing with

the external malleolar and tarsal 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 of that

bone, which it traverses obliquely from above downwards. This is the largest

nutrient artery of bone in the body.

The muscular branches of the posterior tibial are disti'ibuted to the Soleus and

deep muscles along the back of the leg.

The communicating branch to the peroneal runs transversely across the back

of the tibia, about two inches above its lower end, passing beneath the Flexor

longus pollicis.

The internal calcanean are several large arteries, which arise from the pos-

terior tibial just before its division ; they are distributed to the fat and integu-

ment 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

arteries.

The Internal Plantar Artery (&ga. 238, 239), much smaller than the external,

passes forwards along the inner side of the foot. It is at first situated above * the

Abductor pollicis, 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, inoscu-

lating with its digital branches.

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 meta-

tarsal 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 at first placed between the os calcis and Abductor pollicis, 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 upon the, Interossei

muscles, opposite the tarsal ends of the metatarsal bones, and is covered by the

Adductor pollicis, the flexor tendons of the toes, and the Lumbricales.

Branches. The plantar arch, besides distributing numerous branches to the

muscles, integument, and.fasciffi in the sole, gives off the following branches :

Posterior perforating. Digital—Anterior perforating.

The Posterior Perforating are three small branches, which ascend through the

back part of the three outer interosseous spaces, between the heads of the Dorsal

interossei muscles, and anastomose with the interosseous branches from the meta-

tarsal artery.

* This refers to the erect position of the body. In the ordinary dissection, the artery is

deeper than the muscle.
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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 little toe, passing in its course

beneath the Abductor and short Plexor muscles. The second, third, undfourth run

forwards along the metatarsal 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 of the corresponding metatarsal space,

a small branch, which inosculates with the interosseous branches of the metatarsal

artery. These are the anterior perforating branches.

Prom the arrangement already described of the distribution of the vessels to

the toes, it will be seen that both sides of the three outer toes, and the outer side

238.—The Plaut-av Arteries.

Superficial View.
239.—The Plantar Arteries.

Deep View,

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, being supplied by the dorsalis

hallucis.

PuLMONAET Artery.

The pulmonary artery conveys the venous blood from the right side of the heart

to the lungs. It is a short wide vessel, about two inches in length, arising from
the left side of the base of the right ventricle, in front of the aorta. It ascends

obliquely upwards, backwards, and to the left side, as far as the under surface of

the arch of the aorta, where it divides into two branches of nearly equal size, the

right and left pulmonary arteries.

Relations. The greater part of this vessel is contained, together with the

ascending part of the arch of the aorta, in the pericardium, being enclosed with it

in a tube of serous membrane, continued upwards from the base of the heart,

and has attached to it, above, the fibrous layer of the membrane. Behind, it

rests at first upon the ascending aorta, and higher up lies in front of the left auricle.
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On either side of its origin is the appendix of the corresponding auricle, and a
coronary artery ; and higher np it passes to the left side of the ascending aorta.

A little to the left of its point of bifurcation, it is connected to the nnder 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 rigid pulmonary artery, longer and larger than the left, runs horizontally

outwards, behind the ascending aorta and superior vena cava, to the root of the

right lung, where it divides into two branches, of which the lower, which is

the larger, supplies the lower lobe ; the upper giving a branch to the middle

lobe.

The left indmonary artery, shorter but 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 terminal branches of the pulmonary artery will be described with the

anatomy of the lung.

The author has to acknowledge valuahle aid derived from the following works :

—

Plarrison's ' Surgical Anatomy of the Arteries of the Human Body.' Dublin, 1824.

—

Richard Quain's 'Anatomy of the Arteries of the Human Body.' London, 1844.— Sibson's
' Medical Anatomy ; ' and the other works on General and Microscopic Anatomj^ before

referred to.



Of the Veins.

THE Veins are the vessels w]iich serve to return the blood from the capillaries

of the different parts of the body to the heart. They consist of two distinct

sets of vessels, the pulmonary and systemic.

The Fxdmoiiary Veins, unlike other vessels of this kind, contain arterial blood,

which they return from the lungs to the left auricle of the heart.

The Systemw Veins return the venous blood from the body generally to the

right auricle 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 portae. Prom this

organ, the same blood is conveyed to the inferior vena cava by means of the

hepatic veins.

The veins, like the arteries, are found in nearly every tissue of the body. They
commence by minute plexuses vi'hich communicate with the capillaries. The
branches which have their commencement in these plesuses unite together into

trunks, and these, in their passage towards the heart, constantly increase in size

as they receive branches, and join other veins similar in size to themselves. 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 pul-

monary veins excepted, which do not exceed in capacity the pulmonary arteries.

Prom the combined area of the smaller venous branches 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 not perfectly cylindrical like the arteries, then- walls being-

collapsed when empty, and the uniformity of their surface being interrupted at

intervals by slight contractions, which indicate the existence of valves in their

interior. They usually i-etain, 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 of the spinal canal, and between

the veins composing the various venous plexuses in the abdomen and pelvis, as the

spermatic, uterine, vesical, prostatic, etc.

The veins are subdivided into three sets : superficial, deep, and sinuses.

The Superficial or Cutaneous Veins are found between the layers of superficial

fascia, immediately beneath the integument ; they return the blood from these

structures and communicate with the deep veins by perforating the deep

fascia.

The Deep Veins accompany the arteries, and are usually enclosed in the same

sheath with those vessels. In the smaller arteries, as the radial, ulnar, brachial,

tibial, peroneal, they exist generally in pairs, one lying on each side of the vessel,

and are called vence comitos. The larger arteries, as the axillary, subclavian,

popliteal, and femoral, have usually only one accompanying vein. In certain

organs of the body, however, the deep veins do not accompany the arteries ; for
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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 fi'oni 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 a serous membrane continuous with the

serous 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 is described in the Introduction.

The 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 maybe subdivided into three groups :— 1. The
veins of the exterior of the head. 2. The veins of the neck. 3. The veins of the

diploe and interior of the cranium.

The veins of the exterior of the head are, the

Facial. Temporo-maxillary.

Temporal. Posterior auricular.

Internal maxillary. Occipital.

The Facial Vein passes obliquely across the side of the face, extending from

the inner angle of the orbit, downwards and outwards, to the anterior margin of

the Masseter muscle. It lies to the outer side of the facial artery, and is not so

tortuous as that vessel. It commences in the frontal region, where it is called the

frontal vein ; at the inner angle of the eye it has received the name of the angular

vein ; and from this point to its termination is called the facial vein.

Thefrontal vein commences on the anterior part of the skull, by a venous plexus,

which communicates with the anterior branches of the temporal vein ; 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 trunk, called the nasal arcii. Occasionally, the fronial

veins join to form a single trunk, which bifurcates at the root of the nose into the

two angular veins. At the nasal arch the branches diverge, and run along the side

of the root of the nose. The frontal vein as it descends upon the forehead

receives the supraorbital vein ; the dorsal veins of the nose terminate in the nasal

arch ; and the angular vein 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, which establishes an important anastomosis between this

vessel and the cavernous sinus.

The /acj'aZ vein commences at the inner angle of the orbit, being a continuation

of the angular vein. It passes obliquely downwards and outwards, beneath the

Zygomaticus major muscle, 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 and cervical fascia,

unites with a branch of communication from the temporo-maxillary vein, to form

a trunk of large size which enters the internal jugular.

Bravches. The facial vein receives, near the angle of the mouth, communi-

cating branches from the pterygoid plexus. It is also joined by the inferior

I
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palpebral, the superior and inferior labial veins, the buccal veins from tlie 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
lastly, the ranine vein.

240.—Veins of the Head and Neck.

FnTctat

Covimtmjcattvif

The Temporal Vein commences by a minute plexus on the side and vertex of

the skull, which communicates with the frontal vein 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 is 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 ujsper 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 temporo-maxillary,
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Branches. The temporal vein receives in its conrse 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 Internal Maxillary Vein is a vessel of considerable size, receiving branches
which correspond with those of the internal maxillary artery. Thus it receives

the middle meningeal veins, the deep temporal, the pterygoid, masseteric, and
buccal, some palatine veins, and the inferior dental. These branches form a

large plexus, the pterygoid, which is placed between the Temporal and External

pterygoid, and partly between the Pterygoid muscles. This plexus communicates
very freely with the facial vein, and with the cavernous sinus, by branches

through 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.

The Temporo-Maxillary Vein, formed by the union of the temporal and internal

maxillary vein, descends in the substance of the parotid gland, between the

I'amus of the jaw and the Sterno-mastoid muscle, and divides into two branches,

one of which passes inwards to join the facial vein, the other is continuous

with the external jugular. It receives near its termination the posterior auricular

vein.

The Posterior Auricular Vein commences upon the side of the head, by a

plexus which communicates with the branches of the temporal and occipital veins.

The vein descends behind the external ear and joins the temporo-maxillary, just

before that vessel terminates in the external jugular. This vessel receives the

stylo-mastoid vein, and some branches from the back part of the external ear.

The Occipital Vein commences at the back part of the vertex of the skull, by

a plexus in a similar manner with the other veins. It follows the course of the

occipital artery, passing deeply beneath the muscles of the back part of the neck,

and terminates in the internal jugular, occasionally in the external jugular. As
this vein passes opposite the mastoid process, it receives the mastoid vein, which

establishes a communication with the lateral sinus.

Veins of the Neck.

The veins of the neck, which return the blood from the head and face, are

the

External jugular. Anterior jugular.

Posterior external jugular. Internal jugular.

Vertebral.

The External Jugular Vein receives the greater part of the blood from the

exterior of the cranium and deep parts of the face, being a continuation 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 perpen-

dicularly down the neck, in the direction of a line drawn from the angle of the

jaw to the middle 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 terminates in the subclavian

vein, on the outer side of the internal jugular. 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 superficial cervical nerve, and its upper half is

accompanied by the auricularis 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 jDrovided with two pairs of valves, the lower pair being

placed at its entrance into the subclavian vein, the upper pair in most cases about
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an inch and a half above the clavicle. These valves do not prevent the regurgita-

tion of the blood, or the passage of injection from below upwards.*

Branches. This vein receives the occipital occasionally, the posterior external

juo-ular, and, near its termination, the suprascapular and transverse cervical veins.

It communicates with the anterior jugular, and, in the substance of the parotid,

receives a large branch of communication from the internal jugular.

The Posterior External Jugular Vein returns the blood from the integument

and superficial muscles in the upper and back part of the neck, lying betvs^een

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 Jwjular Vein collects the blood from the integument and muscles

in the middle of the anterior region of the neck. It passes down between the

median line and the anterior border of the Sterno-mastoid, and, at the lower pai't

of the neck, passes beneath that muscle to open into the termination of the

external jugular, or into the subclavian vein (fig. 245). This vein varies con-

siderably in size, bearing almost always an inverse proportion to the external

jugular. Most frequently there are two anterior jugulars, a right and left; but

occasionally only one. This vein receives some laryngeal bx'anches, and occasion-

ally an inferior thyroid vein. Just above the sternum, the two anterior jugular veins

communicate by a transverse trunk, which receives branches from the inferior

thyroid veins. It also communicates with the external and 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 at the

jugular foramen, in the base of the skull, being formed by the coalescence of the

lateral and inferior petrosal sinuses. At its origin it is somewhat dilated, ,and

this dilatation is called the sinus, or gulf, of the internal jugular vein. It runs down
tlie side of the neck in a vertical direction, lying at first on the outer side of the

internal carotid, and then on the outer side of the common carotid, and at the

root of the neck unites with the subclavian vein, to form the vena innominata.

The internal jugular vein, at its commencement, lies upon the Rectus lateralis,

behind, and at the outer side of the internal carotid, and the eighth and ninth

pairs of nerves ; lower down, the vein and artery lie 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 ai-tery
;

on the left side, it usually crosses it at its lower part. The right internal jugular

vein crosses the first part of the subclavian artery. This vein is of 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 jjoint of termination, or

from half to three-quarters of an inch above it.

Branches. This vein receives in its course the facial, lingual, pharyngeal,

superior and middle thyroid veins, and sometimes the occipital. At its point of

junction with the branch common to the temporal and facial veins, it becomes
greatly increased in size.

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

branches, terminate in the internal jugular.

The pharyngeal vein commences in a minute plexus, the pharyngeal, at the

back part and sides of the pharynx, and after receiving meningeal branches, and

the Vidian and spheno-palatine veins, terminates in the internal jugular. It

occasionally opens into the facial, lingual, or superior thyroid vein.

* The student may refer to an interesting paper by Dr. Struthers, ' On Jugular Veue-
.section in Asphyxia, Anatomically and Experimentally Considered, including the Demon-
stration of Valves in the Veins of the Neck,' in the Edinburgh Medical Journal, for

November, 1856.
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. The superior thyroid vein commences in tlie substance and on the surface of the

thyroid gland, by branches corresponding with those 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 branches from the larynx and
trachea, terminates in the lower part of the internal jugular vein.

The occipital vein has been described above.

The Vertebral Vein commences in the occipital region, by numerous small

branches, from the deep muscles at the upper and back part of the neck, passes

outwards, and enters the foramen in the transverse process of the atlas, and
descends by the side of the vertebral artery, in the canal foi-med by the transverse

processes of the cervical vertebras. Emerging from the foramen in the transverse

process of the sixth cervical, it 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 part of the subclavian artery. This

vein, in the lower part of its course, occasionally divides into two branches, one of

which emerges with the artery at the sixth cervical vertebra : the other escapes

through the foramen in the seventh cervical.

Branches. The vertebral vein receives in its course the posterior condyloid

vein, muscular branches from the muscles in the prevertebral region ; dorsi-spinal

veins, from the back part of the cervical portion of the spine ; meningo-rachidian

veins, fi'om the interior of the spinal canal ; and lastly, the ascending and deep

cervical veins.

Veins of the Diptoii.

The diploe of the cranial bones is channelled in the adult by a number of

tortuous canals, which are lined by a more or less complete layer of compact

241.—Veins of the Diploe, as displayed bv the Removal of the
Outer Table of the Skiill.

tissue. The veins they contain are large and capacious, their walls being thin,

and foi'med only of epithelium, resting upon a layer of elastic tissue, and they

present, at irregular intervals, pouch-like dilatations, or cuh de sac, which serve

as reservoirs for the blood. These are the veins of the diploe : they can only be

displayed by removing the outer table of the skull.
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In adult life, as long as the cranial bones are distinct and sepai'able, these veins

are confined to the particular bones ; but in old age, when the sutures are united,

they communicate with each other, and increase in size. These vessels commu-
nicate, 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

of the pericranium. They are divided into the frontal, which opens into the

supraorbital vein, by an aperture at the supraorbital notch ; the anteriur temporal,

which is confined chiefly to the 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 ajserture at the posterior inferior angle of the parietal bone ; and

the occipital, which is confined to the occipital bone and opens either into the

occipital vein, or the occijsital sinus.

Ceeebeal Veins.

The Cerebral Veins are remarkable for the extreme thinness of their coats, in

consequence of the 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 Superficial Cerebral Veins ramify upon the sarface of the brain, being

lodged in the sulci, between the convolutions, a few running across the convolu-

tions. They receive branches from the substance of the brain, and terminate in

the sinuses. They are named, from the position they occupy, superior, inferior,

internal, and external.

The Siiperior Cerebral Veins, seven or eight in number on each side, pass

forwards and inwards towards the great longitudinal fissure, where they receive

the internal cerebral veins, which return the blood from the convolutions of the

flat surface of the corresponding hemisphere ; near their termination, they

become invested with a tubular sheath of the arachnoid membrane, and open into

the superior longitudinal sinus, in the opposite direction to the course of the

blood. The external cerebral veins also open chiefly into these veins.

The Inferior Anterior Cerebral Veins commence on the under surface of the

anterior lobes of the brain, and terminate in the cavernous sinuses.

The Inferior Lateral Cerebral Veins commence on the lateral parts of the

hemispheres, and at the base of the brain : they unite to form from three to five

veins, which open into the lateral sinus from before backwards. One of these

sometimes opens into the superior petrosal sinus.

The Inferior Median Cerebral Veins, which are very large, commence at the

fore part of the under surface of the cerebrum, and from the convolutions of the

posterior lobe, and terminate in the straight sinus behind the venoe Galeni.

The Beep Cerebral, or Ventricular Veins (vente Galeni), are two in number, one

from the right, the other from the left, ventricle. They are each formed by two

veins, the vena corporis striati, and the choroid vein. They run backwards,

parallel with one another, enclosed within the velum interpositum, and pass out

of the brain at the great transverse fissure, between the under surface of the corpus

callosum and the tubercula quadrigemina, to enter the straight sinus.

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 tie choroid vein, to form. One of the

vensB 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.
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The Gerehellar Veins occupy the surface of the cerebellum, and are disposed

in three sets, superior, inferior, and lateral. The superior 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

lateral sinuses. The lateral anterior cerebellar veins terminate in the superior

petrosal sinuses.

Sinuses of the Duka Mater.

The sinuses of the dura mater are venous channels, analogous to the veins,

their outer coat being formed by the dura mater ; their inner, by a continuation

of the serous membrane of the veins. They are fifteen in number, and are

divided into two sets :— i. Those situated at the upper and back part of the skull
;

2. Those at the base of the skull. The former are the

Superior longitudinal. Straight sinus.

Inferior longitudinal. Lateral sinuses.

Occipital sinuses.

The Superior Longitudinal Sinus occupies the attached margin of the falx

cerebri. Commencing at the crista galli, it runs from before backwards, groov-

242.—Vertical Section of the .Skull, showing the Sinuses of the Dura Mater.

ing 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 dividing into the two lateral sinuses. This sinus is triangular in form, narrow
in front, and gradually increasing in si^e as it passes backwards. On examining
its inner sttrface, it presents the internal openings of the cerebral veins, which run,

for the most part, from behind forwards, and open chiefly at the back part of the

sinus, their onfices being concealed by fibrous areola; ; numerous fibrous bands

(chordce Willisii) are also seen, vfhich extend transversely across the inferior angle

of the sinus ; and lastly, some small, white, projecting bodies, the glandute

PaccMoni. This sinus receives the superior cerebral veins, numerous veins from

the diploe and dura mater, and, at the posterior extremity of the sagittal and
parietal suture, veins from the pericranium.
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The point where the saperior longitudinal and lateral sinuses are continuous is

called the confluence of the sinuses, or the torcular Herophili. It presents a
considerable dilatation, of very irregular form, and is the point of meeting of

six sinuses, the superior longitudinal, the two lateral, the two occijjital, and the

straight.

The Inferior Longitudinal Sinus, more correctly described as the inferior longi-

tudinal vein, is contained in the posterior part of the free margin of the falx cerebri.

It is of a circular form, increases in size as it passes backwards, and terminates in

the straight sinus. It I'eceives several veins from the falx cerebri, and occasionally

a few from the flat surface of the hemispheres.

The Straight Sinus is situated at the line ofjunction 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 torcular Herophili. Besides the inferior longitudinal

sinus, it receives the venoe Galeni, the inferior median cerebral veins, and the

superior cerebellar. A few transverse bands cross its interior.

The Lateral Sinuses are of large size, and are situated in the attached margin of

the tentorium cerebelli. They commence at the torcular Herophili, and passing

hoi'izontally outwards to the base of the petrous portion of the temporal bone,

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 occipital, the posterior inferior angle of the parietal, the

mastoid portion of the temporal, and on the occipital again just before its ter-

mination. These sinuses are frequently of unequal size, and they increase in size

as they proceed from behind forwards. The hoidzontal portion is of a triangular

form, the curved portion semi-cylindrical ; their inner surface is smooth, and not

crossed by the fibrous bands found in the other sinuses. These sinuses receive

blood from the superior longitudinal, the straight, and the occipital sinuses ; and
in front they communicate with the superior and inferior petrosal. They com-

municate with the veins of the pericranium by means of the mastoid and posterior

condyloid veins, and they receive the inferior cerebral and inferior cerebellar veins,

and some veins from the diploe.

The Occipital are the smallest of the cranial sinuses. They are usually two in

number, and situated in the attached margin of the falx cerebelli. They commence
by several small veins around the posterior margin of the foramen magnum, which

communicate with the posterior spinal veins, and terminate by separate openings

(sometimes by a single aperture) in the torcular Herophili.

The sinuses at the base of the skull are the

Cavernous. Inferior petrosal.

Circular. Superior petrosal.

Transverse.

The Cavernous Sinuses are named from their presenting a reticulated structure.

They are two in number, of large size, and 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 communicate behind with the petrosal sinuses, and with

each other by the circular and transverse 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

nerves. These parts are separated from the blood flowing along the sinus by the

lining membi'ane, which is continuous with the outer coat of the veins. The
cavity of the sinus, which is lai-ger behind than in front, is intersected by filaments

of fibrous tissue and small vessels. The cavernous sinuses receive the inferior

anterior cerebral veins ; they communicate with the lateral sinuses by means of

the superior and inferior petrosal, and with the facial vein through the

ophthalmic.
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The ophthalmic is a large vein, which connects the frontal vein at the inner angle

of the orbit with the cavernous sinus ; it pursues the same course as the ophthalmic

artery, and receives branches corresponding to those derived from that vessel.

Forming a short single trunk, it passes throagh the inner extremity of the

sphenoidal fissure, and terminates in the cavernous sinus.

243.—The Sinuses at the Base of the Skull.

The Circular Sinus completely surrounds the pituitary body, and communicates

on each side with the cavernous sinus. Its posterior half is larger than the

anterior ; and in old age it is more capacious than at an early period of life. It

receives veins from the pituitary body, and from the adjacent bone and dura

mater.

The Inferior Petrosal Sinus is situated in the groove formed by the junction of

the inferior 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 opens behind into the jugular foramen, forming with the lateral sinus the

commencement of the internal jugular vein. These sinuses are semi-cylindrical

in form.

The Trarisverse Sinus is placed transversely across the fore part of the basOar

process of the occipital bone serving to connect the two inferior petrosal and

cavernous sinuses. A second is occasionally found opposite the foramen magnum.
The Superior Petrosal, Sinus is situated along the upper border of the petrous

portion of the temporal bone, in the front part of the attached margin of the ten-

torium. It is small and narrow, and connects together the cavernous and lateral

sinuses at each side. It receives a cerebellar vein (anterior lateral cerebellar)

from the anteriorborder of the cerebellum, a vein from the internal ear, and sometimes

a cerebral vein (inferior lateral cerebral) from the under part of the middle lobe.
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244.—The Superficial Veins of the

Upper Extremity.

rsfi^i
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VEIN'S OF THE UPPER EXTREMITY.

The veins of the tipper extremity are divided

into two sets, superficial and deep.

The Su2Jerficial Veins are placed immediately

beneath the integument between the two
layers of superficial fascia ; they commence
in the hand chiefly on its dorsal aspect,

where they form a more or less complete

arch.

The Deep Yeins accompany the arteries,

and constitute the ven© comites of those

vessels.

Both sets of vessels are provided with valves

which are more numerous in the deep than in

the superficial.

The superficial veins of the upper extremity

are the

Anterior ulnar.

Posterior ulnar.

Basilic.

Radial.

Cephalic

Median.

Median basilic.

Median cephalic.

The Anterior Ulnar Vein commences on the

anterior surface of the ulnar side of the hand
and wrist, and ascends along the inner side of

the fore-arm to the bend of the elbow, where
it joins with the posterior ulnar vein to form

the basilic. 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 hand,

and from the vein of the little finger (vena

salvatella), situated over the fourth metacarpal

space. It runs on the posterior surface of

the ulnar side of the fore-arm, and just below

the elbow unites with the anterior ulnar vein

to form the basilic.

The Basilic is a vein of considerable size,

formed, by the coalescence of the anterior and
posterior ulnar veins. It is situated along the

inner side of the elbow, receives the median

basilic vein, and passing upwards along the inner

side of the arm, pierces the deep fascia, and
ascends in the course of the brachial artery,

terminating either in one of the venas comites

of that vessel, or in the axillary vein.

The Eadial Vein commences from the dorsal

surface of the thumb, index finger, and radial

side of the hand, by branches communicating

with the vena salvatella, and forming by
their union a large vessel, which ascends along

the radial side of the fore-arm, and receives

numerous branches fi'om both its surfaces. At
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the bend of tlie elbow it receives the median cephalic, when it becomes the

cephalic vein.

The Cephalic Vein courses along the outer border of the Biceps muscle, to the

upper third of the arm ; it then passes in the interval between the Pectoralis major

and Deltoid muscles, accompanied by the descending branch of the thoracico-acro-

mialis artery and the upper external cutaneous branch of the musculo-spiral nerve,

and terminates in the axillary vein just below the clavicle. This vein is occasion-

ally connected with the external jugular or subclavian, by a branch which passes

fi-om it upwards in front of the clavicle.

The Median Vein collects the blood from the superficial structures on the palmar

surface of the hand and middle line of the fore-arm, communicating with the

anterior ulnar and radial veins. At the bend of the elbow, it receives a branch of

communication from the deep veins, accompanying the brachial artery, and divides

into two branches, the median cephalic and median basilic, which diverge from

each other as they ascend.

The Median Geflmlic, usually the smaller of the two, passes outwards in the

groove between the Supinator longus and Biceps muscles, and joins with the

cephalic vein. The branches of the external cutaneous nerve pass behind this

vessel.

The Median Basilic vein passes obliquely inwards, in the groove between the

Biceps and Pronator radii teres, and joins with 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 fore-arm. Filaments of the internal cutaneous

nerve pass in front as well as behind this vessel.*

The Deep Veins of the upper extremittj follow the course of the arteries, forming

their vense comit^s. 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 digital veins, accompanying each artery along the sides of the

fingers ; these, uniting at their base, pass along the interosseous spaces in the palm,

and terminate in the two superficial palmar veins. Branches from these vessels

on the radial side of the hand accompany the superficialis voice, 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

unite, at the elbow, 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 com-

municate with the deep radial and ulnar veins ; at the upper part of the fore-arm

they receive the posterior interosseous veins, and terminate in the vense comites

of the ulnar artery.

The Deep Palmar Veins accompany the deep palmar arch, being formed by
branches which accompany the ramifications of that vessel. They communicate

with the superficial palmar veins at the inner side of the hand ; and on the outer

side terminate in the venos comites of the radial artery. At the WTist, they

receive a dorsal and a palmar branch from the thumb, and unite with the deep

radial veins. Accompanying the radial artery, these vessels terminate in the ven®
comites of the brachial artery.

The Brachial Veins are placed one on each side of the brachial artery, receiving

branches corresponding with those given ofi" from that vessel ; at the lower margin

of the axilla they unite with the basilic to form the axillary vein.

* CruveilLier says :
' Numerous varieties are observed in the disposition of the veins

of the elbow ; sometimes the common median vein is wanting ; but in those cases, its two
branches of bifurcation are furnished by the radial vein, and the cephalic is almost always
in a rudimentary condition. In other cases, only two veins are found at the bend of the

elbow, the radial and ulnar, which are continuous, without any demarcation, with the
cephalic and basilic'
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The deep veins have nnmerons anastomoses, not only with each other, but also

with the superficial veins.

The Axillary Vein is of large size and formed by the continuation upwards
of the basilic vein. It commences at the lower part of the axillary space, increases

in size as it ascends, by receiving branches corresponding with those of the

axillary artery, and terminates immediately beneath the clavicle at the outer mar-

gin 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. Opposite the Subscajsularis, it is joined by a

large vein, formed by the junction of the vence comites of the brachial ; and 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.

The Subclavian Vein, the continuation of the axillary, extends from the outer

margin of the first rib to the inner end of the sterno- clavicular articulation, where

it unites with the internal jugular, to form the vena innominata. It is in relation,

in front, with the clavicle and Subclavius muscle ; behind, with the subclavian

artery, from which it is separated internally by the Scalenus anticus and phrenic

nerve. Below, it rests in a depression on the first rib and upon the pleura.

Above, it is covered by the cervical fascia and integument.

The subclavian vein occasionally rises in the neck to a level with the third part

of the subclavian artery, and in two instances has been seen passing with this

vessel behind the Scalenus anticus. This vessel is provided with valves about an
inch from its termination! in the innominate, just external to the entrance of the

external jugular vein.

Branches. It receives the external and anterior jug-ular veins and a small branch

from the cephalic, outside the Scalenus ; and on the inner side of that muscle, the

internal jugular vein.

The VENiE Innominate; (fig. 245) are two large trunks, placed one on each side

of the root of the neck, and formed by the union of the internal jugular and

subclavian veins of the corresponding side.

The Eight Ve7ia Innominata is a short vessel, about an inch and a half in length,

which commences at the inner end of the clavicle, and, passing almost vertically

downwards, joins with the left vena innominata just below the cartilage of the first

rib, to form the superior vena cava. It lies superficial and external to the arteria

innominata ; on its right side the pleura is interposed between it and the apex of

the lung. This vein, at its angle of junction with the subclavian, receives the

right vertebral vein, and right lymphatic duct ; and, lower down, the right internal

mammary, right inferior thyroid, and right superior intercostal veins.

The Left Vena Innominata, about three inches in length, and larger than the

right, passes obliquely from left to right across the upper and front part of the

chest, to unite with its fellow of the opposite side, forming the superior vena cava.

It is in relation, in front, with the sternal end of the clavicle, the sterno-

clavicular articulation, and the first 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 tissue. Behind, it lies across the roots of the

three large arteries arising from the arch of the aorta. This vessel is joined by the

left vertebral, left inferior thyroid, left internal mammai-y, and the left superior

intercostal veins, and occasionally some thymic and pericardiac veins. There are

no valves in the venas innominatte.

Peculiarities. Sometimes the innominate veins open separately into the right auricle

;

in siich cases the right vein takes the ordinary course of the superior vena cava, but

the left vein, after communicating hy a small branch with the right one, passes in front of

the root of the left lung, and turning to the hack of the heart, receives the cardiac veins, and

terminates in the back of the right auricle. This occasional condition of the veins in the

adult, is a regular one in the foetus at an eai'ly period, and the two vessels are persistent

in birds and some mammalia. The subsequent changes which take place in these vessels are
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the following : The communicating branch between the two 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 coro-

nary sinus ; a remnant of the

obliterated vessel is seen in

adult life as a fibrous 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 pericardium.

The mternal mammary
veins, two in number to

each artery, follow the

course of that vessel, and

receive branches corre-

sponding with those de-

rived from it. The two
veins of each side unite

into a single trunk, which

terminates in the innomi-

nate vein.

The inferior thyroid

veins, two, frequently three

or four in number, arise in

the venous plexus on the

thyroid body, communicat-

ing with the middle and
superior thyroid veins. The
left one descends in front

of the trachea, behind the

Sterno-thyroid muscles,

communicating with its

fellow by transverse

branches, and terminates

in the left vena innomi-

nata. The right one, which

is placed a little to the

right of the median line,

opens into the right vena

innominata., just at its

junction with the superior

cava. These veins receive

tracheal and inferior laryn-

geal branches, and are

provided with valves at

their termination in the

innominate veins.

The Superior Inter-

costal Veins return the

blood from the upper in-

tercostal spaces.

The right superior in-

tercostal, much smaller

than the left, closely corre-

sponds with the superior

intercostal artery, receiv-

ing the blood from the first,

245.—The Vense Cavse and Azjgos Veins,
with their Formative Branches.

J^nferna/Jtyxilnr
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or first and second intercostal spaces, and terminates in the rigM vena innominata.

Sometimes it passes down, and opens into the vena azygos majov.

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 vena

innominata, The left bronchial vein opens into it.

The SuPEEiOE 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
vense innominatas. It commences immediately below the cartilage of the first rib

on the right side, and descending vertically, enters the pericardium about an inch

and a half above the heart, and terminates in the upper part of the right auricle.

In its course, it describes a slight curve, the convexity of which is turned to the

right side.

Relations. In front, with the thoracic fascia, which separates it from the

thymus gland, and from the sternum ; hehind, with the root of the right lung. On
its right side, with the phrenic nerve and right pleura ; on its left side, with the

ascending part of the aorta. The portion contained within the pericardium is

covered by the serous layer of that membrane, in its anterior three-fourths. It

receives the vena azygos major, just before it enters the pericardium, and several

small veins from the jDericardium and parts in the mediastinum. The superior

vena cava has no valves.

The AzTGOS Veins connect together the superior and inferior vense cavse,

supplying the place of those vessels in the part of the chest which is occupied by
the heart.

The larger, or rigid azygos vein, commences opposite the first or second lumbar

vertebra, by a branch from the right lumbar veins ; sometimes by a branch from
the renal vein, or from 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 third dorsal vertebra, where 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,

covered by the pleura.

Branches. It receives nine or ten lower intercostal veins of the right side, the

vena azygos minor, several oesophageal, mediastinal, and vertebral veins ; near its

termination, the right bronchial vein ; and is occasionally connected with the right

superior intercostal vein. A few imperfect valves are found in this vein ; but its

branches 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 loiver, or smaller azygos vein, commences in the lumbar region, by a

branch from one of the lumbar veins, or from the left renal. It passes into the

thorax, through the left cms of the Diaphragm, and, ascending on the left side of

the spine, as high as the sixth or seventh dorsal vertebra, passes across the column,

behind the aorta and thoracic duct, to terminate in the right azygos vein. It

receives the four or five lower intercostal veins of the left side, and some ossophageal

and mediastinal veins.

The left upper azygos vein varies according to the size of the left superior

intercostal. It receives veins from the intercostal spaces between the left superior

intercostal vein, and highest branch of the left lower azygos. They are usually

two or three in number, and join to form a trunk which ends in the right azygos

vein, or in the left lower azygos. When this vein is small, or altogether wanting, the

left superior intercostal vein will extend as low as the fifth or sixth intercostal space.
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The hronchial veiiis return the blood from the substance of the lungs ; that of
the right side opens into the vena azygos major, near its termination ; that of the
left side, into the left superior intercostal vein.

The Spinal Veins.

The numerous venous plexuses placed upon and within the spine may be
arranged into four sets.

1. Those placed on the exterior of the spinal column (the dorsi-spinal veins).

2. Those situated in the interior of the spinal canal, between the vertebrae and
the theca vertebralis (meningo-rachidian veins).

3

.

The veins of the bodies of the vertebrie.

4. The veins of the spinal cord (medulli-spinal).

1. The Dorsi-Spinal Veins commence by small branches, which receive their

blood from the integument of the back of the spine, and from the muscles in the

vertebral grooves. They form a complicated network, which surrounds the

spinous processes, the laminffi, and the transverse and articular processes of all the

vertebroe. At the basis of the transverse processes, they communicate, by means
of ascending and descending branches, with the veins surrounding the contiguous

vertebras, and they join with the veins in the spinal canal by branches which
perforate the ligamenta subtlava; they terminate in the intervals between the arches

of the vertgbroe, 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 principal veins contained in the spinal canal are situated between the

theca vertebralis and the vertebrae. They consist of two longitudinal plexuses,

one of which runs along the posterior surface of the bodies of the vertebra?

throughout the entire length of the spinal canal (anterior longitudinal spinal

veins), receiving the veins belonging to the bodies of the vertebrea (venas basis

vertebrarum). The other plexus (posterior longitudinal spinal veins) is placed on
the inner, or anterior surface of the laminis of the vertebrae, and extends also along

the entire length of the spinal canal.

The Anterior Longitudinal Spinal Veins consist of two large, tortuous, venous
canals, which extend along the whole length of the vertebral column, from the

foramen magnum to the base of the coccyx, being placed one on each side of the

posterior surface of the bodies of the vertebrfB, external to the posterior common
ligament. These veins communicate together opposite each vertebra, by transverse

trunks, which pass beneath the ligament, and receive the large venas basis verte-

brarum, 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 either side, between the inner surface of the laminse and the theca verte-

bralis. They communicate (like 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, at the intervertebral foramina,

join with the dorsi-spinal veins.

3. The Veins of the Bodies of the Vertebrce (vente basis vertebrarum) emerge

from the foramina on their posterior surface, and join the transverse trunk

connecting the anterior longitudinal spinal veins. They are contained in largo

tortuous channels, in the substance of the bones, similar in every respect to those

found in the diploe of the cranial bones. These canals lie parallel to the upper and

lower surface of the bones, arise from the entire circumference of the vertebra,

communicate with veins which enter through the foramina on the anterior surface
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of tbe bodies, and converge to the principal canal, wliicli is sometimes double

towards its posterior part. They become greatly developed in advanced age.

4. The Veins of the Spinal Cord (mednlli-spinal) consist of a minute tortuous

venous plexus which covers the entire surface of the cord, being situated between

246.—Tran.sverse Section of a Dorsal Vertebra, showing the Spinal Veins.

the pia mater and arachnoid. These vessels emerge chiefly from the posterior

median furrow, 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 ver-

247.—Vertical Section of two Dorsal Vertehrte, showing the Spinal Veins.

tebral veins, and then terminate in the inferior cerebellar veins, or in the petrosal

sinuses. Each of the spinal nerves is accompanied by a branch as far as the inter-

vertebral foramina, where they join the other veins from the spinal canal.

Thei'e are no valves in the spinal veins.
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VEINS OF THE LOWER EXTREMITY.

248.—The Internal or Long
Saphenous Vein and its Branches.

\

The veins of the lower extremity are subdivided, like those of the upper, into

two sets, superficial and deep ; the superficial veins being placed beneath the

integument, between the two layers of superficial

fascia ; the deep veins accompanying the arteries,

and forming the vense comites of those vessels.

Both sets of veins are provided with valves, which

are more numerous in the deep tban in the super-

ficial set. These valves are also more numerous
in the lower tban in the upper limb.

The Superficial Vehis of the lower extremity are

the internal or long saphenous, and the external

or short saphenous.

The internal saphenous vein (fig. 248) com-

mences from a minute plexus, which covers the

doi'sum and inner side of the foot ; it ascends in

front of the inner ankle, and along the inner side

of the leg, behind the inner margin of the tibia,

accompanied by the internal saphenous nerve.

At the knee, it passes backwards behind 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 femo-

ral vein about an inch and a half below Poupart's

ligament. This vein receives in its course cuta-

neous branches from the leg and thigh, and at the

saphenous opening the superficial epigastric, su-

perficial 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 a large branch ; 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 origin of

the Soleus muscle, 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. 249) is

formed by branches which collect the blood from

the dorsum and outer side of the foot ; it ascends

behind the outer ankle, and along the outer border

of the tendo Achillis, across which it passes at an

acute angle to reach the middle line of the pos-

terior 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

\
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Vein.

muscle. It is accompanied by the external saphenons nerve. It receives numerous

large brandies from the back part of the leg, and communicates with the deep

veins on the dorsum of the foot, and behind the

249.—Extenml^or_ Short Saphenous outer malleolus. This vein has only tvfo valves,

one of which is always found near its termination

in the popliteal vein.

The Deep Veins of the lower extremity accom-

pany the arteries and their branches, and are

called the venoe comites of those vessels.

The external and internal plantar veins unite

to form the posterior tibial. They accompany
the posterior tibial artery, and are joined by the

peroneal veins.

The anterior tibial veins are formed by a con-

tinuation upwards of the vense comites of the

dorsalis pedis artery. They perforate the in-

terosseous membrane at the upper part of the

leg, 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 veuEB comites of the anterior and posterior

tibial vessels ; it ascends through the popliteal

space to the tendinous aperture in the Adductor

magnus, where it becomes the femoral vein. In

the lower part of its course, it is placed internal

to the artery ; between the heads of the Gastro-

cnemius, 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 in this vein are usually

four in number.

The Femoral Vein accompanies the femoral

artery through the upper two-thirds of the thigh.

In the lower part of its course, it lies external to:

the artery ; higher up, it is behind it ; and be-

neath. Poupart's ligament, it lies to its inner side,

and on the same plane. It receives numerous
muscular branches ; the profunda femoris joins it

about an inch and a half below Poupart's ligament, and near its termination the

internal saphenous vein. The valves in this vein are four or five in number.

The External Iljac Vein commences at the termination of the femoral, be-

neath the crural arch, and passing upwards along the brim of the pelvis, terminates

opposite the sacro-iliac symphysis, by uniting with the internal iliac to form the

common iliac vein. On the right side, it lies at first along the inner side of

the external iliac artery ; but as it passes upwards, gradually inclines behind it.

On the left side, it lies altogether on the inner side of the artery. It receives,

immediately above Poupart's ligament, the epigastric and circumflex iliac veins.

It has no valves.

The Inteenal Iliac Vein is formed by the vente comites of the branches of

the internal iliac artery, the umbilical arteries excepted. It receives the blood

from 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 heemorrhoidal 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 size,

their frequent anastomoses, and the number of valves which they contain. The
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internal iliac vein lies at first on the inner side 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 hcemorrhoklal jylexus surrounds the lower end of the rectum, being formed
by the superior hsemorrhoidal veins (branches of the inferior mesenteric), and the

middle and inferior hasmorrhoidal, which terminate in the internal iliac. The
portal and general venous systems have a free communication by means of the

branches composing this plexus.

The vesico-prostatie plexus surrounds the neck and base of the bladder and

prostate gland. It communicates with the heemorrhoidal plexas behind, and
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

reflection of the pelvic fascia. The veins composing it are very liable to become
varicose, and often contain hard earthy concretions, called phleboUtlis.

The dorsal vein of the penis is a vessel of large size, which returns the blood

from the body of that organ. At first it consists of two branches, which are con-

tained in the groove on the dorsum of the penis, and it receives veins from the

glans, the corpus spongiosum, and numerous superficial veins ; these unite near the

root of the penis into a single tinink, which pierces the triangular ligament beneath

the pubic arch, and divides into two branches, which enter the prostatic plexDS.

The vaginal plexus snrrounds the mucous membrane, being especially developed

at the orifice of the vagina ; it communicates with the vesical plexus in front, and

with the hsemorrhoidal plexus behind.

The uterine plexus is situated along the sides and superior angles of the uterus,

receiving large venous canals (the uterine sinuses) from its substance. The veins

composing this plexus anastomose frequently with each other and with the ovarian

veins. They are not tortuous like the arteries.

The Common Iliac Veins are formed by the union of the external and internal

iliac veins in front of the sacro-vertebral articulation
;
passing obliquely upwards

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 rigM commnn iliac is shorter than

the left, nearly vertical in its direction, and ascends behind and then to the outer

side of its corresponding artery. The left common iliac, longer and more oblique

in its course, is at first situated on the inner side of the corresponding artery, and
then behind the right common iliac. Bach common iliac receives the ilio-lumbar

and sometimes the lateral sacral veins. The left receives, in addition, the middle

sacral vein. No valves are found in these veins.

The middle sacral vein accompanies its corresponding artery along the front of

the sacrum, and terminates in the left common iliac vein ; occasionally in the com-
mencement of the inferior vena cava.

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 right vein to

form the vena cava. In these cases, the two common iliacs are connected by a small com-
municating branch at the spot where they are usually united.

The InfeeioeVena Cava returns to the heart the blood from all the parts below

the Diaphragm. It is formed by the junction of the two common iliac veins on

the right side of the intervertebral substance between the fourth and fifth lumbar

vertebras. It passes upwards along the front of the spine, on the right side of the

aorta, and having reached the under surface of the liver, is contained in a groove

in its posterior border. It then perforates the tendinous centre 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 during foetal life.

Belations. In front, from below upwards, with the mesentery, transverse por-

tion of the duodenum, the pancreas, portal vein, and the posterior border of the
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liver, which partly and occasionally completely surrounds it ; hehind, with the

vertebral column, the right crus of the Diaphragm, the right renal and lumbar

arteries ; on the left side, with the aorta. It receives in its course the following

branches :

Lumbar. Suprarenal.

Eight spermatic. Phrenic.

Renal. Hepatic.

Peculiarities. In Position. This vessel is sometimes placed on the left side of the aorta,

as high as the left renal vein, after receiving' which, it crosses over to its usual position on
the right side ; or it may be placed altogether on the left side of the aorta, as far upwards as

its termination in the heart : in such cases, the abdominal and thoracic viscera, together with

the great vessels, are all transposed.

Point of Termination. Occasionally, the inferior vena cava joins the right azygos vein,

which is then of large 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 terminate directly in the right auricle.

The lumbar veins, three or four in number on each side, collect the blood by

dorsal branches from the muscles and integument of the loins, and by abdominal

branches from the walls of the abdomen, where they communicate with the

epigastric veins. At the spine, they receive branches from the spinal plexuses, and

then pass forwards round the sides ofthe bodies of the vertebrse beneath the Psoas

magnus, and terminate at the back part of the inferior cava. The left lumbar veins

are longer than the right, and pass behind the aorta. The lumbar veins commu-
nicate with each other by branches which pass in front of the transverse processes.

Occasionally, two or more of these veins unite to form a single trunk, the ascending

lumbar, which 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 branches

from the epididymis ; they form a branched and convoluted plexus, called the

spermatic plexns (plexus pampiniformis) , below the abdominal ring: the vessels

composing this plexus are very numerous, and ascend along the cord in front of

thevas deferens ; having entered the abdomen, they coalesce to form two branches,

which ascend on the Psoas muscle, behind the peritoneum, lying one on each side

of the spermatic artery, and unite to form a single vessel, which opens on the right

side in the inferior vena cava, at an acute angle, on the left side in the left renal

vein, at a right angle. The spermatic veins are provided with valves. The left

spermatic vein passes behind the sigmoid flexure of the colon, a part of the intestine

in which fsecal accumulation is common ; this circumstance, as well as the indirect

communication of the vessel with the inferior vena cava, may serve to esplain the

more frequent occurrence of varicocele on the left side.

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, communi-
cating with the uterine plexus. They terminate as in the male. Valves are

occasionally found in these veins. These vessels, like the uterine veins, become
much enlarged during pregnancy.

The renal veins are of large size, and placed in front of the renal arteries.*

The left is longer than the right, and passes in front of the aorta, just below the

origin of the superior mesenteric artery. It receives the left spermatic and left

inferior phrenic veins. It usually opens into the vena cava, a little higher than
the right.

The suprarenal vein terminates, on the right side, in the vena cava ; on the left

side, in the left renal or phrenic vein.

The phrenic veins follow the course of the phrenic arteries. The two sujierior,

* The student may observe that all veins above the Diaphragm, which do not lie on the
same plane as the arteries which they accompany, lie in front of them ; and that all veins
below the Diaphragm, which do not lie on the same plane as the arteries which they accom-
pany, lie behind them, except the renal and profunda femoris vein.
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of small size, accompany the phrenic nerve and comes nervi phrenici artery ; the
right terminating opposite the junction of the two venae innominatse, the left in the

left superior intercostal or left internal mammary. The two 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 termi-

nations of the vena port® : these branches, gradually uniting, form three large

veins, which converge towards the posterior border 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 obliqnelj'- into the 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.

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 porfcse) 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 of this vein are in all cases single, and destitute

of valves.

The veins forming the portal system are, the

Inferior mesenteric. Splenic.

Superior mesenteric. Gastric.

The inferior mesenteric vein returns the blood from the rectum, sigmoid flexure,

and descending colon, corresponding with the ramifications of the branches of the

inferior mesenteric artery. Ascending beneath the peritoneum in the Inmbar

region, it passes behind the transverse portion of the duodenum and pancreas, and

terminates in the splenic vein. Its hajmorrhoidal branches inosculate with those

of the internal iliac, and thus establish a communication between the portal and

the general venous system.*

The superior mesenteric vein returns the blood from the small intestines, and

from the Cfficum and ascending and transverse portions of the colon, corresponding

with the distribution of the branches of the superior mesenteric artery. The largo

trunk formed by 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 gastro-epiploic 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 behind the upper border of the pancreas, and terminates

at its greater end by uniting at a right angle with the superior mesenteric to form

the vena portffi. 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 pancreatico-duodenal

vein, and the inferior mesenteric vein.

The gastric is a vein of small size, which accompanies the gastric artery from

left to right along the lesser curvature of the stomach, and terminates in the vena

ftse.

The Portal Vein is formed by the junction of the superior mesenteric and

* 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 left renal vein and the veins of the intestines, especially of the colon and

duodenum, and between superficial branches of the portal veins of the liver and the phrenic

veins, as pointed out by Mr. Kiernan (Todd and Bowman).

I
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splenic veins, their union taking place ui front of the vena cava, and behind the

upper border of the great end of the pancreas. Passing upwards through the

right border of the lesser omentum to the under surface of the liver, it enters the

transverse fissure, where it is somewhat enlarged, forming the sinus of the portal

vein, and divides into two branches, which accompany the ramifications of the

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 four inches in length, and, whilst contained in the lesser omentum, lies

behind and between the hepatic duct and artery, the former being to the right, 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

250.—Portal Vein and its Brannlio.s.

I

areolar tissue (capsule of Glisson), and placed between the layers of the lesser

omentum. The vena port® receives the gastric and cystic veins ; the latter vein

sometimes terminates in the right branch of the vena portse. Within the liver

the portal vein receives the blood from the branches of the hepatic artery.

GG
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Cardiac Veins.

The veins which return the blood from the substance of the heart are, the

Great cardiac vein. Anterior cardiac veins.

Posterior cardiac vein. Venee Thebesii.

The Great Cardiac Vein is a vessel of considerable size, which commences at

the apex of the heart, and ascends along the anterior interventricular groove to

the base of the ventricles. It then curves to the left side, around the auricalo-

ventricular groove, between the left auricle and ventricle, to the back part of

the heart, and opens into the coronary sinus, its aperture being guarded by two
valves. It receives the posterior cardiac vein, and the left cardiac veins from

the left auricle and ventricle, one of which, ascending along the left margin of

the ventricle, is of large size. The branches joining it are provided with

valves.

The Posterior Cardiac Vein commences, by small branches, 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 coronai-y

sinus, its orifice being guarded by a valve. It receives the veins from the posterior

surface of both ventricles.

The Anterior Cardiac Veins are three or four small branches, which collect 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 Vence Thebesii are numerous minute veins, which return the blood

directly from the muscular substance, without entering the venous current. They
open by minute orifices (foramina Thetesii), on the inner surface of the right

auricle.

The Coronary Sinus is that portion of the great cardiac vein which is situated

in the posterior part of the left auriculo-ventricular groove. It is about an inch,

in length, presents a considerable dilatation, and is covered by the muscular fibres

of the left auricle. It receives the great cardiac vein, the posterior cardiac vein,

and an oblique vein from the back part of the left auricle, the remnant of the

obliterated left innominate trunk of the fcstus, described by Mr. Marshall. The
coronary sinug terminates in the right auricle, between the inferior vena cava

and the auriculorventricular aperture, its orifice being guarded by a semilunar

fold of the lining membrane of the heart, the coronary valve. All the branches

joining this vessel, excepting the oblique vein above mentioned, are provided with

valves.

The Pulmonary Veins.

The Puhnonary Veins return the arterial blood from the lungs to the left auricle

of the heart. 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 parietes of the bronchial cells, where

they are continuous with the ramifications of the pulmonary artery, and, uniting

together, form a single ti'unk for each lobule. These branches, uniting succes-

sively, 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 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.
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Within the lung, the branches of the pulmonary artery are in front, the veins

hehind, and the bronchi between 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 ascendiug aorta ; the left pass in front of the thoracic aorta, with the left

pulmonary artery.

I



Of the Lymphatics.

THE Lymphatics have derived their name from the appearance of the fluid con-

tained in their interior (lympha, water). They are also called absorhents,

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 lym-

phatics 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 texture

and organ of the body, with the exception of the substance of the brain and

spinal cord, the eyeball, cartilage, tendon, the membranes of the ovum, the

placenta, and umbilical cord, the nails, cuticle, and hair. Their existence in the

substance of bone is doubtful.

The lymphatics are arranged into a superficial and deep set. The superficial

lymphatics, on the surface of the body, are placed immediately beneath the integu-

ment, accompanying the superficial veins ; they join the deep lymphatics in certain

situations by pei'forating 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 areolar tissue in the cranial,

thoracic, and abdominal cavities. The method of their origin is described along

with the other details of their minute anatomy in the Introduction. Here it

will be sufiicient to say that a plexiform 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 capillaiy plexus. From these networks small vessels

emerge, which pass, either to a neighbouring gland, or to join some larger lym-

phatic trunk. The deep lymphatics, fewer in number, and larger than the super-

ficial, accompany the deep blood-vessels. Their mode of origin is not known
;

it

is, however, probably, similar to that of the superficial vessels. The lymphatics of

any part or organ 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 retaining the same diameter.

The lymphatic or absorbent glands, named also conglobate glands, are small

solid glandular bodies, situated in the course of the IjTnphatic and lacteal vessels.

They are found in the neck and on the external parts of the head ; in the upper

extremity, in the axilla and in front of the elbow ; in the lower extremity, in the

groin and popliteal space. In the abdomen, they are found in large numbers in

the mesentery, and along the side of the aorta, vena cava, and iliac vessels ; and
in the thorax, in the anterior and posterior mediastina. They are somewhat
flattened, and of a round or oval form. 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 adult 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 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 named afferent vessels. As they enter, their external coat becomes con-

tinuous with the capsule of the gland, and the vessels, much thinned, and consisting
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only of their internal coat and epitlielinm, pass into the gland, where they subdivide

and pnrsue a tortaous course ; and they finally anastomose, so as to form a plexus.

The vessels composing this plexus unite to form two or more efferent vessels, which,

on emerging from the gland, are again invested with their external coat. Further

details on the minute anatomy of the lymphatic vessels and glands will be found in

the Introduction.

Thoeacic Duct.

The thoracic duct (fig. 251) conveys the great mass of the lymph and chyle

into the blood. It is the common trunk of all the lymphatic vessels of the body,

excepting those of the right

251.—The Thoracic and Right Lymphatic Duct. side of the head, neck, and

thorax, and right upper ex-

tremity, the right lung, right

side of the heart, and the

convex surface of the liver.

It varies from eighteen to

twenty inches in length in

the adult, and extends from

the second lumbar vertebra

to the root of the neck. It

commences in the abdomen
by a triangular dilatation, the

receptaculum chyli (reservoir

or cistern of Pecquet), which

is situated upon the front of

the body of the second lumbar

vei-tcbra, to the right side

and behind the aorta, by the

side of the right cms of the

Diaphragm. It ascends into

the thorax through the aortic

opening in the Diaphragm,

and is placed in the posterior

mediastinum in front of the

vertebral column, lying be-

tween the aorta and vena

azygos. Opposite the fourth

dorsal vertebra, it inclines to-

wards the left side and ascends

behind the arch of the aorta,

on the left side of the oeso-

phagus, and behind the first

portion of the left subclavian

artery to the upper orifice of

the thorax. Opposite the

upper border of the seventh

cervical vertebra, it curves

downwards above the sub-

clavian artery, and in front of

the Scalenus anticus muscle,

so as to form an arch ; and

terminates near the angle of

junction of the left inteimal

jugular and subclavian veins.

The thoracic duct, at its com-

mencement, is about equal in

size to the diameter of a goose-
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quill, diminishes considerably in its calibre in the middle of the thorax, and

is again dilated just before its termination. It is generally flexuous in its course,

and constricted at intervals so as to present a varicose ajjpearance. The thoracic

duct not unfrequently divides in the middle of its course into two branches of

unequal size, which soon re-unite, or into several branches which form a plexi-

form interlacement. It occasionally bifurcates, 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 subclavian vein, in connection with the

right lymphatic duct. The thoracic 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 regurgitation of venous blood into

the duct.

Brandies. The thoracic duct, at its commencement, receives four or five large

trunks 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, receives the lymphatics of the left side of the head and

neck, and left upper extremity.

Structure. 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 layer

of epithehum, resting upon some striped lamellse, and an elastic fibrous coat, the

fibres of which run in a longitudinal direction. The middle coat consists of a layer

of connective tissue, beneath which are several laminae of muscular tissue, the

fibres of which are disposed transversely, and intermixed with the elastic fibres.

The external coat is composed of areolar tissue, with elastic fibres and isolated fasci-

culi of muscular fibres.

The Right Lymphatic Duct is a short ti'unk, about an inch in length, and a line

or a line and a half in diameter, which receives the lymph from the right side of

the head and neck, the right upper extremity, the right side of the thorax, the

light lung and right side of the heart, and from the convex surface of the liver,

and terniinates at the angle of union of the right subclavian and right internal

jugular veins. Its orifice is guarded by two semilunar valves, which prevent the

entrance of blood from the veins.

Lymphatics of the Head, Face, and Neck.

The Superficial Lymphatic Glands of the Head. (fig. 252) are of small size, few in

number, and confined to its posterior region. They are the occipital, placed at the

back of the head along the attachment of the occipito-frontalis ; and the posterior

auricular, near the upper end of the Sterno-mastoid. These 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 submaxillary, the largest, beneath the body of the lower jaw.

The superficial lymphatics of the head are divided into an anterior and a

posterior set, which follow the course of the temporal and occipital vessels. The
temporal set accompany the temporal artery in fixjnt of the ear, to the parotid

lymphatic glands, from which they proceed to the lymphatic glands of the neck.

The occipital set follow the course of the occipital artery, descend to the occipital

and posterior auricular lymphatic glands, and from thence join the cervical

glands.

The superficial lymphatics of the face are more numerous than those of the

head, and commence over its entire surface. Those from the frontal region ac-

company the frontal vessels ; they then pass obliquely across the face, running with
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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

disease of those parts.

The deep lymphatics 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 fossas ; they accompany the branches of the internal

maxillary artery, and terminate in the deep parotid, and cervical lymphatic glands.

The deep lymphatics of the cranium consist of two sets, the meningeal and
cerebral. The meningeal lymphatics accompany the meningeal vessels, escape

252.—The Superficial Lymphaiics and Glands of the Head, Face, and Neck.

through foramina at the base of the skull, and join the deep cervical lymphatic

glands. The cerebral lymphatics are described by Eshmann as being situated

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,

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.

The Lymphatic Glands of the Necle are divided into two sets, superficial and

deep.

The superficial cervical glands are placed in the course of the external jugular

vein, between the Platysma and sterno-mastoid. They are most numerous at the



456 LYMPHATICS

root of tbe neck, in the triangular interval between tlie clavicle, the Stemo-

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.

The deep cervical glands (fig. 253) are numerous and of large size ; they form

an uninterrupted 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 cavity.

253.—The Deep Lymphatics and Glands of the Neck and Thorax.

The superficial and deep cervical lympliatics are a continuation of those already

described on the cranium and face. After 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 i-ight lymphatic

duct.

Lymphatics of the Upper Extremity.

The Lymphatic Glands of the upper extremity (fig. 254) may be subdivided into

two sets, superficial and deep.
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The siifei-ficial lymphatic glands are few and of small size. There are occasion-

ally two 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 also few in number. In the fore-arm a few

small ones are occasionally found in the course of the radial and ulnar vessels
;

and in the arm, there is a chain of small glands along the inner side of the brachial

artery.

254.—The Superficial Lymphatics and Glands of the Upper Extremity.

Ax.Var,, Gl«udi

The axillary glands are of large size, and usiially teti oi' twelve in ntimber. A
chain of these glands surrounds the axillary vessels imbedded 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, as
far as the mammary gland, receiving the lymphatics from the front of the chest
and mamma ; and others are placed along the lower margin of the posterior wall
of the axilla, which receive the lymphatics from the integument of the back. Two
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or three subclavian lymphatic glands are placed immediately beneath the clavicle
;

it is through these that the axillary and deep cervical glands communicate with

each other. One is figured by Mascagni near the umbilicus. 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, fore-arm, and arm, the axillary glands are liable to

be found enlarged.

The superficial lymphatics of the upper extremity arise from the skin of the

hand, and run along the sides of the fingers chiefly on the dorsal surface of the

hand ; they then pass up the fore-arm, and subdivide into two sets, which take

the course of the subcutaneous veins. Those from the inner border of the band
accompany the ulnar veins along the inner side of the fore-arm to the bend of the

elbow, where they join with some lymphatics from the outer side of the fore-arm
;

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
join the basilic group ;

the rest ascend with the cephalic vein on the outer side

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 subclavian

lymphatic glands.

The deep hjmpliatics of the upper extremity accompany the deep blood-vessels.

In the fore-arm, they consist of three sets, corresponding with the radial, ulnar,

and interosseous arteries ; they pass through the glands occasionally 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.

Lymphatics of the Lowek Exteemitt.

The Lymphatic Glands of the lower extremity may be subdivided into two sets,

superficial and deep ; the former are confined to the inguinal region.

The superficial inguinal 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 abdomen, perineal and gluteal regions ; and an inferior group, which

surround the saphenous opening in the fascia lata, a few being sometimes con-

tinned along the saphenous vein to a variable extent. The latter receive the

superficial lymphatic vessels from the lower extremity. These glands fi-equently

become enlarged in diseases imphcating the parts from which their lymphatics

originate. Thus in malignant or syphilitic aifections of the prepuce and penis,

or of the labia niajora in the female, in cancer scroti, in abscess in the perimeum,

or in any other disease affecting the integument and superficial structures in those

parts, or the sub-umbilical part of the abdomen or gluteal region, the upper chain

of glands is almost invariably enlarged, the lower chain being implicated in

diseases affecting the lower limb.

The deep lymphatic glands are, the anterior tibial, popliteal, deep inguinal,

gluteal, and 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 deep popliteal glands, four or five in number, are of small size ; they surround
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255.—The Superficial Lymptatics and
Glands of the Lower Extremity.

tLe popliteal vessels, imbedded in the

cellular tissue and fat of 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 ischiatio glands are

placed, the former above, the latter below

the Pyriformis muscle, resting on their

corresponding vessels as they pass through

the great sacro-sciatic foramen.

The Lymphatics of the lower extremity,

like the veins, may he divided into two

sets, superficial and deep.

The superficial lymphatics are placed

between the integument and superficial

fascia, and are divisible into two groups

:

an internal group, which follow the

course of the internal saphenous vein
;

and an external group, which accom-

pany the external saphenous. The
internal group, the larger, commences
on the inner side and dorsum of the

foot ; they pass, some in front, and
some behind the inner ankle, ran up the

leg with the internal saphenous vein, pass

with it behind the inner condyle of the

femur, and accompany it to the groin,

where they terminate in the group of in-

guinal glands which surround the saphen-

ous opening. Some of the efferent vessels

from these 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 in-

wards, to join the lymphatics on the

inner side of the thigh. Others com-

mence 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 popliteal glands.

The deep lympiliatics of the lower ex-

tremity are fewin number, and accompany

the deep blood-vessels. In the leg, they

consist of three sets, the anterior tibial.
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peroneal, and posterior tibial, wbich accompany tte corresponding blood-vessels,

two or three to each artery ; they ascend with the blood-vessels, and enter the

lymphatic glands in the popliteal space ; the efferent vessels from these glands

accompany the femoral vein, and join the deep inguinal glands ; from these, the

vessels pass beneath Ponpart's ligament, and communicate with the chain of glands

surrounding the external iliac vessels.

The deep lymphatics 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 deep lymphatic glands in the pelvis are, the external iliac, the internal iliac,

and the sacral. Those of the abdomen are the lumbar glands.

The external iliac glands form an uninterrupted chain round the external iliac

vessels, three being placed round the commencement of the vessels just behind the

crural arch. They communicate below with the femoral lymphatics, and above

with the lumbar glands.

The internal iliac glands surround the internal iliac vessels ; they receive the

lymphatics corresponding to the branches of the internal iliac artery, and commu-
nicate 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

lumbar vertebrae, surrounding the common iliac vessels, the aorta and vena cava

;

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 the com-

mencement of the thoracic duct. In some cases of malignant disease, these glands

become enormously enlarged, completely surrounding the aorta and vena cava,

and occasionally greatly contracting the calibre of those vessels. In all cases of

malignant disease of the testis, and 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 lymphatics of the pelvis and abdomen may be divided into two sets, superficial

and deep.

The superficial lymphatic^ of the walls of the abdomen and pjelvisioWo'w the 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 epi-

gastric vessels, and converge to the superior group of the superficial inguinal

glands ; the deep set accompany the deep epigastric vessels, and communicate with

the external iliac glands. The superficial lymphatics 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

Uio-lumbar and lumbar vessels, to join the lumbar glands.

The superficial lymphatics of the gluteal region turn horizontally round the outer

side of the nates, and join the superficial inguinal glands.

The superficial lymphatics of the scrotum and perinceum follow the course of the

external pudic vessels, and terminate in the superficial inguinal glands.

The superficial lymphatics 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.
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In the female, the lymphatic vessels of the mucous membrane of the labia,

nymphee, and clitoris, terminate in tlie upper chain of the inguinal glands

.

The deej} lymphatics of the pelvis and ahdomen 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.

256,—The Deep Lymphatic Vessels and Glands of the Abdomen and Pelvis.

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, circumflex iliac,

and ilio-lumbar lymphatics.

The hjmphatics of the bladder arise from the entire surface of the organ ; the
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gi-eater mimber run beneatli the peritoneum on its posterior surface, and, after

passing through the lymphatic glands in that situation, join with the lymphatics
from the prostate and vesiculsg seminales, and enter the internal iliac glands.

The lymphatics 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

or lumbar glands.

The lymphatics of the uterus consist of two sets, superficial and deep : the former
being placed 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 mth 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 lymphatics 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, open
into the lumbar glands ; hence the enlargement of these glands in malignant

disease of the testis.

The lymphatics of the kidney arise on the surface, and also in the interior of the

organ ; they join at the hilum, and, after receiving the lymphatic vessels from the

ureter and suprarenal capsules, open into the lumbar glands.

The lymphatics of the liver are divisible into two sets, superficial and deep.

The former arise in the sub-peritoneal areolar tissue over the entire surface of the

organ. Those on the convex surface may be divided into four groups :— i. Those
which pass from behind forwai-ds, 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 Diaphi-agm, behind the ensiform cartilage, to enter

the anterior mediastinal glands, and finally ascends to the root of the neck, to

terminate in the right lymphatic duct. 2. Another group, which 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 cms 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 ifinder surface of the Hver are divided into three

sets :— I. Those on the right side of the gall-bladder enter the lumbar glands.

2. 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 curvatui'e 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 transverse

fissure, they enter the lymphatic glands along the lesser curvature of the stomach

and behind the pancreas, or join with one of the lacteal vessels previous to its

termination in the thoracic duct.

The lyriiphatic glands of the stomach are of small size ; they are placed along

the lesser and greater curvatures, some within the gastro-splenic omentum, whilst

others surround the cardiac and pyloric orifices.

The lymphatics of the stomach consist of two sets, superficial and deep ; the

former originating in the subserous, and the latter in the submucous coat. They
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follow the course of the blood-vessels, and may, consequently, be arranged into

three groups. The first group accomjDany the coronary vessels along the lesser

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, accompany 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

vessels.

The lymphatic glands of the spleen occupy the hilum. Its lymphatic vessels

consist of two sets, superficial and deep ; the former are placed beneath its

peritoneal covering, the latter in the substance of the organ : they accompany the

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 of the small intestine are placed between the layers of

the mesentery, occupying the 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 below

opposite the termination of the ileum in the colon. This latter group becomes

enlarged and infiltrated with deposit in cases of fever accompanied with 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 lymphatics of the small intestine are called lacteals, from the milk-white

fl.uid they usually contain : they consist of two sets, superficial and deep : the

former lie beneath the peritoneal coat, 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 lymphatics of the large intestine consist of two sets : those of the caacum,

ascending and transverse colon, which, after passing through their proper glands,

enter the mesenteric glands ; and those of the descending colon and rectum, which

pass to the lumbar glands,

The Lymphatics op the Thorax.

The deep lymphatic glands of the thorax are the intercostal, internal mammary,
anterior mediastinal, and posterior mediastinal.

The intercostal glands are small, irregular in number, and situated on each side

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.

The anterior mediastinal glands are placed in the loose areolar tissue of the

anterior mediastinum, some lying upon the Diaphragm in front of the pericardium,

and others round the great vessels at the base of the heart.

The posterior viediastinal glands are situated in the areolar tissue in the

posterior mediastinum, forming a continuous chain by the side of the aorta and
oesophagus ; they communicate on each side with the intercostal, below with the

lumbar glands, and above with the deep cervical.
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The swperficial lymphatios of thefront of the thorax run across tlie great Pectoral

muscle, and those on the back part of this cavity lie upon the Trapezius and Latis-

simus dorsi ; they all converge to the axillary glands. The lymphatics from the

mamma run along the lower border of the Pectoralis major, through a chain of

small lymphatic glands, and communicate with the axillary glands.

The deep lymphatics of the thorax are the intercostal, internal mammary, and

diaphragmatic.

The intercostal lymphatics 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.

After traversing the intercostal glands, they incline down the spine, and terminate

in the thoracic duct.

The internal mammary lymphatics follow the course of the internal mammary
vessels ; they commence iu the muscles of the abdomen above the umbilicus

comniutiicating 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, terminating on the

right side in the right lymphatic duct, on the left side in the thoracic duct.

The lymphatics 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 hepatic lymphatics.

The bronchial glands are situated round the bifurcation of the trachea and

roots of the lungs. They are ten or twelve in number, the largest being placed

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 deposits of phosphate of

lime.

The lymphatics 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 bloods-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 lymphatics' consist of two sets, superficial and deep ; the former

arise in the subserous areolar tissue of the surface, and the latter beneath the

internal lining membi'ane 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 of the left side unite into a single vessel at the 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 lymphcttios arise from the spinal surface of the thymus gland, and

terminate on each side in the internal jugular veins.

The thyroid lymphatics arise from either lateral lobe of this organ ; they

converge to form a short trunk, which terminates on the right side in the right

lymphatic duct, on the left side in the thoracic duct.

The lymphatics of the cesophagus form a plexus round that tube, traverse

the glands in the posterior mediastinum, and, after communicating with the

pulmonary lyifiphatic vessels near the roots of the lungs, terminate in the thoracic

duct.



Nervous System.

THE Nervous System is composed: i. of a series of connectect central organs,

called, collectively, the cerebro-spival centre or axis ; 2. of the ganglia ; and

3. of the nerves.

The Cerebro-Spinal Centre consists of two parts, the spinal cord and the ence-

phalon : the latter may be subdivided into the cerebrnm, the cerebellnm, the pons

Varolii, and the medulla oblongata.

The Spinal Cord axd its Membranes.

Dissection. To dissect the cord and its membranes, it will be necessary to lay open the

whole length of the spinal canal. For this purpose, the muscles must be separated from
the vertebral grooves, so as to expose the spinous processes and lamiuse of the vertebree

;

and the latter must be sawn through on each side, close to the roots of the transverse

processes, from the third 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

loose areolar tissue, often infiltrated with serous fluid. The arches of the upper vertebrte

are best divided by means of a strong pair of cutting bone-forceps.

Membranes of the Cord.

The membranes which envelope 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 pia mater, a cellulo-vascnlar membrane,

which closely invests the entire surface of the cord. Between the two is the

arachnoid membrane, an intermediate serous sac, which envelopes the cord, and is

then reflected on the inner snrfaoe of the dura mater.

The DuEA Mater of the cord, continuons with that which invests the brain, is

a loose sheath which surrounds the cord, and is separated from the bony walls of

the spinal canal by a quantity of loose areolar adipose tissue, and a plexus of veins.

It is attached to the circumference of the foramen magnum, and to the posterior

common ligament, throughout the whole length of the spinal canal, by fibrous

tissue ; and extends, below, as far as the top of the sacrum ; but, beyond this

point, it is impervious, being continued, in the form of a slender cord, to the back

of the coccyx, where it blends with the periosteum. This sheath is much larger

than is necessary for its contents, and its size is gi-eater in the cervical and lumbar

regions than in the dorsal. Its inner surface is smooth, covered by a layer of

polygonal cells ; and on each side may be seen the double openings which trans-

mit 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 they issue

from 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 compared with that

investing the brain, are the following :

HH
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257.- -The Spinal Oord and
its Membranes.

The dura mater of the cord is Bot adherent to the

bones of the spinal canal, which have an independent

periosteum.

It does not send partitions into the iissures of the

cord, as in the brain.

Its fibrous laminse do not separate, to form venous
sinuses, as in the brain.

Structure. The dura mater consists of white

fibrous tissue, arranged in bands which intersect

one another. It is sparingly supplied with vessels
;

and no nerves have as yet been traced into it.

The Arachnoid is exposed by slitting up the dura
mater, and reflecting that membrane to either side

(fig. 257). It is a thin, delicate serous membrane,
which invests the outer surface of the cord, and is

then reflected upon the inner surface of the dura

mater, to which it is intimately adherent. Above,
it is continuous with the cerebral arachnoid

; below,

it is reflected on the various nerves, so that its parie-

tal and visceral layers become continuous with each

other. The visceral layer is the jaortion which sur-

rounds the cord, and that which lines the inner surface

of the dura mater is called the parietal layer ;* the

interval between the two is called the cavity of the

arachnoid. The visceral layer forms a loose sheath

around the cord, so as to leave a considerable interval

between the two, which is called the suh-arachnoidean space. This space is largest

at the lower part of the spinal canal, and encloses the mass of nerves which form
the Cauda equina. It contains an abundant serous secretion, the cerebro-spinal

fluid, and usually communicates with the general ventricular cavity of the brain,

by means of an opening in the fibrous layer of the inferior boundary of the fourth
ventricle. This secretion is sufficient in

amount to expand the arachnoid mem-
brane, so as to completely fill up the whole

of the space included in the dura mater.

The sub-aracknoidean space is crossed, at

the back part of the cord, by numerous
fibrous bands, which stretch from the

arachnoid to the pia mater, especially in

the cervical region, and is partially sub-

divided by a longitudinal membranous
jsartition, which serves to connect the

arachnoid with the pia mater, opposite

the posterior median fissure. This partition is incomplete, and cribriform in struc-

ture, consisting of bundles of white fibrous tissue, interlacing with each other. The
visceral layer of the arachnoid surrounds the spinal nerves where they arise from

the cord, and encloses them in a tubular sheath as far as their point of exit from

the dura mater, where it becomes continuous with the parietal layer.

The arachnoid is destitute of vessels. No nerves have as yet been traced into

this membrane.

The Pia Mater of the cord is exposed on the removal of the arachnoid (fig. 257).

It is less vascular in structure than the pia mater of the brain, with which it is

continuous, being thicker, more dense in structure, and composed of fibrous tissue,

arranged in longitudinal bundles. It covers the entire surface of the cord, to

258.- -Transverse Section of the Spinal

Oord and its Membranes.

* Kolliker denies that the inner surface of the dura mater is covered by an outer layer

of the arachnoid, and states that nothing is found here except an epithelial layer, no trace

of a special membrane existing-.
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whicli it is very intimately adherent, forming its neurilemma, and sends a process

downwards into its anterior fissure, and another, extremely delicate, into the

posterior fissure. It also forms a sheath for each of the filaments of the spinal

nerves, and invests the nerves themselves. A longitudinal fibrous band extends

along the middle line on its anterior surface, called by Haller the linea splendens
;

and a somewhat similar band, the ligamentum denticulatum, is situated on each

side. At the point where the cord terminates, the pia mater becomes contracted,

and is continued down as a long, slender filament (Jilimi terminale), which

descends through the centre of the mass of nerves forming the cauda equina, and

is blended with the impervious sheath of dura mater, on a level with the top of

the sacral canal. It assists in maintaining the cord in its position during the

movements of the trunk, and is, from this circumstance, called the central liga-

ment of the spinal cord. It contains a little grey nervous substance, which may be

traced for some distance into its upper part, and is accompanied by a small artery

and vein.

Structure. The pia mater of the cord, though less vascular than that which

invests the brain, contains a network of delicate vessels in its substance. It is

also supplied with nerves, which are derived from the sympathetic, and from the

posterior roots of the spinal nerves. At the upper part of the cord, the pia mater

presents a greyish, mottled tint, which is owing to yellowish or brown pigment
cells being scattered within its tissue.

The Ligamentimi Denticulatum (fig. 257) 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, having 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, serving to unite together the two layers of the arachnoid membrane.
These serrations are about twenty in number, on each side, the first being

attached to the dura mater, opposite the margin of the foramen magnum, be-

tween 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.

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

sixteen or seventeen inches, apd its weight, when divested of its membranes and

nerves, about one ounce and a half, its proportion to the encephalon being about

I to 33. It does not nearly fill the canal in which it is contained, its investing

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 sub-

stance, which is continued for some distance into thefilum terminale. In the fcetus,

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 bones composing

the canal is more rapid in proportion than that of the cord ; so that, in the child

at birth, the cord extends as far as the third lumbar vertebra. Its position varies

also according to the degree of curvature of the spinal column, being raised some-

what in flexion of the spine. On 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 the third cervical to the first 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

H H 2
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opposite the last dorsal vertebra, 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. It presents, on its anterior

surface, along the middle line, a longitudinal fissure, the anterior median fissure

;

and, ou its posterior surface, another fissure, which also extends along the entire

length of the cord, the posterior median fissure. These fissures serve to divide

the cord into two symmetrical halves, which are united in the middle line,

throughout their entire length, by a transverse band of nervous substance, the

commissure.

The Anterior median fissure is wider, but of less

depth than the posterior, extending into the cord for
"^pi"^f'orthe°' Fislfres^ aJd

about one-third of its thickness, and is deepest at Oolumns.
the lower part of the cord. It contains a prolonga-

tion from the pia mater ; and its floor is formed by

the anterior white commissure, which is perforated
i

by numerous blood-vessels, passing to the centre of

the cord.
:

The Posterior median fissure is much more deli-

cate than the anterior, and most distinct at the upper

and lower parts of the cord. It extends into the

cord to about one-half of its depth. It contains a

very slender process of the pia mater, and numerous

blood-vessels, and its floor is formed by a thin layer

of white substance, ihe posterior white commissure.

Some anatomists state that the bottom of this fissure

corresponds to the grey matter, except in the cervical region, and at a point
corresponding to the enlargement in the lumbar region.*

Lateral Fissures. On either side of the anterior median fissure, a linear series

of foramina may be observed, indicating the points where the anterior roots of
the spinal nerves 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.

And on either side of the posterior median fissure, a.long the lin-e of attachment of

the posterior roots of the nerves, a delicate fissure may be seen, leadin-o- down to
the grey matter which approaches the surface in this situation

; this is called the
postero-lateral fissure of the spinal cord. On the posterior surface of the spinal

cord, on either side of the posterior median fissure, is a slight lono-jtudinal furrow
marking oif two slender tracts, the posterior median columns. These are most
distinct in the cervical region, but are stated by Foville to exist throughout the
whole length of the cord.

Columns of the Cord. The fissures divide each half of the spinal cord into four
columns, an anterior column, a lateral column, a posterior column, and a posterior

median column.

The anterior .column includes all the portion of the cord between the anterior

median fissure and the antero-lateral fissure, from which the anterior roots of

the nerves arise. It is continuous with the anterior pyramid of the medulla
oblongata.

The lateral column, the largest segment of the cord, includes all the portion

between the antero- and postero-lateral fissures. It is continuous with the

lateral column of the medulla. By some anatomists, the anterior and lateral

columns are included together, under the name of the antero-lateral column, which
forms rather more than two-thirds of the entire circumference of the cord.

The posterior column is situated between the posterior median and postero-

lateral fissures. It is continuous with the I'estiform body of the medulla.

The posterior median column is that narrow segment of the cord which is seen on

* This was the teaching of Vicq d'Azyr, who is followed by Sappey and most of the best
modern anatomists. On the other hand, Meckel strongly aifirms the e.xistence of a distinct

posterior white commissure.
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each side of the posterior median fissure, usually included with the preceding, as

the posterior column.

Structure of the Gord. If a transverse section of the spinal cord be made, it

will be seen to consist of white and grey nervous substance. The white matter

is situated externally, and constitutes the greater part. The grey substance

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 and posterior horn. The posterior horn is long and narrow, and
approaches the surface of the postero-lateral fissure, near which it presents a

slight enlargement. 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 stellate appearance. Owing
to the projections towards the surface of the anterior and posterior horns of the

grey matter, each half of the cord is divided, more or less completelj^, 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 qnite reach the

surface.

The grey commissure, which connects the two crescentic masses of grey matter,

is separated from the bottom of the anterior median fissure by the anterior white
commissure ; and from the bottom of the posterior fissure by the posterior white

commissure. The grey commissure consists of a transverse band of grey matter

and of white fibres, derived from the opposite half of the cord and the posterior

roots of the nerves. The anterior commissure is formed of fibres, partly from
the anterior column, and partly from the fibrils of the anterior roots of the spinal

nerves,, which decussate as they pass across from one

260.—Transverse Sections of to the other side.

the Cord. The mode of arrangement of the grey nratter,

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

;

Opposite Middle^ervical region, short and narrower, in the dorsal ; short, but wider,

in the lumbar region. In the cervical region, the cres-

centic portions are 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 also small in quantity. In

Opposite Middle of Dorsal region, the lumbar region, the grey matter is more abundant

than in any other region of the cord. Towards the

lower end of the cord, the white matter gradually

ceases. The crescentic portions of the gvey matter

soon blend into a single mass, which forms the only

constituent of the extreme point of the cord.

Opposite Lumbar region. The minute anatomy of the cord is described in

the Introduction.

The Brain and its Membranes,

Dissection. To examine the brain with its membranes, the skuU-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 occipital

protuberance. Then break the internal table with the chisel and hammer, to avoid injuring

the investing membranes or brain ; loosen, and forcibly detach the skull, 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 dura mater, arachnoid- membrane, and pia

mater.
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DoEA Matee.

The dui-a mater is a thick aad dense inelastic fibrous membrane, which lines

the interior of the skull. Its outer surface is rough and fibrillated, and adheres

closely to the inner surface of the bones, forming their internal periosteum, this

adhesion being more intimate opposite the sutures and at the base of the skull

;

at the margin of the foramen magnum, it becomes continuous with the dura

mater lining the spinal canal. Its inner surface is smooth and epitheliated,

being lined bj the parietal layer of the arachnoid. The dnra mater is, therefore,

a fibro-serous membrane, composed of an external fibrous lamella and an internal

serous layer. It sends numerous processes inwards, into the cavity of the skull,

foi- 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 pericraniam ; 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 cascum ; it lines the olfactory

gToove, and sends a series of tubular jarolongations round the filaments of the

olfactory nerves as they pass through the cribriform plate ; 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 certain situations in the skull

already mentioned, the fibrous layers of this membrane separate, to form sinuses

for the passage of venous blood. Upon the upi^er surface of the dura mater, in

the situation of the longitudinal sinus, may be seen numerous small whitish bodies,

the glandulce Pacchioni.

Structure. The dura mater consists "of white fibrous and elastic tissues, arranged

in flattened laminas, which intersect one another in every direction.

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. In the middle fossa are the middle

and small meningeal, branches of the internal maxillary, and a third branch from

the ascending pharyngeal, which enters the skull through the foramen lacerum

basis cranii. In the posterior fossa, are the meningeal branch of the occipital,

which enters the skull through the jugular foramen ; the posterior meningeal, from

the vertebral ; and occasionally meningeal branches from the ascending pharyngeal,

which enter the skull, one at the jugular foramen, the other at the anterior con-

dyloid foramen.

The veins, which return.the blood from the dura mater, and partly from the

bones, anastomose with the diploic veins. These vessels terminate in the various

sinuses, with the exception of two which accompany the middle meningeal artery,

and pass out of the skull at the foramen spinosuni.

The nerves of the dura mater are, the recurrent branch of the fourth, and
filaments from the Casserian ganglion, from the ophthalmic nerve, and from the

sympathetic.

The so-called glandulse Pacchioni are numerous small whitish granulations,

usually collected into clusters of variable size, which are found in the following

situations:— i. Upon the outer surface of the dura mater, in. the vicinity of the

superior longitudinal sin-us, being received into little depressions on the inner

surface of the calvarium. 2. On the inner surface of the dura mater. 3. In the

superior longitudinal sinus. 4. On the pia mater, near the margin of the hemi-

spheres.

These bodies are not glandular in structure, but consist of a fibro-cellalar matrix

orio-inally developed from the pia mater ; by their gi-owth they produce absorption

or separation of the fibres of the dui-a mater ; in a similar manner they make their

way into the superior longitudinal sinus, where they are covered by the lining

membrane. The cerebral layer of the arachnoid in the situation of these growths

is usually thickened and opaque, and adherent to the parietal portion.
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These bodies are not found in infancy, and very rarely until the third year.

They are usually found after the seventh year ; and from this period they increase

in number as age advances. Occasionally they are wanting.

Processes of the Dura Mater. The processes of the dura mater, sent inwards
into the cavity of the skull, are three in number, the falx cerebri, the tentorium

cerebelli, and the fals cerebelli.

The falx cerebri, so named from its sickle-like form, is a strong arched process

of the 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 process 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 fi-ee, concave, and presents a sharp curved edge, wMch contains

the inferior longitudinal sinus.

The tentorium cerebelli is an arched lamina of dura mater, elevated in the

middle, and inclining downwards towards the circumference. It covers the upper

surface of the cerebellum, sup]porting the posterior lobes of the brain, and jjre-

ventiug their pressure upon it. It is attached, behind, by its convex border, to

the transverse ridges upon the inner surface of the ocoijoital bone, and there

encloses the lateral sinuses ; in front, to the superior margin of the petrous portion

of the temporal bone, enclosing the superior petrosal sinuses, and from the apex of

this bone, on each side, is continued to the anterior and posterior clinoid processes.

Along the middle line of its upper surface, the posterior border of the falx cerebri

is attached, the straight sinus behig placed on their point of junction. Its anterior

border is free and concave, and presents a large oval opening for the transmission

of the crura cerebri.

The falx. 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 under surface of the occipital bone.

As it descends, it sometimes divides into two smaller folds, which are lost on the

sides of the foramen mag-num.

Akachnoid Memeeanb.

The arachnoid (apax''ih fi^os, Ulce a spider's iveb'), so named from its extreme
thinness, is the serous membrane which envelopes the brain, and is then reflected

on the inner surface of the dura mater. Like other serous membranes, it is a shut

sac, and consists of a parietal and a visceral layer.

The parietal layer covers the inner surface of the dura mater,* and gives that

membrane its smooth and polished surface ; it is also reflected over those surfaces

which separate the hemispheres of the brain and cerebellum.

The visceral layer invests the brain more loosely, being separated from direct

contact with tlie cerebral substance by the pia mater, and a quantity of loose areolar

tissue, the subarachnoidean. On the upper surface of the cerebrum, the arachnoid

is thin and transparent, and may be easily demonstrated by injecting a stream of

air beneath it by means of a blowi>ipe ; it passes over the convolutions without

dipping down into the sulci between them. At the base of the brain the arachnoid

is thicker, and slightly opaque towards the central jjart ; it covers the anterior

lobes, and is extended across between the two middle lobes, so as to leave a con-

siderable interval between it and the brain, the anterior subarachnoidean space

;

it is closely adherent to tke pons and under surface of the cerebellum ; but between

* Kblliker denies this ; and states, that the inner svu'face of the dura mater is covered

with pavement epithelium, but haa no other investai4,ut whijh can be regarded as a parietal

layer of the arachnoid.
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tlie hemispiieres of the cerebellimi and tlie medulla oblongata another considerable

interval is left between it and the brain, called the posterior suharachnuidean space.

These two spaces communicate together across the crura cerebri. 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, where it becomes con-

tinuous with the parietal layer.

The subarachnoid space is the interval between the ai-achnoid and pia mater :

this space is narrow on the surface of the hemispheres ; but at the base of the

brain a wide interval is left between the two middle lobes, and behind, between

the hemispheres of the cerebellum and the medulla oblongata. This space is the

seat of an abundant serous secretion, the cerebro-spinal fluid, which fills up the

interval between the arachnoid and pia mater. The subarachnoid space usually

communicates with the general ventricular cavity of the brain by means of an
opening in the inferior boundary of the fourth ventricle.

The sac of the arachnoid also contains serous fluid ; this is, however, small in

quantity compared with the cerebro-sjjinal fluid.

Structure. The arachnoid consists of bundles of white fibrous and elastic tissues

intimately blended together. Its outer surface is covered with a layer of scaly

epithelium. It is destitute of vessels, and the existence of nerves in it has not

been satisfactorily demonstrated.

The cerehro-spinal fluid fills up the subarachnoid space, keeping the opposed

surfaces of the arachnoid membrane in contact. It is a clear, limpid fluid, having

a saltish taste, and a slightly alkaline reaction. According to Lassaigne, it consists

of 98'5 parts of water, the remaining i'5 per cent, being solid matters, animal and

saline. It varies in quantity, being most abundant in old persons, and is quickly

reproduced. Its chief use is probably to afford mechanical protection to the

nervous centres, and to prevent the efiects of concussions communicated from

without,

Pia Mater.

The pia mater is a vascular membrane, and derives its blood from the intei'nal

carotid and vertebral arteries. It consists of a minute plexus of blood-vessels,

held together by an extremely fine areolar tissue. It invests the entire surface

of the brain, dipping down between the convolutions and laminas, 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 fi*om 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 sub-

stantia perforata and locus perforatus, a number of long straight vessels are given

ofi', which 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. Upon the crura cerebri and pons Varolii its characters are

altogether changed ; it here presents a dense fibrous structure, marked only by
slight traces of vascularity.

According to Fohmann and Arnold, this membrane contains numerous lymphatic

vessels. Its nerves are derived from the sympathetic, and also from the third,

sixth, seventh, eighth, and" spinal accessory. They accompany the branches of the

arteries.

The Beain.

The brain {encephahii) is that portion of the cerebro-spinal axis that is con-

tained in the cranial cavity. It is divided into four priacipal 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
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fossas of the base of the skull, and separated posteriorly from the cerebellum by

the tentorium, cerebelli. Aboat the middle of its under surface is a narrow con-

stricted portion, part of which, the crura cerebri, is continued onwards into the

pons Varolii below, and through it to the medulla oblongata and spinal cord
;

whilst another portion, the criira cerebelli, passes down into the cerebellum.

The cerehelluvi (little brain or after brain) is situated in the inferior occipital

foss£e, being separated from the under surface of the posterior 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 and body of the sphenoid bone. It constitutes the bond

of union of the various segments above named, receiving, above, the crura from the

cerebrum ; at the sides, the crura from the cerebellum ; and below, the medulla

oblongata.

The medulla oblongata extends from the lower border of the pons Varolii to the

upper part of the spinal cord. It lies beneath the cerebellum, resting on the 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 49l- 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 prevaiUng weight

of the brain, in the male, ranges between 46 oz. and 53 oz. ; and, in the female,

between 41 oz. and 47 oz. In the male, the maximum weight out of 278 cases

was 65 oz., and the minimum weight 34 oz. The maximum weight of the adult

female brain, out of 191 cases, was 56 oz., and the minimum weight 3 1 az. 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 appears 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.

The human brain is heavier than that of all the lower animals, excepting

the elephant and whale. The brain of the former weighs from 8 lb. to 10 lb.

and that of a whale, in a specimen seventy-five feet long, weighed rather more
than 5 lb.

Medulla Oblongata.

The medulla oblongata is the upper enlarged part of the spinal cord, and extends

from the upper border of the atlas to the lower border of the pons Varolii. It is

directed obliquely downwards and backwards ; 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 cerebellum, forming the floor of the fourth

ventricle. It is pyramidal in form, its broad extremity directed upwards, its:

lower end being narrow at its jsoint of connection with the cord. It measures an
inch and a quarter 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 posterior median fissure, which are con-

tinuous with those of the spinal cord. The anterior fissure contains a fold of

pia mater, and terminates just below the pons in a cul-de-sac, the foramen oa3cum.

The posterior is a deep but narrow fissure, continued upwards along the floor of

the fourth ventricle, where it is finally lost. These two fissures divide the

medulla into two symmetrical halves, each lateral half being subdivided by
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minor grooves into four columns, wliicli, from before backwards, are named the

anterior pyramid, lateral track and olivary body, the restiforni body, the posterior

pyramid.

The anterior pyramvids, or corpora pyramidalia, are two pyramidal bundles

of white matter, placed one on either side of the anterior median fissure, and

separated from the olivary body, which

261. -Medulla Oblongata and Pons Varolii.

Anterior Surface.
is external to them, by a slight de

pression. At the lower border of the

pons they are somewhat constricted

;

they then become enlarged, and taper

slightly as they descend, being con-

tinuous below with the anterior co-

lumns of the cord. On separating the

pyramids below, it will be observed

that their innermost fibres form from

four to five bundles on each side, which

decussate with one another ; this de-

cussation, however, is not formed en-

tirely of fibres from the pyramids, but

mainly from the deep portion of the

lateral columns of the cord which pass

forwards to the surface between the di-

verging anterior columns. The outer-

most fibres do not decussate ; they are

derived from the anterior columns of

the cord, and are continued directly

upwards through the pons Varolii.

Lateral tract and olivary hody. The lateral tract is continuous with the lateral

column of the cord. Below, it is broad, and includes that part of the medulla

between the anterior pyramid and restiform body ; but above, it is pushed a little

backwards, and narrowed by the projection forwards of the olivary body.

The olivary bodies are two prominent oval masses, situated behind the anterior

pyramids, from which they are separated by slight grooves. They equal, in

breadth, the anterior pyramids, are a little broader above than below, and are

about half an inch in length, being separated above from the pons Varolii by a

slight depression. Numerous white fibres (fihrai arciformes) are seen winding

round the lower end of each body, sometimes crossing their surface.

The restiform bodies (fig. 262) are the largest columns of the medulla, and con-

tinuous, below, with the posterior columns of the cord. They are two rounded,

cord-like eminences, placed between the lateral tracts, in front, and the posterior

pyramids, behind ; from both of which they are separated by slight grooves. As
they ascend they diverge from each other, assist in forming the lateral boundaries

of the fourth ventricle, and then enter the corresponding hemisphere of the cere-

bellum, forming its inferior peduncle, while other fibres are continued from the

restiform bodies into the cerebrum.

The piosterior pyra^nids (fascicidi graoiles} are two narrow white cords placed

one on each side of the posterior median fissure, and separated from the restiform

bodies by a narrow groove. They consist entirely of white fibres, and are con-

tinuous with the posterior median columns of the spinal cord. These bodies lie,

at first, in close contact. Opposite the apex of the fourth ventricle they form

an enlargement (processus clavatus), and then, diverging, are lost in the corre-

sponding restiform body. The upper part ofthe posterior pyramids form the lateral

boundaries of the calamus scriptorius.

The posterior surface of the medulla oblongata forms part of the floor of the

fourth ventricle. It is of a triangular form, bounded on each side by the diverging

posterior pyramids, and is that part of the ventricle which, from its resemblance

to the point of a pen, is called the calamus scriptorius. The divergence of the
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262.—Posterior Siu-face of the Medulla
Oblonp-ata.

posterior pyramids and restiform bodies opens to view the grey matter of the

medulla, which is continuous, below, with the grey commissure of the cord. In

the middle line is seen a longitudinal

furrow, continuous with the posterior

median fissure of the cord, terminating,

below, at the point of the ventricle, in

a cul-de-sac, the ventricle of Arantius,

which descends into the medulla for a

slight extent. It is the remains of a ca-

nal, which, in the foetus, extends through-

out the entire length of the cord.

Structure. The columns of the cord

are directly continuous with those of the

medulla oblongata, below ; bat, higher

up, both the white and grey constituents

are rearranged before they are con-

tinued upwards to the cerebrum and
cei'ebellum.

The anterior pyramid is composed of

fibres derived from the anterior column
of the cord of its own side, and from the

lateral column of the opposite half of the
cord, and is continued upwards into

the cerebrum and cerebellum. The cere-

bellar fibres form a superficial and deep

laj-er, which pass beneath the olivary body
to the restiform body, and spread out into

the structure of the cerebellum, A deeper fasciculus encloses the olivary body,

and, receiving fibres from it, enters the pons as the olivary fasciculus or fillet ; but

the chief mass of fibres from the pyramid, the cerebral fibres, enter the pons in

their passage upwards to the cerebrum. The anterior pyramids contain no grey

matter.

The lateral tract is continuous, below, with the lateral column of the cord.

Its fibres pass in three difierent directions. The most external join the restiform

body, and pass to the cerebellum. The
263.—Transverse Section of Medulla

Oblongata.

Ftsetctil^ Teretes

internal, more numerous, pass forwards,

pushing aside the fibres of the anterior

column, and form jsart of the opposite

anterior pyramid. The middle fibres

ascend, beneath the olivary body, to the

cerebrum, passing along the back of the

pons, and form, together with fibres from
the restiform body, the fasciculi teretes,

in the floor of the fourth ventricle.

Olivary body. If a transverse section is made through either olivary body, it

will be found to consist of a small ganglionic mass, deeply imbedded in the medulla,

partly appearing on the surface as a smooth, olive-shaped eminence (fig. 263). It

consists, externally, of white substance ; and, internally, of a grey nucleus, the

corpus dentatum. The grey matter is arranged in the form of a hollow capsule,

open at its upper and inner part, and presenting a zigzag, or dentated outline.

White fibres pass into, or from the interior of this body, by the aperture in the

posterior part of the capsule. They join with those fibres of the anterior column

which ascend on the outer side, and beneath the olivary body, to form the olivary

fasciculus, which ascends to the cerebrum.

The restiform body is formed chiefly of fibres from the posterior column of the

cord ; but it receives some from the lateral column, and a fasciculus from the

anterior, and is continued, upwards, to the cerebrum and cerebellum. On entering
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the pons, it divides into two fasciculi, above the point of the fourth ventricle.
The external fasciculus enters the cerebellum

; the inner fasciculus joins the posterior
pyramid, is continued up along the fourth ventricle, and is traced up to the cere-
brum with the fasciculi teretes.

264.—The Columns of the Medulla Oblongata, and their connection with the
Cerebrum and Cerebelliuu.

Septum of fJie medulla ohlongaia. Above the decussation ofthe anterior pyramids,

numerous white fibres extend, from behind forwards, in the median line, forming a

septum, which subdivides the medulla into two lateral halves. Some of these

fibres emerge at the anterior median fissure, and form a band which curves round
the lower border of the olivary body, or passes transversely across it, and round

the sides of the medulla, forming the arciform fihres of Rolando. Others appear in

the floor of the fourth ventricle, issuing from the posterior median fissure, and form

the white strise in that situation.

Grrey matter of tJie medulla ohlongata. The grey matter of the medulla is a con-

tinuation of that contaioed in the interior of the spinal cord, besides a series of

special deposits or nuclei.

In the lower part of the medulla, the grey matter is arranged as in the cord,

but at the upper part it becomes more abundant, and is disposed with less

apparent regularity, becoming blended with all the white fibres, except the

anterior pyramids. The part corresponding to the transverse grey commissure

of the cord is exposed to view in the floor of the fourth ventricle, by the

divergence of the restiform bodies, and posterior pyramids, becoming blended with

the ascending fibres of the lateral column, and thus forming the fasciculi teretes.

The lateral crescentic portions, but especially the posterior horns, become enlarged,

blend with the fibres of the restiform bodies, and form the tahercolo cinereo of

Rolando.

Special deposits of grey matter are found both in the anterior and posterior

parts of the medulla ; forming, in the former situation, the corpus dentatum within

the olivary body, and, in the latter, a series of special masses, or nuclei, connected

with the roots of origin of the spinal accessory, vagus, glosso-pharyngeal, and
hypoglossal nerves. It thus appears that the closest analogy in structure, and
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also probably in general endowments, exists between tbe medulla oblongata and

tbe spinal cord. The larger size and peculiar form of the medulla depend on the

enlargement, divergence, and decussation of the various columns ; and also on the

addition of special deposits of grey matter in the olivary bodies and other parts,

evidently in adaptation to the more extended range of function which this part of

the cerebro-spinal axis possesses.

Pons Varolii.

The pons Varolii (mesocefliale, Chaussier) is the bond of union of the various

segments of the 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 under surface presents a broad transverse band of white fibres, which arches

like a bridge across the upper part of the medulla, extending between the two

hemispheres of the cerebellum. This surface projects considerably beyond the

level of these parts, is of quadrangular form, rests upon the sphenoid and basilar

groove of the occipital 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 striae are also

observed on each side, which indicate the course of its superficial fibres.

Its upper surface forms part of the floor of the fourth ventricle, and at each side

it becomes contracted into a thick rounded cord, the cms cerebelli, which enters

the substance of the cerebellum, constituting its middle peduncle.

Structure. The pons Varolii consists of alternate layers oftransverse and longi-

tudinal fibres intermixed vrith grey matter (fig. 264).

The transverse fibres connect together the two lateral hemispheres of the cere-

bellum, and constitute its great transverse commissure. They consist of a super-

ficial and a deep layer. The superficial layer passes uninterruptedly across the

surface of the pons, forming a uniform layer, which consists of fibres derived from

the cms cerebelli on each side, meeting in the median line. The deep layer

of transverse fibres decussates with the longitudinal fibres continued up from the

medulla, and contains much more grey matter between its fibres.

The longitudinal fibres are continued up through the pons. i. From the

anterior pyramid. 2. From the olivary body. 3. From the lateral and posterior

columns of the cord, receiving special fibres from the grey matter of the pons

itself.

I. The fibres from the anterior pyramid ascend through the pons, embedded
between two layers of transverse fibres, being subdivided in their course into

smaller bundles ; at the upper border of the pons they enter the crus cerebri,

forming its fasciculated portion.

2. The olivary fasciculus divides in the pons into two bundles, one of which
ascends to the corpora quadrigemina ; the other is continued to the cerebrum with

the fibres of the lateral column.

3. The fibres from the lateral and posterior columns of the cord, with a bundle

from the olivary fasciculus, are intermixed with much grey matter, and appear in

the floor of the fourth ventricle as the fasciculi teretes : they ascend to the deep or

cerebral part of the crus cerebri.

Foville believes that a few fibres from each of the longitudinal tracts of the

medulla turn forwards, and are continuous with the ti-ansverse fibres of the pons.

Septum. The pons is subdivided into two lateral halves by a median septum

which extends through its posterior half. The septum consists of antero-posterior

and transverse fibres. The former are derived from the floor of the fourth ven-

tricle and from the transverse fibres of the pons, which bend backwards before

passing across to the opposite side. The latter are derived from the floor of the

fourth ventricle ; they pierce the longitudinal fibres, and are then continued across

from one to the other side of the medulla, piercing the antero-posterior fibres.
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The two halves of the pons, in Iront, are connected together by transverse com-
missural fibres.

CeREBEUM. UpPEK S0KFACE. (Pig. 265.)

The cerebrum, in man, constitutes the largest portion of the encephalon. Its

upper surface is of an ovoidal form, broader behind than in front, convex in its

general outline, and divided into two lateral halves or hemispheres, right and left,

by the great longitudinal fissure, which extends throughout the entire length of

the cerebrum in the middle line, reaching down to the base of the brain in front

and behind, but interrupted in the middle by a broad transverse commissure of

white matter, the corpus callosum, which connects the two hemispheres together.

This fissure lodges the fals cerebri, and indicates the original development of the

brain by two lateral halves.

Each hemisphere presents an outer surface, which is convex, to correspond

with the vault of the cranium ;
an inner surface, flattened, and in contact with the

opposite hemisphere (the two inner surfaces forming the sides of the longitudinal

fissure) ; and an under surface or base, of more irregular form, which rests, in

front, on the anterior and middle fossas at the base of the skull, and behind, upon
the tentorium.

GonvohUions. If the pia mater is removed with the forceps, the entire surface

of each hemisphere will be seen to present a number of convoluted eminences,

the convolutions, separated from each other by depressions (sulci) of various depths.

The outer surface of each convolution, as well as the sides and bottom of the sulci

between them, are composed of grey matter, which is here called the cortical

substance. The interior of each convolution is composed of white matter ; and

white fibres also blend with the grey 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 afibrd a greater

extent of surface for the termination of the white fibres in grey matter. On closer

examination, however, the cortical substance is found subdivided into four layers,

two of which are composed of grey and two of white matter. The most external is

an outer white stratum, not equally thick over all parts of the brain, being most

marked on the convolutions in the longitudinal fissure and on the under part of

the brain, especially on the middle lobe, near the descending horn of the lateral

ventricle. Beneath this is a thick reddish-grey lamina, and then another thin

white stratum ; lastly, a thin stratum of grey matter, which lies in close contact

with the white fibi-es of the hemispheres: consequently white and grey laminae

alternate with one another in the convolutions. In certain convolutions, however,

the cortical substance consists of no less than six layers, three grey and three

white, an additional white stratum dividing the most superficial grey one into

two ; this is especially marked in those convolutions which are situated near the

corpus callosum.

There is no accurate resemblance between the convolutions in different brains,

nor are they symmetrical on the two sides of the same brain. Occasionally the

free borders or the sides of a deep convolution present a fissured or notched

appearance.

The sulci are generally an inch in depth ; they also vary in different brains,

and in different parts of the same brain ; they are usually deepest on the

outer convex surface of the hemispheres ; the deepest is situated on the inner sur-

face of the hemisphere, on a level with the corpus callosum, and corresponds to

the projection in the posterior horn of the lateral ventricle, the hippocampus

minor.

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 mam-
malia up to man. Thus they are absent in some of the lower orders of mammalia,
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and they increase in number and extent through the higher orders. In man they

present the most complex arrangement. Again, in the child at birth before the

intellectual faculties are exercised, the convolutions have a very simple arrange-

ment, presenting few undulations ; and the sulci between them are less deep than

in the adult. In old age, when the mental faculties have diminished in activitj',

the convolutions become much less prominently marked.

The convolutions on the outer convex surface of the hemisphere, the general

direction of which is more or less oblique, are the largest and most complicated

convolutions of the brain, frequently becoming branched 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

human brain. They are seldom symmetrical on the two sides.

Each hemisphere of the brain is divided into five lobes, the division being-

made by the main fissui-es, and by imaginary lines drawn to connect them.

'J'his division, however, is only traceable on the external surface of the hemi-

spheres.

In this description of the divisions of the brain, the first point to be remem-
bered is the external termination of the fissure of Sylvius. That fissure bifurcates,

one branch running forwards into the anterior lobe, the other, the longer one,

running nearly horizontally backwards. An imaginary line, continuing this

branch backwards to the posterior lobe, separates from the middle lobe a few con-

volutions which fill up the hollow of the middle fossa of the skull, and these are

called the temporo-sphenoidal lobe (fig. 267). This, added to the old anterior,

middle, and posterior lobes (now renamed frontal, parietal, and occipital), and to

the island of Reil, now described as a separate lobe, raises the number of lobes

from three to five. The subdivision is made by fissures which are tolerably dis-

tinct. Thus the separation between the anterior, or frontal, and the parietal lobe

at the base, by the fissure of Sylvius, is obvious, and the large vertical fissure

(fissure of Rolando, fig. 265) which separates the frontal from the parietal lobe

at the vertex is usually very plainly marked, and runs down neai-ly to the posterior

bifurcation of the Sylvian fissure. The parietal lobe is separated from the occipital

above by the parieto-ocoipital fissure (fig. 265), which becomes indistinct below
;

and the separation is completed by an imaginary line, which meets another ima-

ginary line, by which the posterior bifurcation of the fissure of Sylvius is con-

tinued backwards, and by the junction of these two lines the lowest or temporo-

sijhenoidal lobe is bounded off from the upper parts of the parietal and occipital

lobes.

The chief convolutions which bound these several fissures are pretty constant,

but the secondary convolutions, or those which form the bulk of the several lobes,

vary greatly in their number and arrangement.

The convolution of the corpus callosum (gyrus fornicatus, fig. 266) is always well

marked. It lies parallel with the upper surface of the corpus callosum, com-

mencing, in front, on the under surface of the brain in front of the anterior per-

forated space ; it winds round the curved border of the corpus callosum, and

jsasses along its upper surface as far as its posterior extremity, where it is

connected with the convolutions of the posterior lobe ;
it then curves downwards

and forwards, embracing the cerebral peduncle, passes into the middle lobe, forming

the hippocampus major, and terminates just behind the point from whence it

arose.

The suxjraorhital convolution on the under surface of the anterior lobe is well

marked.

The convolution of the longitudinal fissure (fig. 265) bounds the margin of

the fissure on the upper surface of the hemisphere. It commences on the under

surface of the brain, at the anterior perforated spot, passes forwards along the inner

maro-in of the anterior lobe, being here divided by a deep sulcus, in which the

olfactory nerve is received; it then curves over the anterior and upper surface

of the hemisphere, along the margin of the longitudinal fissure, to its posterior
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extremity, where it curves forwards along the under surface of the hemisphere as
far as the middle lobe.

265.—Upper Surface of the Brain, the Pia Mater having heen removed.

Great lonyituilnuil IKissure

.

The convolutions seen on the outer side of the frontal lobe are described, as an

ascending or transverse frontal convolution, which lies parallel to and in front of

the fissure of Rolando, and three more or less horizontal convolutions, the superior,

middle, and inferior frontal (fig. 265).

The external surface of the parietal lobe is formed in front by a convolution

lying parallel to and beliind the fissure of Rolando, named the ascending parietal,

which usually joins the ascending frontal either above or below. Its central and
lower part is bounded behind by the inter-parietal fissure, a fissure which commences
below in or near the fissure of Sylvius, and runs upwards to the vertex, where it

terminates in or near the parieto-occipital fissure. The gToup of convolutions

connected with the upper part of the ascending parietal, and lying in front of the

inter-parietal fissure, are called the superior parietal lobule. Lower down, and lying

behind the inter-parietal fissure, is the lower parietal lobule, divided into the supra-

marginal and the angular convolution, "which run into each other above and

below. The angular convolution is continuous with the convolutions of the

temporo-sphenoidal and occipital lobes.

The occipital lobe is chiefly formed by three somewhat parallel convolutions,

the superior, middle, and inferior, separated by two fissures, the superior and in-

* In the specimen from which tliis figure was drawn, the parieto-occipital fissure has
heen hridged over, or ohliterated, hy one of the annectant convohitions of the occipital lohe,

hut its continuation can he traced on the internal aspect of the hemisphere. See fig. 266.
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ferior occipital. The occipital convolutions are connected with the superior

parietal lobule, with the angular convolution, and with the temporo-sphenoidal lobe,

by various convolutions termed anneotant, described as four in number.
The convolutions of the temporo-sphenoidal lobe are three : a superior, lying

behind or internal to the posterior branch of the Sylvian fissure ; a middle, con-

tinuous with the angular and middle occipital convolution ; and an inferior, con-

tinuous with the inferior occipital.

At the point where the Sylvian fissure bifurcates is found the commencement
of the island of Reil, the fifth lobe of the brain, a triangular-shaped prominent

cluster of about six convolutions, the gyri operti, so called from being covered in

by the sides of the fissure. They are continuous with those of the frontal, parietal,

and temporo-sphenoidal lobes. By the removal of these convolutions the extra-

ventricular part of the corpus striatum would be reached.

266.—Yertical Median Section of the Encephalon, showing the parts in the middle line.

hebind the anterior cms of the fornix, a shaded part

indicates the foramen of Monro ; beliiud the number
an oval mark shows the position of the grey matter
continuous with the middle commissure.

10. The velum interpositum.
11. The pineal gland.
12. The corpora quadrigemina,
13. The crus cerebri.

14. The valve of Vienssens (above the number).
15. The pons VaroUi.
16. The third nerve.
17. The pituitary body.
IS. The optic nerve.
19 points to the anterior commissure, indicated by an

oval mark behind the number.

Convolution of corpus callosmn. Above it is the
calloso-marginal fissure, running out at 2 to join the
fissure of Rolando.

3. The parieto-occipital fissure.

4, 4 point to the calcarine fissure, which is just above the
numbers. Between 2 and 3 are the convolutions of
the quadrate lobe. Between 3 and 4 is the cuneate
lobe.

a. The corpus callosum.
G. The septum lucidum.
7. The fornix.

8. Anterior pillar 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.

9. The optic thalamus. In front of the number and

On the inner, or median, surface of the hemispheres there is no division into

lobes, and the arrangement of the convolutions is less complex (fig. 266). The
termination of the parieto-occipital fissure will be seen at the posterior part, and

joining this near the posterior extremity of the corpus callosum is another fissure,

the calcarine, which commences usually by two branches at the back of the hemi-

sphere, and runs nearly horizontally to join the parieto-occipital fissure. Between

it and the latter fissure a wedge-shaped mass of convolutions (the cuneate lohule)

I I
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is seen. Another fissnre, the calloso-marginal fissure, is seen in front, commencing
near the anterior extremity of the corpns callosum, and bounding the gyrus forni-

catus above. This runs upwards and backwards to fall into the extremity of the

fiissure of Rolando. Between it and the parieto-ocoipital fissure is a somewhat
square-shaped assemblage of convolutions—the lohulus quadratus or jyrcBcuneus.

The space between the gyrus fornioatus and the convokition of the longitudinal

fissure on this aspect of the brain is occupied by various secondary convolutions,

which need not be particularly described.

Besides the great primary convolutions abo'^'e named and described, and which
can be recognised in almost any well-developed brain, there are a great number of

these secondary convolutions which pass from one to another of the primary, and
often somewhat obscure their arrangement ; of these, the annectant convolutions

of the occij)ital lobe, above mentioned, may be taken as examples.

Ceeebrum. Uhdbe Sukface oe Base. (Eig. 267.)

The under surface of each hemisphere pi'esents a subdivision, as already

mentioned, into three lobes, named from their position, anterior, middle, and
posterior.

The anterior or frontal lobe, of a triangular form, with its apex backwards, is

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 parietal and temporo-sphenoidal lobes. The j^osterior or occipi-

tal lobe rests upon the tentorium, its extent forwards being limited by the anterior

margin of the cerebellum.

The various objects exposed to view on the under surface of the cerebrum, in

and near the middle line, are here arranged in the order in which they are met
with from before backwards.

Longitudinal fissure. Tuber cinereum.

Corpus callosum and its peduncles. Infundibulum.

Lamina cinerea. Pituitary body.

Olfactory nerve. Corpora albicantia.

Fissure of Sylvius. - Posterior perforated space.

Anterior perforated space. Crura cerebri.

Optic commissure.

The longitudinal fissure partially separates the two hemispheres from one

another : it divides the two anterior lobes in front ; and on raising the cerebellum

and pons, it will be seen completely separating the two posterior lobes, the inter-

mediate portion of the fissure being filled up by the great transverse band of white

matter, the corpus callosum. Of these two portions of the longitudinal fissure,

that which separates the posterior lobes is the longest. In the fissure between
the two anterior lobes the anterior cerebral arteries may be seen ascending to the

corpus callosum ; and at the back part of this portion of the fissnre, the anterior

curved portion of the corpus callosum descends to the base of the brain.

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 layer

of grey substance, the lamina cinerea. This may be exposed by gently raising and
drawing back the optic commissure. A broad white band may be observed on

each side, passing from the under surface of the corpus callosum backwards and
outwards, to the commencement of the fissure of Sylvius ; these bands are called

the peduncles of the corpus callosum. Laterally, the corpus callosum extends into

the anterior 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 either side with the grey matter of the

anterior perforated space, and forms the anterior part of the inferior boundary of

the third ventricle. It connects the genu, or reflected portion, of the corpus cal-
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losiim with the optic commissure, and is on this account described by Sappey as

the grey root of the optic nerves.

The olfactory nerve, with its bulb, is seen on either side of the longitudinal

fissure, upon the under surface of each anterior lobe.

The j^sswre of Sylvms separates the anterior and middle lobes, and lodges the

middle cerebral artery. At its commencement is seen a point of medullary sub-

stance, corresponding to a subjacent band of white fibres, connecting the anterior

and middle lobes, and called the fasciculus unc-iformis ; on following this fissure

outwards, it divides into two branches, which enclose the triangular-shaped promi-

nent cluster of isolated convolutions (gyri operti) called the island of Beil.

267.—Base of the Brain.

RONTAL LOBE

rARIETAL LOBE

TR DIVISION OF
" V 'VIAN FISSUR

-l°ITAL LOSE

The anterior perforated space is situated at the inner side of the fissure of

Sylvius. It is of a triangular shape, bounded in front by the convolutions of the

anterior lobe and the roots of the olfactory nerve ; behind, by the optic tract

;

externally, by the middle lobe and commencement of the fissure of Sylvius
;

internally, it is continuous with the lamina cinerea, and crossed by the peduncle

of the corpus callosum. It is of a greyish colour, and corresponds to the under

surface of the corpus striatum, a lai'ge 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 the substance of the

corpus striatum.

The oi^tic commissure is situated in the middle line, immediately behind the

lamina cinerea. It is the point of junction between the two optic nerves.

I I 3
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Immediately behind the diverging optic tracts, and between them and the

peduncles of the cerebrum {crura cerebri), is a lozenge-shaped intei'val, the

interpeduncular space, in which are found the following parts, arranged in the

following order from before backwards : the tuber cinereum, infundibulum, pitui-

tary body, corpora albicantia, and the posterior perforated space.

The tuher cinereum is an eminence of grey matter, situated between the optic

tract and the corpora albicantia ; 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 continuous downwards

and forwards to be attached to the posterior lobe of the pituitary body ; this is

the infundibulum. Its canal, which is funnel-shaped, communicates with the

third ventricle.

The pituifary body 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 the dura mater forming the inner wall of the cavernous

sinus. It is very vascular, and consists of two lobes, 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 posterior lobe, which is round.

The anterior lobe consists externally of a firm yellowish-grey substance, and
internally of a soft pulpy substance of a yellowish-white colour. The posterior

lobe is darker than the anterior. In the fcetas it is larger proportionally than in

the adult, and contains a cavity which communicates through the infundibulum

with the third ventricle. In the adult it is firmer and more solid, and seldom

contains any cavity. Its structure, especially the anterior lobe, is similar to that

of the ductless glands.

The corpora albicantia 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 sub-

stance, placed between the corpora albicantia in front, the pons Varolii behind,

and the crura cerebri on either side. It forms the back part of the floor of the third

ventricle, and is perforated by numerous small orifices for the passage of blood-

vessels to the thalami optici.

The crura cerebri {peduncles of the cerebrum^ are two thick cylindrical bundles

of white matter, which emerge from the anterior border of the pons, and diverge

as they pass forwards and outwards to enter the under part of either hemisphere.

Each cms is about three-quarters of an inch in length, and somewhat broader in

front than behind. They are marked upon their surface with longitudinal strias,

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. In the

interior of the crura is contained a mass of dark grey matter, called locus niger.

The third nerves n:iay be seen emerging from the inner side of either cms, and

the fourth nerve winding round its ouier side from above.

Each cms consists of a superficial and deep layer of longitudinal white fibres,

continued upwards from the pons : these layers are separated from each other by
the locus niger.

The superficial longitudinal fibres are continued upwards, from the anterior

pyramids to the cerebrum. They consist of coarse fasciculi, which form the free

part of the cms, and have received the name of the fasciculated portion or crusta

of the peduncle.
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The deep longitudinal fihrest are continued upwards, in two layers, one

from the lateral and posterior columns of tlie medulla and from tlie olivary

fasciculus, these fibres consisting of some derived from the same, and others from

the opposite lateral tract of the medulla. More deeply, are finer fibres, mixed

with grey matter, derived from tlie cerebellum, blended with the former.

The cerebral surface of the crus cerebri is formed of these fibres, and is named the

tegmentuin.

The locus niger is a mass of grey matter, situated between the superficial and

deep layers of fibres above described. It is placed nearer the inner than the outer

side of the crus.

The posterior lobes of the cerebrum are concealed from view by the upper

surface of the cerebellum, and pons Varolii. When these parts are removed, the

two hemispheres are seen to be separated by the great longitudinal fissure, this

fissure being interrupted, in front, by the posterior rounded border of the corpus

callosum.

General Aerangement op the Parts composing the Cerebrum.

As the peduncles 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 opticus and corpus sti'iatiiin,

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, and 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.

Interior op the Ceeebrom.

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 eveiy part. This white central mass has been called the centrum ovale

minus. Its surface is studded with numerous minute red dots (puv.cta vasculosa)

,

produced by the escape' of blood from divided blood-vessels. In inflammation or

great congestion of the brain, these are very numerous, and of a dark colour. If

the remaining portion of one hemisphere is slightly separated from 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 hemi-

spheres, which overlap this portion of the brain, are called the labia cerebri. Each

labium is part of the convolution of the corpus callosum (gyrus fornicatus) , already

described ; and the space between it and the upper surface of the corpus callosum

has been termed the ventricle of the corpus callosum.

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 together both

hemispheres. The large expanse of medullaiy 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 a space in the
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interior of each hemisphere, the lateral ventricle. It is about four inches in lencth,

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, from before backwards, terminating
anteriorly in a rounded border, which curves downwards and backwards, between
the anterior lobes to the base of the brain. In its course, it forms a distinct bend,
named the hnee, or genu, and the reflected portion, named the heah (rostrum),

becoming gradually narrower, is attached to the anterior cerebral lobe, and is

connected through the lamina cinerea with the optic commissure. The reflected

portion of the corpus callosum gives off, near its termination, two bundles of white

26S.—Section of the Brain. Made on a level with the Corpus Ciillosiun.

substance, which, diverging from one another, pass backwards, across the anterior

perforated space, to the entrance of the fissure of Sylvius. They are called the

peduncles of the corpus callosum. Posteriorly, the corpus callosum forms a thick

rounded fold, which is free for a little distance, as it curves forwards, and is then

continuous with the fornix. On its upper surface, its fibrous structure is very

apparent to the naked eye, being collected into coarse transverse bundles. Along
the middle line is a linear depression, the raphe, bounded laterally by two or more
slightly elevated longitudinal bands, called the sti-icB longitiidinales, or nerves of

Lancisi ; and, still more externally, other longitudinal strife are seen, beneath the

convolutions which rest on the corpus callosum. These are the stricelongitudinales

laterales. The under surface of the corpus callosum is 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 either side, the fibres of the
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corpus oallosum penetrate into the substance of the hemispheres, and connect

together the anterior, middle, and part of the posterior lobes. It is the large

number of fibres derived from the anterior and posterior lobes which explains the

great thickness of the two extremities of this commissure.

An incision should now he made through the corpus callosum, on either side of the raphe,

when two large irregiilar-shaped cavities will be exposed, which extend through a great part

of the length of each hemisphere. These are the lateral ventricles.

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, covered with ciliated epithelium, and 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.

269.—The Lateral Ventricles of the Brain.

Each lateral ventricle consists of a central cavity, or body, and three smaller

cavities or cornua, which extend from it in difierent directions. The anterior

cornu curves forwards and outwards into the substance of the anterior lobe. The

posterior cornu, called the digital cavity, curves backwards into the posterior lobe.

The middle cornu descends into the middle lobe.

The central cavity, or body of the lateral ventricle, is triangular in form. It

is bounded, above, by the under surface of the corpus callosum, which forms the

roof of the cavity. Internally, is a vertical partition, the septum lucidum, which

separates it from the opposite ventricle, and connects the under surface of the

corpus callosum with the fornix. Its floor is formed by the following parts,

enumerated in their order of position, from before backwards : the corpus striatum.
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tenia semicircularis, tlialamas opticus, choroid plexus, corpus fimbriatum, and

fornix.

The anterior cornu is triangular in form, passing outwards into the anterior

lobe, and curving round the anterior extremity of the corpus striatum. It is

bounded above and in front, by the corpus callosum ; behind, by the corpus

striatum.

The posterior cornu, or digital cavity, curves backwards into the substance of

the posterior lobe, its direction being backv?ards and outwards, and then inwards.

On its floor is seen a longitudinal eminence, which corresponds with a deep sulcus,

between two convolutions : this is called the Idppocamyus minor. Between the

middle and posterior horns a smooth eminence is observed, which varies con-

siderably in size in different subjects. It is called the eminentia collateralis.

The corpus striatum has received its name from the striped appearance which

its section presents, in consequence of diverging white fibres being mixed with the

grey matter which forms the greater part of its substance. The intraventricular

portion is a large pear-shaped mass, of a grey colour externally ; its broad ex-

tremity is directed forwards, into the fore part of the body, and anterior cornu of

the lateral ventricle : its narrow end is directed outwards and backwards, being

separated from its fellow by the thalami optici : it is covered by the serous lining

of the cavity, and crossed by some veins of considerable size. The extraventricular

portion is imbedded in the white substance of the hemisphere.

The taenia semicircularis is a narrow, whitish, semi-transparent band of medullary

substance, situated in the depression between the corpus striatum and thalamus

opticus. Anteriorly, it descends in connection with the anterior pillar of the

fornix ; behind, it is continued into the descending horn of the ventricle, where it

becomes lost. Its surface, especially at its fore-part, is transparent, and dense in

structure, and this was called by Tarinus the horny hand. It consists of longi-

tudinal white fibres, the deepest of which run between the corpus striatum and

thalamus opticus. Beneath it is a large vein (vena corporis striati), which receives

numerous small veins fi'om the surface of the corpus striatum and thalamus

opticus, and joins the venae Galeni.

The choroid plexus is a highly vascular, fringe-like membrane, occupying the

margin of the fold of pia mater {velum interpositutri) , in the interior of the brain.

It extends, in a curved direction, across the floor of the lateral ventricle. In front,

where it is small and tapering, it communicates with the choroid plexus of the

opposite side, through a large oval aperture, the foramen of Monro. Posteriorly,

it descends into the middle horn of the lateral ventricle, where it joins with the

pia mater through the transverse fissure. In sti-ucture, it consists of minute and
highly vascular villous processes, the villi being covered by a single layer of

epithelium, composed of large round corpuscles, containing, besides a central

nucleus, a bright yellow spot. The arteries of the choroid plexus enter the ven-

tricle at the descending cornu, and, after ramifying through its substance, send

branches into the substance of the brain. The veins of the choroid plexus termi-

nate in the vense Galeni.

The corpus fiinhriatum (tmnia liippocampi) is a narrow, white, tape-like band,

situated immediately behind the choroid plexus. It is the lateral edge of the

posterior pillar of the fornix, and is attached along the inner border of the hippo-

campus major as it descends into the middle horn of the lateral ventricle. It may
be traced as far as the pes hippocampi.

The thalami optici and fornix will be described when more completely exposed,

in a later stage of the dissection of the brain.

The middle cornu should now be exposed, tlu-oughout its entire extent, by introducing

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 suflicient to expose the entire cavity.

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 tho
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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 middle lobe, close to the fissure of Sylvius. Its upper boundary is formed by

the medullary substance of the middle lobe, and the under surface of the thalamus

opticus. Its lower boundary, or floor, presents for examination the following-

parts : the hippocampus major, pes hippocampi, pes accessorius, corpus finibriatum,

choroid plexus, fascia deutata, transverse fissure.

The liivvocampiis major, or cormi Ammonis, so called from its resemblance to a

ram's horn is a white eminence, of a curved elongate form, extending along the

270. The Fornix, Velum Interpositum, and Jliddle or Descending Cornii. of

the Lateral Ventricle.

entire length of the floor of the middle horn of the lateral ventricle. At its lower

extremity it becomes enlarged, and presents a number of rounded elevations with

intervening depressions, which, from presenting some resemblance to the paw of

an animal, is called the ^es Mfpocampl. If a transverse section is made through

the hippocampus major, it will be seen that this eminence is the inner surface of

the convolution of the corjjus callosum, doubled upon itself like a horn, the white

convex portion projecting into the cavity of the ventricle ; the grey portion being

on the surface of the cerebrum, the edge of which, slightly indented, forms the

fascia dentata. The white matter of the hippocampus major is continuous, through

the corpus fimbriatum, with the fornix and corpus callosum.

The pes accessorius, or emvnentia collateralis, has already been mentioned, as
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a white eminence, yarying in size, placed between the hippocampus major and
hippocampus minor, at the junction of the posterior with the descending cornu.

Like the hippocamjji, it is formed of white matter corresponding to one of the sulci,

between two convolutions protruding into the cavity of the ventricle.

The corfus fimhriatum is a continuation of the posterior pillar of the fornix,

prolonged, as already mentioned, from the central cavity of the lateral ventricle.

Fascia dentata. On separating the inner border of the corpus fimbriatum from
the choroid plexus, and raising the edge of the foz-mer, a serrated band of grey

substance, the edge of the grey substance of the middle lobe, will be seen beneath

it : this is the fascia dentata. Correctly speaking, it is placed external to the

cavity of the descending cornu.

The transverse fissure is seen on separating the corpus fimbriatum from the

thalamus optictis. It is situated beneath the fornix, extending from the middle

line behind, downwards on either side, to the end of the descending cornu, being

bounded on one side by the fornix and the hemisphere, and on the other by the

thalamus opticus. Through this fissure the pia mater passes from the exterior of

the brain into the ventricles, to form the choroid plexuses. Where the pia mater
projects into the lateral ventricle, beneath the edge of the fornix, it is covered by
a prolongation of the lining membrane, which excludes it from the cavity.

The septum lucidum (fig. 269) foi-ms the internal boundary of the lateral

ventricle. 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 prolonged portion of the corpus callosum. 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 laminse, separated by a narrow
interval, the fifth ventricle.

Fifth Ventricle, Each lamina of the septum lucidum consists of an internal

layer of white substance, covered by the lining membrane of the fifth ventricle
;

and an outer layer of grey matter, covered by the lining membrane of the lateral

ventricle. The cavity of the fifth ventricle is lined by a serous membrane, covered

with epithelium, and contains fluid. In the foetus, and in some animals, this cavity

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.

The fifth ventricle may he exposed by cutting through the septum, and attached portion

of the corpus callosum, with scissors ; after examining which, the corpus callosum should be

cut across, towards its anterior part, and the two portions carefully dissected, the one

forwards, the other backwards, when the fornix will he exposed.

The fornix (figs. 269, 270) is a longitudinal lamella of white fibrous matter,

situated beneath the corpus callosum, with which it is continuous behind, but

separated from it in front by the septum- lucidum. It may 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 and pos-

terior 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. Its under surface rests upon the velum interpositum,

which separates it from the third ventri6le, and the inner portion of the optic

thalami. Its lateral edges form, on each side, part of the floor of the lateral

ventricles, and are in contact with 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 third ven-

tricle, and are placed immediately behind the anterior commissure. At the base

of the brain, the white fibres of each cms form a sudden curve upon themselves,
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spread out and form the outer part of the corresponding corpus albicans, from

which point they may be traced upwards into the substance of the corresponding

thalamus opticus (fig. 266). Tlie anterior crura of tlie fornix are connected in their

course with the optic commissure, the white fibres covering the optic thalamus,

the pedancle of the pineal gland, and the superficial fibres of the tsenia semi-

ciroularis.

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 con-

tinuous with the concave border of the hippocampus major. The lateral thin

edges of the posterior crura have received the name corpus fimhriatum, already

described. On the under surface of the fornix, towards its posterior part, between

the diverging posterior crura, may be seen some transverse lines, and others

longitudinal or oblique. This appearance has been termed the lyra, from the

fancied resemblance it bears to the striugs of a harp.

Between the anterior pillars of the foi-nix and the anterior extremities of the

thalami optici, an oval aperture is seen on each side, the foramen of Monro. The

two oijenings descend towards the middle line, and joining together, lead into the

upper part of the third ventricle. These openings communicate with the lateral

ventricles on each, side, and below with the third ventricle.

Divide tlie fornix across anteriorly, and reflect the two portions, the one forwards, the

other backwards, when the velum interpositum will be exposed.

The velum interpositum (fig. 270) is a vascular membrane, reflected 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, jiriieal gland, and optic thalami. It is of a triangular form,

and separates the under surface of the body of the fornix from the cavity of the

third ventricle. Its posterior border forms an alm.ost complete investment for the

pineal gland. Its anterior extremity, or apex, is bifid ; each bifurcation being

continued into the corresponding lateral ventricle, behind the anterior crura of the

fornix, forming the anterior extremity of the choroid plexus. On its under surface

are two vascular fringes, which diverge from each other behind, and project into

the cavity of the third ventricle. These are the choroid plexuses of the third

ventricle. To its lateral margins are connected the choroid jrilexuses of the lateral

ventricles. The arteries of the velum interpositum enter from behind, beneath the

corpus callosum. Its veins, the vense Galeni, two in number, run along its under

surface ; they are formed by the vense corporis striati and the veins of the choroid

plexuses ; the vense Galeni unite posteriorly into a single trunk, which terminates

in the straight sinus.

The velum interpositum should now he removed. This must be effected carefully,

especially at its posterior part, where it invests the pineal gland ; the thalami optiei wiU
then he exposed with the cavity of the third ventricle between them (fig. 271).

The thalami optici are two large oblong masses, placed between the diverging

portions of the corpora striata ; they are of a white colour superficially ; internallj-

they are composed of white fibres intermixed with grey matter. Each thalamus

rests upon its corresponding cms cerebri, which it embraces. Externally, it is

bounded by the corpus striatum, and tfenia semicircularis ; and is continuous with

the hemisphere. Internally, it forms the lateral boundary of the third ventricle

;

and running along its upper border is seen the peduncle of the pineal gland. Its

ufpier surface is free, being partly seen in the lateral ventricle ; it is partly covered

by the fornix, and marked in front by an eminence, the anterior tubercle. Its

under surface forms the roof of the descending cornu of the lateral ventricle ; into

it the crus cerebri passes. Its posterior and inferior part, which projects into the

descending horn of the lateral ventricle, presents two small rounded eminences, the
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internal and external geniculate bodies. Its anterior extremity, which is marrow,
forms the posterior boundary of the foramen of Monro.

The third ventricle is the narrow oblong fissure placed between the thalami

optici, and extending to the base of the brain. It is bounded, above, by the under
surface of the velum interpositum, from which are suspended the choroid plexuses

of the third ventricle ; and, laterally, by two white tracts, one on either side, the

peduncles of the pineal gland. Its floor, somewhat oblique in its direction, is

farmed, from before backwards, by the parts which close the interpeduncular space,

271.—The Third aud Fourth Ventricles.

viz., the lamina cinerea, the tuber cinereum and infundibulum, the corpora albi-

cantia and the locus perforatus posticus ; its sides, by the optic thalami ; 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

venfriculwn.

The cavity of the third ventricle is crossed by tlrree commissures, named, from

their position, anterior, middle, and posterior.

The anterior commissure is a rounded cord of white fibres, placed in front of the

anterior crura of the fornix. It perforates the corpus striatum on either side, and

spreads out into the substance of the hemispheres, over the roof of the descending

horn of each lateral ventricle.

The middle or soft commissure consists almost entirely of grey matter. It

connects together the thalami optici, and is continuous with the gTOy matter lining

the anterior part of the third ventricle. It is frequently broken in examining the

brain, and might then be supposed to have been wanting.
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The posterior commissure, smaller than the anterior, is a flattened white band of

fibres, connecting together the two thalami optici posteriorly. It bounds the third

ventricle posteriorly, and is placed in front of and beneath the pineal gland, above

the opening leading to the fourth ventricle.

The third ventricle has fonr openings connected with it. Tn front are the two

oval apertures of the foramen of Moni'o, one on either side, through which the

third communicates with the lateral ventricles. Behind is a third opening leading

into the fourth ventricle by a canal, the aqueduct of Sylvius, or iter a tertio ad

quartum ventricuhim. The fourth, situated in the anterior part of the floor of the

ventricle, is a deep pit, which leads downwards to the funnel-shaped cavity of the

infundibulam {iter ad infundihuhmi)

.

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 ; at the bottom of the iter ad infundibulum, it ends in a cul-

de-sac.

Orey matter of the third ventricle. A layer of grey matter covers the greater

part of the surface of the third ventricle. In the floor of this cavity it exists in

great abundance, and is prolonged upwards on the sides of the thalami, extending

across the cavity as the soft commissure ; below, it enters into the corpora albicantia,

and surrounds in part the anterior pillars of the fornix.

Behind the third ventricle, and in front of the cerebellum, are the corpora

quadrigemina ; and resting upon these, the pineal gland.

The pineal gland (conarium) , so named from its peculiar shape (jnnus, a, Hv-

cone), is a small reddish-grey body, conical in form, placed immediately behind

the posterior commissure, and between the nates, 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 the adult, and in the female than in the

male. Its base is connected with the cerebrum by some transverse commissural

fibres, derived from the posterior commissure ; and by four slender peduncles, formed

of medullary fibres. Of these, the two superior pass forwards upon the upper and

inner margin of the optic thalami to the anterior crura of the fornix, with which
they become blended. The inferior peduncles pass vertically downwards from the

base of the pineal gland, along the bact part of the inner surface of the thalami,

and are only seen on a vertical section through the gland. The pineal gland is

very vascular, and consists chiefly of grey matter, with a few medullary fibres.

In its base is a small cavity, said by some to communicate with that of the third

ventricle. It contains a transparent viscid fluid, and occasionally a quantity of

sabulous matter, named acervidus cerebri, composed of phosphate and carbonate of

lime, phosphate of magnesia and ammonia, with a little animal matter. These

concretions are almost constant in their existence, and are found at all periods of

life. When this body is solid, the sabulous matter is found upon its surface, and
occasionally upon its peduncles.

On the removal of the pineal gland and adjacent portion of pia mater, the corpora
quadrigemina are exposed.

The corpora or tubereula quadrigemina (optic lohes) are four rounded emi-
nences 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, beneath the posterior border of the corpus
callosum, and above the iter a tertio ad qicartuvi ventricidum. The anterior pair,

the nates, are the larger, oblong from before backwards, and of a grey colour.

The posterior pair, the testes, are hemispherical in form, and lighter in colour

than the preceding. They are connected on each side with the thalamus opticus,

and commencement of the optic tracts, by means of two white prominent bands
termed hrachia. Those connecting the nates with the thalamus (brachia anteriora)
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are tlie larger, and pass obliquely outwards. Those connecting the testes with

the thalamus, are called the hrachia posteriora. 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 connec-

tion with the optic nerves, and are hollow intheir anterior ; 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 mammalia, and hollow in

their interior.

These bodies receive, fi-om below, white fibres from the olivary fasciculus or

fillet ; they are also 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

pass up to the thalami from the tubercula quadrigemina.

The valve of Vietissens is a thin translucent lamina of medullary substance,

stretched between the two processus e cerebello ad testes ; it covers in the canal

leading from the third to the fourth ventricle, forming part of the roof of the latter

cavity. It is narrow in front, where it is connected with the testes ; and broader

behind, at its connection with the vermiform process of the cerebellum. A slight

elevated ridge, the frcenulum, descends upon the upper part of the valve from the

corpora quadrigemina, and on either side of it may be seen the fibres of origin of

the fourth nerve. Its lower half is covered by a thin transversely-grooved lobule

of grey matter prolonged from the anterior border of the cerebellum ; this is called

by the Italian anatomists the linguetta laimnosa.

The corpora geniculata are two small flattened, oblong masses, placed on the

outer side of the corpora quadrigemina, and on the under and back part of each

optic thalamus, and named, from their position, corpims geniculatum externum

and internum. They are placed one on the outer and one on the inner side of each

optic tract. In this situation, the optic tract may be seen dividing into two bands,

one of which is connected with the external geniculate body and nates, the other

being connected with the internal geniculate body and testes.

Structure of the cerebrum. The white matter of each hemisphere consists of

three kinds of fibres : i. Diverging or peduncular fibres, which connect the

hemisphere with the cord and medulla oblongata. 2. Transverse commis.sural

fibres, which connect together the two hemispheres. 3. Longitudinal commissural

fibres, which connect distant parts of the same hemisphere.

The diverging or pedimcidar fibres consist of a main body, and of certain

accessory fibres. The main body originate in the columns of the cord and medulla

oblono-ata, and enter the cerebrum through the crus cerebri, where they are

arranged into two bundles, separated by the locus niger. Those fibres which form

the inferior or fasciculated portion of the crus, are derived from the anterior pyra-

mid, and, ascending, pass mainly through the centre of the striated body ; those

on the opposite surface of the crus, which form the tegmentum, are derived from

the posterior pyi-amid and fasciculi teretes ; as they ascend, they pass, some through

the under part of the thalamus, and others through both thalamus and corpus

striatum, decussating in these bodies with each other, and with the fibres of the

corpus callosum. The optic thalami also receive accessory fibres from the processus

ad testes, the olivary fasciculus, the corpora quadrigemina, and corpora geniculata.

Some of the diverging fibres end in the cerebral ganglia, whilst others pass through

and receive additional fibres from them, "and, as they emerge, radiate into the

anterior, middle, and posterior lobes of the hemisphere, decussating again with

the fibres of the corpus callosum, before passing to the convolutions. These fibres

have received the name of corona radiata.

The transverse commissural fibres connect together the two hemispheres across

the middle line. They are formed by the corpus callosum, and the anterior and

posterior commissures.

The longitudinal commissural fibres connect together distant parts of the same
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hemisphere, the fibres being dispoaed in a longitndinal direction. They foi'm the

fornix, the taania semicircularis, and peduncles of the pineal gland, the stries

longitndinales, the fibres of the gjras fornicatas, and the fasciculus unciformis.

TUE CliREBELLnM.

The Cerebellum, or little brain, is that portion of the encephalon which is con-

tained in the inferior occipital fossaa. It is situated beneath the posterior lobes of

the cerebrum, from which it is separated by the tentorium. Its average weight in

the male is 5 ozs. 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 1 to 8|- ; and in the female, as i to 8;^. In the

infant, the cerebellum is proportionally 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 Crviveilhier the proportion was found to be i to 20. In form, the

cerebellum is oblong, and flattened from above downwards, its greater diameter

being from side to side. It measures from three and a half to four inches trans-

versely, and from two to two and a half inches from before backwards, being about

two inches thick in the centre, and about sis lines at the circumference, which is

the thinnest part. It consists of grey and white matter : the former, darker than

that of the cerebrum, occupies the surface ; the latter, the interior. The surface of

the cerebellum is not convoluted like the cerebrum, but traversed by numerous
curved furrows or sulci, which vai'y in depth at different parts, and separate the

laminEe of which its exterior is composed.

Its upper surface (fig. 2 7 2 ) is somewhat elevated in the median line, and depressed

towards its circumference ; it consists of two lateral hemispheres, connected

together by an elevated median portion or lobe, the superior vermiform process.

272.—Upper Surface of the Cerehelliim.

The median lobe is the fundamental part, and in some animals, as fishes and

reptiles, the only part which exists ; the hemispheres being additions, and attaining

their maximum size in man. The hemispheres are separated, iir front, by a deep

notch, the incisura cerebelU anterior, which encircles the corpora quadrigemina

behind ; they are also separated by a similar notch behind, the incisura cerehelli,

posterior, in which is received the upper part of the falx cerebelli. The superior

vermiform process (upper part of the median lobe of the cerebellum) extends from

the notch on the anterior to that on the posterior border. It is divided into three

lobes : the lohuhis centralis, a small lobe, situated in the incisura anterior
; the mon-

ticulus cerehelli, the central projecting part of the process ; and the commissura sim-

plex, a small lobe near the incisura posterior.
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The under surface of the cerebellum (fig. 273) is subdivided into two lateral

hemispheres by a depression, the valley, vpliich extends from before backwards in

the middle line. The lateral hemispheres are lodged in the inferior occipital fossae
;

the median depression, or valley, receives the back part 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 inferior vermiform process.

The parts entering into the composition of this body are, from behind forwards,

the commissura hrevis, situated in the incisura posterior ; in front of this, a
laminated conical projection, the pyramid; more anteriorly, a larger eminence,

the uvida, which is placed between the two rounded lobes which occupy the sides

of the valley, the aviygdalce or tonsils, and is connected with them by a com-
missure of grey matter, indented on the surface, called the furrowed hand. 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 fourth ventricle

;

it has been named by Malacarne the la.minated tubercle. On each side of the

nodule is a thin layer of white substance, attached externally to the flocculus, and

273.—Under Surface of the Cerebellum.

internally to the nodule ; these form together the posterior medullary vehim, or

commissure of the flocculus. It is usually covered in and concealed by the

amygdalffi, and cannot be seen until they are drawn aside. This band is of a

semilunar 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

nodulus and uvula behind, is a deep fossa, called the swallow'' s nest {jiidus

hiruAidinis')

.

Loies of the cerehellum. Each hemisphere is divided into an upper and a lower

portion by the great horizontal fissure, which commences in front at the pons, and

passes horizontally round the free margin of either hemisphere, backwards to the

middle line. From this primary fissure numerous secondary fissures proceed, which

separate the cerebellum into lobes.

Upon the upper surface of either hemisphere there are two lobes, separated from

each other by a fissure. These are the anterior or square lobe, which extends

as far back as the posterior edge of the vermiform process, and the posterior or

semilunar lobe, which passes from the termination of the preceding to the great

horizontal fissure.

Upon the under surface of either hemisphere there are five lobes, separated

by sulci ; these are from before backwards. The jloccidue or suh-peduncular lobe, a

prominent tuft, situated behind and below the middle peduncle of the cerebellum
;

its surface is composed of grey matter, subdivided into a few small laminre : it is

sometimes called the pnevmogastric lobule, from being situated behind the pneumo-

gastric nerve. The amygdala or tonsil is situated on either side of the great median
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fissui'e or valley, and projects into the fourtK veHtricle. The digastric lohe is situated

on the outside of the tonsil, being connected in part with the pyramid. Behind the

digastric is the slender lobe, which is connected with the back part of the pyramid
and the commissura brevis : and more posteriorly is the inferiorposterior lobe, which
also joins the commissura brevis in the valley.

Stnicture. If a vertical section is made through either hemisphere of the

cerebellum, midway between its centre and the superior vermiform process,

the interior will be found to consist of a central stem of white matter, which
contains in its interior a dentate body. From the surface of this central stem
a series of plates of medullary matter are detached, which, covered with grey

matter, form the laminae ; and 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 lamincB are about ten or twelve in number, including those on both
surfaces of the cerebellum, those in front being detached at a right angle, and
those behind at an acute angle ; as each lamina proceeds outwards, other secondary
laminEe are detached from it, and from these, tertiary lamina. The arrangement
thus described gives to the cut surface of the organ a foliated appearance, to

which the name arbor vitce has been given. Each lamina consists of white

matter, covered externally by a layer of grey substance. The white matter of

each lamina is derived partly from the central stem : in addition to which white

fibres pass from one lamina to another. The grey matter resembles somewhat
the cortical substance of

274.—Vertical Section of the Oerehellum.
the convolutions. It con-

sists of two layers : the

external one, soft and of

a greyish colour ; the in-

ternal one, firmer and of a

rust colour.

The corpus dentatum, or

ganglion of the cerebellum,

is situated a little to the

inner side of the centre of

the stem of w-hite matter.

It consists of an open bag

or capsule of grey matter,

the section of which pre-

sents a grey dentated out-

line, 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 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) connect the cerebelium

with the cerebrum ; they pass forwards and upwards to the testes, beneath which

they ascend to the crura cerebri and optic thalami, forming part of the diverging

cerebral fibres : each peduncle forms part of the lateral boundary of the fourth

ventricle, and is connected with its fellow of the opposite side by the valve of

Vieussens. The peduncles are continuous behind with the folia of the inferior

vermiform process, and with the white fibres in the interior of the corpus dentatum.

Beneath the corpora quadrigemina, the innermost fibres of each peduncle decussate

with each other, so that some fibres from the right half of the cerebellum are

continued to the left half of the cerebrum.

KK
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The inferior fedancles (processus ad meduUam) connect the cerebellum with

the medulla oblongata. They pass downwards, to the back part of the medulla,

and form part of the restiform. bodies. Above, the fibres of each process are

connected chiefly with the laminse, on the upper surface of the cerebellum ; and

below, they are connected with all three tracts of one half of the medulla ; and,

through these, with the corresponding half of the cord, excepting the posterior

median columns.

The middle peduncles (processus ad ponteni), the largest of the three, connect

together the two hemispheres of the cerebellum, forming their great transverse

commissure. They consist of a mass of curved fibres, which arise in the lateral

parts of the cerebellum, and pass across to the same points on the opposite side.

They form the transverse fibres of the pons Varolii.

Fourth Ventricle. (Fig. 271).

The fourth ventricle, or ventricle of the cerebellum, is the space between the

posterior surface of the medulla oblongata and pons in front, and the cerebellum

behind. It is lozenge-shaped, being contracted above and below, and broadest

across its central part. It is bounded laterally by the processus e cerehello

ad testes above, and by the diverging posterior pyramids and restiform bodies

below.

The roof is arched ; it is formed by the valve of Vieussens and the under surface

of the cerebellum, which presents, in this situation, four small eminences or lobules,

the nodulus, uvula, and amygdalse.

The anterior boundary, or floor, is formed by the posterior surface of the

medulla oblongata and pons. In the median line is seen the posterior median

fissure, which becomes gradually obliterated above, and terminates below in the

point of the calamus scriptorius, formed by the convergence of the posterior

pyramids. At this point is the orifice of a short canal terminating in a cul-de-

sac, the remains of the canal which extends in foetal life through the centre

of the cord. On each side of the median fissure are two slightly convex longi-

tudinal eminences, the fasciculi teretes : they extend the entire length of the floor,

being indistinct below and of a greyish colour, but well marked and whitish above.

Each eminence consists of fibres derived from the lateral tract and restiform body,

which ascend to the cerebrum. Opposite the cms cerebelli, on the outer side of

the fasciculi teretes, is a small eminence of dark grey substance, which presents

a bluish tint through the thin stratum covering it ; this is called the locus

cceruleus ; and a thin streak of the same colour continued up from this on

either side of the fasciculi teretes, as far as the top of the ventricle, is called

the tcenia violacea. The lower part of the floor of the ventricle is crossed by
several white transverse lines, liuece transversce • they emerge from the posterior

median fissure ; some enter the crus cerebelli, others enter the roots of origin

of the auditory nerve, whilst some pass upwards and outwards on the floor of the

ventricle.

The lining memhrane of the fourth ventricle is continuous with that of the

third, through the aqueduct of Sylvius, and its cavity communicates below with

the sub-arachnoid 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

medulla.

The choroid plexuses of the fourth ventricle are two in number ; they are delicate

vascular fringes, which project into the ventricle on each side, passing from

the point of the inferior vermiform process to the outer margin of the restiform

bodies.

The grey matter in the floor of the ventricle consists of a tolerably thick
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stratum, continuoas below with the grey commissure of the cord, and extending

up as Iiigh as the aqueduct of Sylvius, besides some special deposits connected

with the roots of origin of certain nerves. In the upper half of the ventricle is

a projection situated over the nucleus, from which the sixth and facial nerves

take a common origin. In the lower half are three eminences on each side for

the roots of origin of the eighth and ninth nerves.

For further information on the Descriptive Anatomy of the Nervous Cenlres, consult :

—

Oruveilhier's ' Anatomie Descriptive;' Todd's 'Descriptive Anatomy of the Brain, Spinal

Cord, and Ganglions;' Herbert Mayo's ' Plates of the Bi-ain and Spinal Cord ;

' Arnold's 'Tabulse

Anatomicro, Fascic. i . Icones Cerebri et MeduUfe Spinalis ; ' Sappey's ' Anatomie Descriptive ;

'

Hirschfeld et L^veiU^'s 'Traits et IconograpLie du Sj'steme nerveux ;
' and Henle's ' Hand-

buch der Anatomie.'



1st.

2nd,

3rd.

Olfactory.

Optic.

Motor oculi.

4th. Pathetic.

5tli.

6tli.

Trifacial (Trigeminus).

Abducens.

Cranial Nerves.

THE Cranial Nerves, nine in number on each side, 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 out of the base of the brain. 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 :—

•

,, r Facial (Portio dura).

[Auditory (Portio mollis).

[" Glosso-pharyngeal.

8th. < Pneumogastric (Par vagum).
L Spinal accessory.

9 th. Hypoglossal.

If, however, the 7th- pair be considered as two, and the 8th pair as three distinct

nerves, then their number will be increased to twelve, which is the arrangement

adopted by Sommering.

The cranial nerves may be subdivided into four groups, according to the peculiar

function possessed by each, viz., nerves of special sense ; nerves of common
sensation; nerves of motion; and mixed nerves. These groups may be thus

arranged :
—
Nerves of Sjpecial Sense. Nerves of Motion.

Olfactory. Motor oculi.

Optic. Pathetic.

Auditoiy. Part of third division of fifth.

Part of Glosso-pharyngeal. Abducens.

Lingual or gustatory branch of fifth. Facial.

Hypoglossal.

Nerves of Common Sensation. Mixed Nerves.

Fifth (greater portion); Pneumogastric.

Part of glosso-pharyngeal. Spinal accessory.

All the cranial nerves are connected to some part of the surface of the brain.

This is termed their swpeifidal or apparent origin. But their fibres may, in all

cases, be traced deeply into the substance of the organ. This part is called their

deep, or real origin.

Olfactory Nerve. (Fig. 267.)

The First, or Olfactory Nerve, the special nerve of the sense of smell,

may be regarded as a lobe, or portion of the cerebral substance pushed forward

in dii'ect relation with the organ to which it is distributed. It arises by three

roots.

The external, or long root, is a narrow, white, medullary band, which passes

outwards across the fissure of Sylvius, into the substance of the middle lobe of the

cerebrum. Its deep origin has been traced to the corpus striatum,* the superficial

fibres of the optic thalamus,t the anterior commissure,!]: and the convolutions of the

island of Reil.

* Vieussens, AVinslow, Monro, Maj'o. t Valentin. % Criiveilliier.
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The middle, or grey root, arises from a papilla of grey matter (caruncula mam-
millaris), imbedded in the anterior lobe. This root is prolonged into the nerve

from the adjacent part of the brain, and contains white fibres in its interior, which
are connected with the corpus striatum.

The internal, or short root, is composed of white fibres, which arise from the

inner and back part of the anterior lobe, being connected, according to Foville,

with the longitudinal fibres of the gyrus fornicatus.

These three roots unite, and form a flat band, narrower in the middle than at

either extremity, and of a somewhat prismoid form on section. It is soit in texture,

and contains a considei'able amount of grey matter in its substance. As it passes

forwards, it is contained in a deep sulcus, between two convolutions, lying on the

under surface of the anterior 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 expands into an oblong mass of greyish-

white substance, the olfactory bulb. From the under part of this bulb are given

off numerous filaments, about twenty in number, which pass through the cribrifoi'm

foramina, and are distributed to the mucous membrane of the nose. Each filament

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 filaments, as they enter the nares, are divisible into three groups :

an inner group, larger than those on the outer wall, spread out over the upper

third of the septum ; a middle set, confined to the roof of the nose ; and an outer

set, which are distributed over the superior and middle turbinated bones, and the

surface of the ethmoid in front of them. As the filaments descend, they unite in

a plexiform network, and become gradually lost in the lining membrane. Their

mode of termination is tinknown.

The olfactory differs in structure from other nerves, in containing grey matter

in its interior, and being soft and jjulpy in consistence. Its filaments are deficient in

the white substance of Schwann, are not divisible into fibrillas, and resemble the

gelatinous fibres, in being nucleated, and of a finely- gi'anular texture.

275.—The Optic Nerves and Optic Tract.

Optic Nkrve.

The Second, or Optic Nerve, the special nerve of the sense of sight, is

distributed exclusively to the eyeball. The nerves of opposite sides are connected

together 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 trad, at its connection with

the brain, is divided into two bands

which arise from the optic thalami, the

corpora geniculata, and the corpora

quadrigemina. The fibres of origin from
the thalamus may be traced partly from

its surface, and partly from its interior.

From this origin, the tract winds obliquely

across the under surface of the crus cere-

bri, in the form of a flattened band, desti-

tute of neurilemma, and is attached to the

crus by its anterior margin. It now as-

sumes a cylindrical form, and, as it passes

forwards, is connected with ' the tuber

cinereum, and lamina cinerea, from both

of which it receives fibres. According to

Foville, it is also connected with the tasnia

semicircularis, and the anterior termination of the gyrus fornicatus. It finally joins

with the nerve of the opposite side, to form the optic commissure.
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The eommisuwe or cliiasma, somewhat quadrilateral in form, rests upon the

optic groove of the sphenoid . bone, being bounded, in front, 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 sides undergo a partial

decussation. The fibres which form the inner margin ../- n p ^.i -c-t.
.. ^ . i ii 276.—(Jourse of the Fibres m

of each tract are continued across irom one to the
^j^g Qptic Commiasure.

other side of the brain, and have no connection with

the optic nerves. These may be regarded as com-

missural fibres (inter-cerebral) between the thalami

of opposite sides. Some fibres are continued across

the anterior border of the chiasma, and connect the

optic nerves of the two sides, having no relation with

the optic tracts. They may be regarded as commissural fibres between the two

retinte (inter-retinal fibres). The outer fibres of each tract are continued into the

optic nerve of the same side. The central fibres of each tract are continued into

the optic nerve of the opposite side, decussating in the commissure with similar

fibres of the opposite tract.*

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 in a

sheath derived from the arachnoid. As each nerve passes through the correspond-

ing optic foramen, it receives a sheath from the dura mater ; and as it enters tha

orbit, this sheath subdivides into two layers, one of which becomes continuous

with the periosteum of the orbit ; the other forms a sheath for the nerve, and sur-

rounds it as far as the sclerotic. The nerve passes througli 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. A small artery, the arteria

centralis retinae, perforates the optic nerve a little behind the globe, and runs along

its interior in a tubular canal of fibrous tissue. It supplies the inner surface of

the retina, and is accompanied by corresponding veins.

AuDiTOET Nerve.

The Auditory Nerve (podio mollis of the seventh pair) is the special nerve of

the sense of hearing, being distributed exclusively to the internal ear. The portio

dura of the seventh paii', or facial nerve, is the motor nerve of the muscles of the

face. It will be described with the cranial motor nerves.

The auditory nerve arises by numerous white strise, the Unem transversce, which
emerge from the posterior median fissure in the anterior wall, or floor, of the fourth

ventricle. It is also connected with the grey matter of the medulla, corresponding

to the locus ceeruleus. According to Foville, the roots of this nerve are connected,

on the under surface of the middle peduncle, with the grey substance of the cere-

bellum, vyith the flocculus, and with the grey matter at the borders of the calamus

scriptorius. The nerve winds round the restiform body, from which it receives

fibres, and passes forwards across the posterior border of the crns cerebelli, in

company with the facial nerve, from v^hich it is partially separated by a small

artery. It then enters the meatus auditorius, in company with the facial nerve,

and, at the bottom of the meatus, divides into two branches, cochlear and vesti-

bular, which are distributed, the former to the cochlea, the latter to the vestibule

and semicircular canals. The auditory nerve is very soft in texture (hence the

name, portio mollis), destitute of neurilemma, and, within the meatus, receives one

or two filaments from the facial.

The other nerves of special sense must be described with the glosso-pharyngeal

and fifth nerves, of which they are parts.

• A specimen of congenital ahsence of the optic commissure is to he found in the Museum
of the Westminster Hospital.



THIRD, 503

Thied Nerve. (Figs. 277, 27S.)

The Third Nekve {motor oculi) supplies all the muscles of the orbit, except

the Superior oblique and External rectus; it also sends motor filaments to the iris.

It is a rather large nerve, of rounded form and firm texture, having its apparent

origin from the inner surface of the crus cerebri, immediately in front of the pons

Varolii.

The deep origin may be traced into the substance of the orus, where some of

its fibres are connected with the locus niger ; others run downwards, among the

longitudinal fibres of the pons ; whilst others ascend, to be connected with the

tubercula quadrigemina, and valve of Vieussens. According to Stilling, the fibres

of the nerve pierce the peduncle and locus niger, and arise from a grey nucleus

in 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 prolongation from the

arachnoid. It then pierces the dui'a mater on the outer side of the anterior clinoid

process, where its serous covering is reflected from it, and 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. It

then divides into two branches, which enter the orbit through the sphenoidal

fissure, between the two
277.—Nerves of the OrMt. Seen from ahove. heads of the External rec-

tus muscle. On passing

through the fissure, the

nerve is placed below the

fourth, and the frontal and

lachrymal branches of the

ophthalmic nerve.

The superior division,

the smaller, passes inwards

across the optic nerve, and

supplies the Superiorrectus

and Levator palpebrse.

The inferior division, the

larger, divides into three

branches. One passes be-

neath the optic nerve to

the Internal rectus ; an-

other to the Inferior rectus

;

and the third, the largest

of the three, passes for-

wards between the Inferior

and External recti, to the

Inferior oblique. From the

latter, a short thick branch

is given ofi' to the lower

part of the lenticular gan-

glion, forming its inferior

root, as well as two fila-

ments to the Inferior rec-

tus. All these branches

enter the muscles on their

ocular surface.

Ei/ra-TrceUltUrn

,,,Ji..

.Fourth Nerve. (Fig. 277.)

The Fourth, or trochlear nerve, the smallest of the cranial nerves, supplies

the Superior oblique muscle. It arises from the upper part of the valve of

Vieussens, immediately behind the testis, and divides beneath the corpora quadri-

gemina, into two fasciculi ; the anterior one arising from a nucleus of grey matter,
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close to the middle line of the floor of the Sylvian aqueduct ; the posterior one

from a grey nucleus, at the upper part of the floor of the fourth ventricle, close to

the orio-in of the fifth nerve. The two nerves are connected together at their

origin, by a transverse band of white fibres, which crosses the surface of the valve

of Vieussens. - The nerve winds round the outer side of the crus cerebri, im-

mediately above the pons Varolii, pierces the dura mater in the free border of

the tentorium cerebelli, near the posterior clinoid process, above the oval opening

for the fifth nerve, and passes forwards through the outer wall of the cavernous

sinus, below the third ; but, as it enters the orbit, through the sphenoidal fissure,

it becomes the highest of all the nerves. In the orbit, it passes inwards, above

the origin of the Levator palpebree, and finally enters the orbital surface of the

Superior oblique muscle.

In the outer wall of the cavernous sinus, this nerve receives some filaments from

the carotid plexus of the sympathetic. It is not unfrequently blended with the

ophthalmic division of the fifth ; and occasionally gives off a branch to assist in

the formation of the lachrymal nerve. It also gives oif 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.

278.—Nerves of the Orbit and Ophthalmic Ganglion. Side View.

lititT'ital Cai\ytjd A3.

i5> Carotid Pieoru^

Sixth Nerve.

The Sixth Nerve (Abducens') supplies the External rectus muscle. Its apparent
origin is by several filaments from the constricted part of the corpus pyramidale,

close to the pons, or from the lower border of the pons itself.

The deep origin of this nerve has been traced, by Mayo, between the fasciculi

of the corpus pyi-amidale, to the posterior part of the medulla, where StilHng has
shown its connection with a grey nucleus in the floor of the fourth ventricle. The
nerve pierces the dura mater, immediately below the posterior clinoid process,

lying in a groove by the side of the body of the sphenoid bone. It passes for-

wards through the cavernous sinus, lying on the outer side of the internal carotid

artery, where it is joined by several filaments from the carotid plexus, by one
from Meckel's ganglion (Bock), and another from the ophthalmic nerve. It enters

the orbit through the sphenoidal fissure, and lies 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.

The above-mentioned nerves, as well as the ophthalmic division of the fifth as



FACIAL, 505

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 be now
described.

In the cavernous sinus, the third, fourth, and ophthalmic division of the fifth,

are placed in the dura mater of 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 sphenoidal fissure, the third and fifth nerves become divided into branches,

and the sixth approaches the rest ; so that their relative position becomes consi-

derably changed.

In the sphenoidal fissure, the fourth, and the frontal and lachrymal divisions

of the ophthalmic, lie upon the same plane, the former being most internal, the

latter external ; and they enter the cavity of the orbit above the 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 ; beneath this lies the

nasal branch of the fifth ; then the inferior division of the third ; and the sixth

lowest of all.

In the orbit, the fourth, and the frontal and lachrymal divisions of the ophthal-

mic, lie on the same plane immediately beneath the periosteum, the fourth nerve
being internal and resting on the Superior oblique, the frontal resting on the
Levator palpebr®, and the lachrymal on the external rectus. Next in order comes
the superior division of the third nerve lying immediately beneath the Superior
rectus, and then the nasal division of the fifth ci-ossing the optic nerve from the

outer to the inner side of the orbit. Beneath these is found the optic nerve sur-

rounded in front 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.

Facial Nerve.

The Facial Nerve, ov portio dura of the seventh pair, is the motor nerve of

all the muscles of expression in the face, and of the Platysma and Buccinator.

It supplies also two of the muscles of the external ear, the posterior belly of the

Digastric, and the Stylo-hyoid. Through the chorda tympani it supplies the

Lingualis ; by its tympanic branch, the Stapedius and Laxator tympani ; throuo-h

the otic ganglion, the Tensor Tympani ; and through the connection of its trunk
with the Vidian nerve, by the petrosal nerve, it probably supplies the Levator
palati and Azygos uvulae. It arises from the lateral tract of the medulla
oblongata, in the groove between the olivary and restiform bodies. Its deep
origin may be traced to the floor of the fourth ventricle, where it is connected
with the same nucleus as the sixth nerve. This nerve is situated a little nearer
to the middle line than the portio mollis, close to the lower border of the pons
Varolii, from which some of its fibres are derived.

Connected with this nerve, and lying between it and the portio mollis, is a small
fasciculus (portio inter dnram

279.—The Course and Comiection of the Facial Nerve, ^t mollem of Wrisbero- or
in the Temporal Bone.

portio intermedia). This ac-

cessory portion arises from
the lateral column of the cord.

The nerve passes forwards
and outwards upon the crus
cei-ebelli, and enters the in-

ternal auditory meatus with
the auditory nerve. Within
the meatus, the facial nerve
lies first to the inner side of

the auditory, and then in a groove upon that nerve, and is connected to it by one
or two filaments.
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At the bottom of the meatus, it enters the aqnaadnctus Fallopii, and follows the

serpentine course of that cannl through the petrous portion of the temporal bone,

from its commencement at the internal meatus to its termination at the stylo-

mastoid foramen. It is at first directed outwards towards the hiatus Fallopii,

where it forms a reddish gangliform swelling (intumescentia ganglioformis), and
is joined by several nerves ; then bending suddenly backwards, it runs in the

internal wall of the tympanum, abo\'e the fenestra ovalis, and at the back of that

cavity passes vertically downwards to the stylo-mastoid foramen.

On emerging from tins 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 primary branches, temporo-facial and cervico-facial, from
which numerous offsets are distributed over the side of 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 of a bird's claws

; heuce the name of pes anserivus is given to the

divisions of the facial nerve in and near the parotid gland.

The communications of the facial nerve may be thus arranged :

—

In the internal auditory meatus . With the auditory nerve.

I With Meckel's ganglion by the large

I
petrosal nerve.

In the aqureductus Fallopii

.

. J
With the otic ganglion by the small

petrosal nerve.

With the sympathetic on the middle me-
ningeal by the external petrosal nerve.

With the pneumogastric.

At its exit from the stylo-mastoid
!

" glosso-pharyngeal.

foramen 1
» carotid plexus.

,, auricularis magnus.

,, auriculo-temporal.

On the face..... With the tiiree divisions of the fifth.

In the internal auditory meatus, some minute filaments pass between the facial

and auditory nerves.

Opposite the hiatus Fallopii, the gangliform enlargement on the facial nerve

communicates by means of the large petrosal nerve, with Meckel's ganglion,

forming its motor root; by a filament from the small petrosal, with the otic

ganglion ; and by the external petrosal, with the sympathetic filaments accom-

panjdng the middle meningeal artery (Bidder). From the gangliform enlarge-

ment, 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 pneumogastric,

anothei' to the glosso-pharyngeal nerve, and communicates with the carotid plexus

of the sympathetic, with the great auricular branch of the cervical plexus, with

the auriculo-temporal branch of the inferior maxillary nerve in the parotid gland,

and on the face with the terminal brandies of the three divisions of the fifth.

Branches of Distriedtion.

Within aqutednctus Fallopii . < .,-, , ,

'

L Chorda tympani.

., ., »
, , , ., r Posterior auricular.

At exit from stvlo-mastoid ., . I „. . .
•' < JJis'astric.

foramen

On the face

Stylo-hyoid.

r Temporal.
Temporo-facial <^ Malar.

L Infraorbital.

r Buccal.

Cervico-facial J Supramaxillary.

(_ Inframaxillary.
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The Tympanic hranch arises from the nerve opposife tlie pyramid ; it is a small

iilameiit, which, supplies the Stapedius and Laxator tympani muscles.

The Chorda tympani is given off from the facial as it passes vertically down-

-wards at the back of the tympanum, about a quarter of an inch before its exit

from the stylo-mastoid foramen. It ascends from belovr upwards in a distinct

canal, parallel with the aqureductus Fallopii, and enters the cavity of the tym-

panum through an opening (iter chordEe posterius) between the base of the

pyramid and the attachment of the membrana tympani, and becomes invested

280.—The Nerves of the Scalp, Face, and Side of the Neck.

'^^1|\>K1\|(\

with mucous membrane. It passes forwards through the cavity of the tympanum,

between tbe handle of the malleus and vertical ramus of the incu.«, to its anterior

inferior angle, and emerges from that cavity through a foramen at the inner side

of the Glaserian fissure which is called the iter chordse anterius, or canal of

Huguier. It then descends between the two Pterygoid muscles, and meets the

gustatory nerve at an acute angle, after communicating with which, it accompanies

it to the submaxillary gland ; it then joins the submaxillary ganglion, from whence

it has been traced by some anatomists into the proper muscular fibres of the tongue

—the Litigualis muscle.

The Posterior auricular nerve ari.<?es close to the stylo-mastoid foramen, and

passes upwards in front of the mastoid process, where it is joined by a filament
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from the auricular branch of the pneumogastric, and communicates with the deep
branch of the auricularis magnus ; as it ascends between the meatus and mastoid
process it divides into two branches. The auricular branch supplies the Retrahens
aurem. The occipital hranch, the larger, passes backwards along the superior

curved line of the occipital bone, and supplies the occipital portion of the Oocipito-

frontalis.

The Stylo-hjoid is a long slender branob, which passes inwards, entering the

Stylo-hyoid muscle about its middle ; it communicates with the sympathetic

filaments on the external carotid artery.

The Digastric branch usually arises by a common trunk with the preceding

;

it divides into several filaments, which supply the posterior belly of the Digastric
;

one of these perforates that muscle to join the glosso-pharyngeal nerve.

The Temporo-facial, the larger of the two terminal branches, passes upwards
and forwards through the parotid gland, crosses 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 infraorbital.

The temporal branches cross the zygoma to the temporal region, supplying

the Attrahens aurem muscle, and join with the temporal branch of the superior

maxillary, and with the auricalo-temporal branch of the inferior maxillary. The
more anterior branches supply the frontal portion of the Occipito-frontalis, and
the Orbicularis palpebrarum muscle, joining with the supraorbital branch of the

ophthalmic.

The malar branches pass across the malar bone to the outer angle of the orbit,

where they supply the Orbicularis and Gorrugator supercilii muscles, joining with

filaments from the lachrymal and supraorbital nerves : others siipply the lower

eyelid, joining with filaments of the malar branches of the superior maxillary nerve.

The infraorbital, 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 supply the lower eyelid and Pyramidalis nasi, joining at the

inner angle of the orbit with the infratrochlear and nasal branches of the ophthal-

mic. The deep) branches pass beneath the Levator labii superioris, sapply it and

the Levator anguli oris, and form a plexus (infraorbital) by joining with the

infraorbital branch of the superior maxillary nerve.

The Gervico-facial division of the facial nerve passes obliquely downwards and

forwards through the parotid gland, where it is joined by branches from the

great auricular nerve; opposite the angle of the lower jaw it divides into branches

which are distributed on the lower half of the face and upper part of the

neck. These may be divided into three sets : buccal, supramaxillary, and infra-

maxillary.

The buccal brandies cross the Masseter muscle. They supply the Buccinator

and Orbicularis oris, and join with the infraorbital branches of the temporo-

facial division of the nerve, and with filaments of the buccal branch of the

inferior maxillary nerve.

The supramaxillary branches pass forwards beneath the Platysma and Depressor

anguli oris, supplying the muscles of the lip and chin, and anastomosing with the

mental branch of the inferior dental nerve.

The inframaxiV.ary branches run forward beneath the Platysma, and form a

series of arches across the side of the neck over the supra-hyoid region. One of

these branches descends vertically to join with the superficial cervical nerve from

the cervical plexus ; others supply the Platysma.

Ninth, oe Hypoglossal Neeve.

The Ninth Neeve (Jiypoylossal) is the motor nerve of the tongue. It arises

by several filaments, from ten to fifteen in number, from the groove between the
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pyramidal and olivary bodies, in a continuous line "vvith the anterior roots of the

spinal nerves. According to Stilling, these roots may be traced to a grey nucleus

in the floor of the medulla oblongata, between the posterior median furrow and
the nuclei of the glosso-pbaryngeal and vagus nerves. The filaments of this

nerve are collected into two bundles, which perforate the dura mater separately,

281.—Hypoglossal Nerve, Cervical Ple.xus, aud their Branches.

opposite the anterior condyloid foramen, and unite together after their passage

through it. In those cases in which the anterior condyloid foramen in the occi-

pital bone is double, these two portions of the nerve are separated by a small

piece of bone, wbich divides the foramen. The nerve descends almost vertically

to a point corresponding with the angle of the jaw. It is at first deeply seated

beneath the internal carotid and internal jugular vein, and intimately connected

with the pneumogastric nerve ; it then passes forwards between the vein and
artery, and at a lower part of the neck becomes superficial below the Digastric

muscle. The nerve then loops round the occipital artery, and crosses the external

carotid below the tendon of the Digastric muscle. It passes beneath the Mylo-

hyoid muscle, lying between it and the Hyo-glossus, and is connected at the

anterior border of the latter muscle with the gustatory nerve ; it is then continued

forwards into the Genio-hyo-glossua muscle as far as the tip of the tongue, dis-

tributing branches to its substance.
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Branolies of this nerve communicate with the

Pueamogastric. ,
First and second cervical nerves.

Sympathetic. Gustatory.

The comrauuication with the pneumogastric takes place close to the exit of the

nerve from the skull, numerous filaments passing between the hypoglossal and

second cran"-Hon of the pneumogastric, or both being united so as to form one

mass.

The communication with the sympathetic takes place opposite the atlas, by

branches derived from the superior cervical ganglion, and in the same situation

the ninth is joined by a filament derived from the loop connecting the first two

cervical nerves.

The communication with the gustatory takes place near the anterior border of

the Hyo-glossus muscle by numerous filaments which ascend upon it.

The branches of distribution are the

Descendens noni. Thyro-hyoid.

Muscular.

The descendeiis noni is a long slender branch, which quits the hypoglossal

where it turns round the occipital artery. It descends obliquely across the sheath

of the carotid vessels, and joins just below the middle of the neck, to form a loop

with the communicating branches from the second and third cervical nerves. From
the convexity of this loop branches pass forwards to supply the Sterno-hyoid,

Sterno-thyroid, and both laellies of the Omo-hyoid. According to Arnold, another

filament descends in front of the vessels into the chest, which joins the cardiac

and phrenic nerves. The descendens noni is occasionally 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 pos-

terior border of the Hyo-glossus ; it passes obliquely across the great cornu 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.

Fifth Nerve.

The Fifth Nekve {trifacial, trigeminus) is the largest cranial nerve, and

resembles a spinal nerve, in its origin by two roots, and in the existence of a

ganglion on its posterior root. The functions of this nerve are various. It is

a nerve of special sense, of common sensation, and of motion. It is the great sen-

sitive nerve of the head and face, the motor nerve of the muscles of mastication,

and its lingual branch is one of the nerves of the special sense of taste. It arises

by two roots, a posterior larger or sensory, and an anterior smaller or motor root.

Its superficial origin is from the side of the pons Varolii, a little nearer to the

upper than the lower border. The smaller root consists of three or four bundles
;

in the larger, the bundles are more numerous, varying in number from seventy to

a hundred : the two roots are separated from one another by a few of the trans-

verse fibres of the pons. The dee^J origin of the larger or sensory root may be

traced between the transverse fibres of the pons Varolii to the lateral tract of the

medulla oblongata, immediately behind' the olivary body. According to some

anatomists, it is connected with the grey nucleus at the back part of the medulla,

between the fasciculi teretes and restiform columns. By others, it is said to be

continuous with the fasciculi teretes and lateral column of the cord ; and, according

to Foville, some of its fibrts are connected with the transverse fibres of the pons
;

whilst others enter the cerebellum, spreading out on the surface of its middle

peduncle. The motor root has been traced by Bell and Retzius to be connected

with the pyramidal body. The two roots of the nerve pass forwards through an
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oval opening in the dura mater, opposite the internal auditory meatns : here the

fibres of the larger root enter a large semilunar ganglion (Casserian), while the

smaller root passes beneath the ganglion without having any connection with it,

and joins outside the cranium with one of the trunks derived from it.

The Casserian, or Semilunar Ganglion, is lodged in a depression near the apex

of the petrous portion of the temporal bone. It is of a 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 suj)erficial petrosal

nerve lies underneath the ganglion.

Branches. This ganglion receives, on its inner side, filaments from the carotid

plexus of the sympathetic ; and from it some minute branches are given off to the

tentorium cerebelli, and the dnra 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 common sensation. The third

division, or inferior maxillary, is composed of fibres from both roots. This, there-

fore, strictly sptaking, is the only portion of the fifth nerve which can be said to

resemble a spinal nerve.

Ophthalmic Nerve. (Fig. 277.)

The Ophthalmic, or first division of the fifth, is a sensory nerve. It supplies

the eyeball, the lachrymal gland, the mucous lining of the eye and nose, and the

integument and muscles of the eyebrow and forehead. It is the smallest of

the three divisions of the fifth, arising from the upper part of the Casserian gan-

glion. It is a short, flattened band, about an inch in length, which passes for-

wards 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. The ophthalmic nerve is joined by fila-

ments from the cavernous plexus of the sympathetic, and gives off recurrent

filaments which pass between the layers of the tentorium, with a branch from the

fourth nerve.

Its branches are, the

Lachrymal. Frontal. Nasal.

The Lachrymal is 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, and this Swan considers to be its usual condition. It passes forwards

in a separate tube of dura mater, and enters the orbit through the narrowest part

of the sphenoidal fissure. In the orbit, it runs along the upper border of the

External rectus muscle, with the lachrymal artery, and is connected with the

orbital branch of the superior maxillary nerve. Within the lachrymal gland it gives

off several filaments, which supply the gland and the conjunctiva. Finally, it

pierces the palpebral 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 continuation of this 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 palpebras and the

periosteum. Midway between the apex and base of the orbit it divides into two
branches, supratrochlear and supraorbital.

The supratrochlear braiich, 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 supraorbital foramen,

curves up on to the forehead close to the bone, and ascends behind the Corrugator
supercilii and Occipito-frontalis muscles, to both of which it is distributed

;

finally, it is lost in the integument of the forehead.
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The supraorbital hranoh passes forwards tliroug-li the supraorbital foi'amen, and
gives off, in this situation, palpebral filaments to the upper eyelid. It then ascends
upon the forehead, and terminates in muscular, cutaneous, and pericranial

branches. The muscular branches supply the Corrugator supercilii, Oocipito-

frontalis, and Orbicularis palpebrarum, furnishing these muscles with common
sensation, and joining in the substance of the latter muscle with the facial nerve.

The cutaneous branches, two in number, an inner and an outer, supply the integu-

ment 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 brandies are

distributed to the pericranium over the frontal and parietal bones. They are

derived from the cutaneous branches whilst beneath the muscle.

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 palpebras 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 shallow groove on the front of the cribriform plate of the ethmoid

bone, and passes down, through the slit by the side of the crista galli, into the

nose, where it divides into two branches, an internal and an external. The
internal 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 part of the outer wall of the nares as far as the inferior spongy bone ; it

then leaves the cavity of the nose, between the lower border of the nasal bone and
the ujDper lateral cartilage of the nose, and, passing down beneath the com-

pressor 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 infratrochlear.

The rjaugliunic is a long, slender branch, about half an inch in length, which

usually arises 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 superior division of the third nerve.

The long ciliary nerves, two or three in number, are given off from the nasal as it

crosses the optic nerve. They join the short ciliary nerves from the ciliary gang-

lion, pierce the posterior part of the sclerotic, and, running forwards between it

and the choroid, are distributed to the ciliary muscle and ii'is.

The infratrochlear branch is given off just as 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 Orbicularis palpebrarum, the integument of the eyelids, and

side of the nose, the conjunctiva, lachrymal sac, and caruncula lachrymalis.

Ophthalmic G-anglion. (Fig- 278.)

Connected with the three divisions t)f the fifth nerve are four small ganglia,

which form the whole of the cephalic portion of the sympathetic. 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 sub-

maxillary ganglia. All the four receive sensitive filaments from the fifth, and

motor and sympathetic filaments from various sources ; these filaments are called

the roots of the ganglia. The ganglia are also connected with each other,, and

with the cervical portion of the sympathetic.
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The Opldhahnic, Lenticular, or Giliary Ganglion, is a small, quadrangular flattened

ganglion, of a reddish-grey colour, and about the size of a pin's head, situated at

the back part of the orbit between the optic nerve and the External rectus muscle,

lying generally on the outer side of the ophthalmic artery. It is enclosed in a

quantity of loose fat, which makes its dissection somewhat diflicult.

Its branches of communication, or roots, are three, all of which enter its posterior

border. One, the long root, is derived from the nasal branch of the ophthalmic,

and joins its superior angle. The second, the short root, is a short thick nerve,

occasionally divided into two parts, which is derived from the branch of the

third nerve for the Inferior oblique muscle, and is connected with the inferior

angle of the ganglion. The third, the sympathetic root, is a slender filament

from the cavernous plexus of the sympathetic. This is occasionally blended

with the long root, and sometimes passes to the ganglioQ separately. According

to Tiedemann, this ganglion receives a filament of communication from the spheno-

palatine ganglion.

Its branches of distribution are the short ciliary nerves. These are delicate

filaments from ten to twelve in number, which arise from the fore part of the

ganglion in two bundles, connected with its superior and inferior angles ; the

upper bundle consisting of four filaments, and the lower of six or seven. They
run forwards with the ciliary arteries in a wavy course, one set above and the

other below the optic nerve, pierce the sclerotic at the back part of the globe,

pass forwards in delicate grooves on its inner sui-face, and are distributed to the

ciliary muscle and iris. A small filament is described by Tiedemann, penetrating

the optic nerve with the arteria centralis retince.

SUPEEIOK ILiXILLARY NeRVE. (Fig. 282.)

The Superior Maxillary, or second division of the fifth, is a sensory nerve. It

is intermediate, both in position and size, between the ophthalmic and inferior

maxillary. It commences at the middle of the Casserian ganglion as a flattened

plexiform band, and passes forwards through the foramen rotundura, where it

becomes more cylindrical in form, and firmer in texture. It then crosses the

spheno-maxillary fossa, traverses the infraorbital canal in the floor of the orbit,

and appears upon the face at the infraorbital foramen. At its termination, the

nerve lies beneath the Levator labii superioris muscle, aiid 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.

The branches of this nerve may be divided into three groups :— i. Those given

off in the spheno-maxillary fossa. 2. Those in the infraorbital canal. 3. Those

on the face.

r Orbital.

Spheno-maxillary fossa < Spheno-palatine.

L Posterior dental.

Infraorbital canal . . Anterior dental.

r Palpebral.

On the face . . . < Nasal.

L Labial.

The Orbital 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.

The temporal branch 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

LL
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integament covering the temple and side of the forehead, communicating with the

facial and auriculo-temporal branch of the inferior maxillary nerve.

The malar branch passes along the external inferior angle of the orbit, emerges

upon the face through a foram.en in the malar bone, and perforating the Orbicularis

palpebrarum muscle on the prominence of the cheek, joins vpith the facial.

The spheno-palatine branches, two in number, descend to the spheno-palatine

ganglion.

The posterior dental branches arise from the trunk of the nerve just as it is

about to enter the infraorbital canal ; they are two in number, posterior and

anterior.

2S2.- -Distributiou of the Second and Third Divisions of the Fifth Nerve
and Submaxillarv Ganglion.

Sensor;/ 71c pt

The posterior branch passes from behind forwards in the substance of the superior

maxillary bone, and joins opposite the canine fossa with the anterior dental.

Numerous filaments are given oiF from the lower boi'der of this nerve, which form

a minute plexus in the outer wall of the superior maxillary bone, immediately above

the alveoli. From this plexus filaments are distributed to the pulps of the molar

and second bicuspid teeth, the lining membrane of the antrum, and corresponding

portion of the gums.

The anterior branch is distributed to the gums and Buccinator muscle.

The anterior dental^ of large size, is given off from the superior maxillary

nerve just before its exit from the infraorbital foramen ; it enters a special canal

in the anterior wall of the antrum, and anastomoses with the posterior dental.

Prom this nerve some filaments are distributed to the incisor, canine, and first
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bicuspid teetli ; others are lost upon the lining membrane covering the fore part

of the inferior meatus. In this situation it forms the communication with a nasal

branch from Meckel's ganglion called the ganglion of Bochdalek.

The palpebral branches pass upwards beneath the Orbicularis palpebrarum.
They supply this muscle, 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 muscles and integument of

the side of the nose, and join with the nasal laranch of the ophthalmic.

The labial branches, the largest and most numerous, descend beneath the Levator
labii superioris, and are distributed to the integument and muscles of the upper
lip, the mucous membrane of the mouth, and labial glands.

All these branches are joined, immediately beneatli the orbit, by filaments from
the facial nerve, forming an intricate plexus, the infraorbital.

Spheno-Palatine Ganglion.

The sjpheno-palatine ganglion (Meckel's) (fig. 283), 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 placed mainly behind the palatine branches of the superior maxillary nerve,

at the point where the sympathetic root joins the ganglion. It consequently

does not involve those nerves which pass to the palate and nose. Like the other

ganglia of the fifth nerve, it possesses a motor, a sensory, and a sympathetic root.

Its motor root is derived from the facial, through the Vidian ; its sensory root

from the fifth ; and its sympathetic root from the carotid plexus, through the

Vidian. Its branches are divisible into four groups : ascending, which pass to the

orbit ; descending, to the palate ; internal, to the nose ; and posterior branches, to

the pharynx.

The ascending branches are two or three delicate filaments, which enter the

orbit by the spheno-maxillary fissure, and supply the periosteum. Arnold describes

and delineates these branches as ascending to the optic nerve ; one, to the sixth

nerve (Bock) ; and one to the ophthalmic ganglion (Tiedemann).

The descending ov palatine branches are disti-ibuted to the roof of the mouth,

the soft palate, tonsil, and lining membrane of the nose. They are almost a direct

continuation of the spheno-palatine bran^jhes of the superior maxillary nerve, 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 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 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 palatine nerve, descends in the same canal as the pre-

ceding, to the posterior palatine foramen, distributing branches to the uvula, tonsil,

and soft palate. It is 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

palatine foramen. It supplies the Levator palati and Azygos uvuls3 muscles, the

soft palate, tonsil, and uvula.

The internal branches are distributed to the septum, and outer wall of the nasal

fossae. They are the superior nasal (anterior), and the naso-palatine.

The superior nasal branches (anterior), four or five in number, enter the back pait

of the nasal fossa by the spheno-palatine foramen. They supply themucous mem-
brane covering the superior and middle spongy bones, and that lining the posterior

LJ. 2



Si6 CRANIAL NERVES.

ethmoidal cells, a few being prolonged to the upper and back part of the

septum. One of these branches (the posterior) is continued on to the wall of the

antrum, and there forms a communication with the anterior dental nerye. At the

point of communication a swelling exists, denominated ' the ganglion of Bochdalek,'

the nature of which seems however uncertain.

The naso-palatine nerve (Cotunniiis) enters the nasal fossa with the other nasal

nerves, and passes inwards across the roof of the nose, below the orifice of the

spheuoidal sinus, to reach the septum ; it then runs obliquely downwards and for.

wards aloug 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 by a distinct canal, which opens below in the anterior palatine fossa ; the

right nerve, also in a separate canal, being posterior to the left 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 fur-

nishes a few small filaments to the mucous membrane of the septum.

283.—The Spbeno-Palatine Ganglion and its Branches.

The posierior hranches are the Vidian and pharyngeal (pterygo-palatine).

The Vidian nerve, if traced /rom Meckel's ganglion, may be said to arise from

the back part of the spheno -palatine ganglion, and then passes through tlie Vidian

canal, enters the cartilage filling in the foramen lacerum basis cranii, and divides

into two branches, the large petrosal and the carotid. In its course along the

Vidian canal, it distributes a few filaments to the lining membrane at the back part

of the roof of the nose and septum, and that covering the end of the Eustachian

tube. These are upper posterior nasal biianches.

The large petrosal branch (nervus petrosiis sitpetficialis major) enters the ci-anium

through the foramen lacerum basis cranii, having pierced the cartilaginous sub-

stance which fills in this aperture. It runs beneath the Casserian ganglion and

dura mater contained in a groove in the anterior surface of the petrous portion of

the temporal bone, enters the hiatus Eallopii, and, being continued through it into

the aquaaductus Fallopii, joins the gangliform enlargement on the facial nerve.

Properly speaking, this nerve passes from the facial to the spheno-palatine ganguon,

forming its motor root.
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The carotid brancli is shorter, but larger than the petrosal, of a reddish-grey

colour and soft in texture. It crosses the foramen laceram surrounded by the

cartilaginous substance which fills in that aperture, and enters the carotid canal

on the outer side of the carotid artery, to join the carotid plexus.

This description of the Vidian nerve as a branch from the ganglion, is tbe more
convenient anatomically, inasmuch as the nerve is generally dissected /ro?ra the

ganglion, as a single trunk dividing into two branches. But it is more correct,

physiologically, to describe the Vidian as being formed by tbe union of the two
branches (great jjetrosal and carotid) from the facial and the sympathetic, and as

running into the ganglion. The filaments, which are described above as given off

from the Vidian nerve, would then be regarded as branches from th.e ganglion

which are merely enclosed in the same sheath as the Vidian.

The pharyngeal nerve (pterygo-palatine) is a small branch arising from the

back part of the ganglion, occasionally together with the Vidian nerve. It passes

through the pterygo-jjalatine canal with the pterygo-palatine artery, and is dis-

tributed to the lining membrane of the pharynx, behind the Eustachian tube.

Inferior Maxillary Nerve. (Pig. 282.)

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 lip, and the muscles of mastication : it also supplies the tongue

with one of its sjjecial nerves of the sense of taste. It is the largest of the three

divisions of the fifth, and consists of two portions, the large or sensory root

proceeding from the inferior angle of the Casserian ganglion ; and the small

or motor root,, which passes beneath the ganglion, and unites with the inferior

maxillary nerve, just after its exit through the foramen ovale. Immediately

beneath the base of the skull, this nerve divides into two trunks, anterior and
posterior.

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 two pteryg'oid.

The masseteric hranch passes outwards, above the External pterygoid muscle, 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

its anterior border. It occasionally gives a branch to the Temporal muscle, and

a filament to the articulation of the jaw.

The deep temporal branches, two in number, anterior and posterior, supply the

deep surface of the Temporal muscle. The posterior branch, of small size, is placed

at the back of the temporal fossa. It is sometimes joined with the masseteric

branch. The anterior hranch is reflected upwards, at the pterygoid ridge of the

sphenoid, to the front of the temporal fossa. It is occasionally joined with the

buccal nerve.

The buccal branch pierces the External pterygoid, and passes 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 ptery-

goid during its passage through that muscle, and a few ascending filaments to the

Temporal muscle, one of which occasionally joins with the anterior branch of the

deep temporal nerve. The upper branch supplies the integument and upper part

of the Buccinator muscle, joining with the facial nerve round the facial vein. The

lower branch passes forwards to the angle of the mouth ; it supplies the integument

and Buccinator muscle, as well as the mucous membrane lining the inner surface

of that muscle, and joins the facial nerve.

The pterygoid branches are two in number, one for each pterygoid muscle. The

branch to the Internal pterygoid is long and slender, and passes inwards to enter

* It is doubtful whether tlie buccal branch conveys only ?ensory power to the buccinator,

or motor influence likewise.
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the deep surface of the muscle. Tliis nerve is intimately connected at its origin

with the otic ganglion. The branch to the External pterygoid is most frequently

derived from the buccal, but it may be given off separately from the anterior trunk

of the nerve.

The posterior and larger division of the inferior maxillary nerve also receives

a few filaments from the motor root. It divides into three branches : auriculo-

temporal, gustatory, and inferior dental.

The AuEicuLO-TEMPOEAL Neeve generally arises by two roots, between which

the middle meningeal artery passes. It runs backwards beneath the External

pterygoid muscle to the inner side of the articulation of the lower jaw. It then

turns upwards with the temporal artery, between the external ear and condyle of

the jaw, under cover of the parotid gland, and escaping from beneath this struc-

ture, divides into two temporal branches. The posterior temporal, the smaller of

the two, is distributed to the upper part of the pinna and the neighbouring tissues.

The anterior temporal accompanies the temporal artery to the vertex of the skull,

and supplies the integument of the temporal region, communicating with the

facial nerve.

The auriculo-temporal nerve has hranches of commnnication with the facial and

otic ganglion. Those joining the facial nerve, usually two in number, pass

forwards behind the neck of the condyle of the jaw, and join this nerve at the

posterior border of the Masseter muscle. They form one of the principal branches

of communication between the facial and the fifth nerve. The filaments of com-

munication with the otic ganglion are derived from the commencement of the

auriculo-temporal nerve.

The auricular hranches are two in number, inferior and superior. The inferior

auricular arises behind the articulation of the jaw, and is distributed to the ear

below the external meatus ; other filaments twine round the internal maxillary

artery, and communicate with the sympathetic. The superior auricular arises in

front of the external ear, and supplies the integument covering the tragus and

pinna.

Branches to the meatus auditorius, two in number, arise from the point of com-,

munication between the auriculo-temporal and facial nerves, and are distributed to

the naeatus.

The branch to the temporo-maxillary articulation is usually derived from the

auriculo-temporal nerve.

The parotid hranches supply the parotid gland.

The GusXATOEy or Lisgual Neeve, one of the special nerves of the sense of taste,

supplies the papillas and mucous membrane of the tongue. It is deeply placed

throughout the whole of its course. It lies 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 cborda 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 tbe Superior constrictor muscle of the pharynx, and beneath the

Stylo-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, being

covered by the mucous membrane of the mouth.

Its branches of communication are with the submaxillary ganglion and hypo-

glossal nerve. 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.

Its branches of distribution are few in number. They supply the mucous mem-
brane of the mouth, the gums, the sublingual gland, the conical and fungiform

papilla and mucous membrane of the tongue, the terminal filaments anastomosing

at the tip of the tongite with the hypoglossal nerve.

The Infeeioe Dental is the largest of the three bi'anches of the inferior
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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 incisor 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 an external branch, which supplies that muscle, the Orbicularis oris, and the

integument, communicating with the facial nerve ; and an inner branch, which

ascends to the lower lip beneath the Quadratus menti ; it supplies that muscle

and the mucous membrane and integument of the lip, communicating with the

facial nerve.

The branches of the inferior dental are, the mylo-hyoid, and dental.

The mylo-hyoid is derived from the inferior dental just as that nerve is about

to enter the dental foramen. 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

supplies the cutaneous surface of the Mylo-hyoid muscle, and the anterior belly

of the Digastric, occasionally sending- one or two filaments to the submaxillary

gland.

The dental branches supply the molar and bicuspid teeth. They correspond in

number to the fangs of those teeth : each nerve entering the orifice at the point of

the fang, and supplying the pulp of the tooth.

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, the

gustatory.

Otic Ganglion.

The otic ganglion (Arnold's) (fig. 284) is a small, oval-shaped, flattened ganglion

of a reddish-grey colour, situated immediately below the foramen ovale, on the

2S4.—The Otic Ganglion and its Branches.

inner surface of the inferior maxQlary nerve, and round 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
;
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internally, with the cartilaginous part of the Eustachian tube, and the origin of

the Tensor palati muscle ; heJdnd it, is the middle meningeal artery.

Branches of communication. This ganglion is connected, with the inferior

maxillary nerve, and its internal pterygoid branch, by two or three short,

delicate filaments, and also with the auriculo-temporal nerve ; from the former

it obtains its motor, from the latter, its sensory root ; its communication with

the sympathetic being effected by a filament from the plexus surrounding the

middle meningeal artery. This ganglion also communicates with the glosso-

pharyngeal and facial nerves, through the small petrosal nerve continued from the

tympanic plexus.

Its hrancJies of distribution are a filament to the Tensor tympani, and one to the

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 internal pterygoid

nerve, and passes forwards.

SUBMAXILLAET GaNGLION.

The submaxillary ganglion (fig. 282) is of small size, circular in form, 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 gustatory nerve.

Branches of communication. This ganglion is connected with the gustatory

nerve by a few filaments which join it separately, at its fore and back part. It

also receives a branch from the chorda tympani, by which it communicates with

the facial ; and communicates with the sympathetic by filaments from the nervi

molles—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. According to Meckel,

a branch from this ganglion occasionally descends in front of the Hyo-glossus

muscle, and, after joining with one from the hypoglossal, passes to the Grenio-hyo-

glossus muscle.

Eighth Pair.

The eighth pair consists of three nerves, the glosso-pharyngeal, pneumogastric,

and spinal accessory.

The Glosso-Phaetngbal Nerve is distributed, as its name implies, to the

tongue and pharynx, heing the. nerve of oSs.-Nerves of the Eighth Pair, their
sensation to the mucous membrane of the Origin, Ganglia, and Communications,

pharynx, fauces, and tonsil ; of motion to

the Pharyngeal muscles ; and a special

nerve of taste in all the parts of the

tongue to which it is distributed. It is

the smallest of the three divisions of the

eighth pair, and arises by three or four

filaments, closely connected together, from

the upper part of the medulla oblongata,

immediately behind the olivary body.

Its deep origin may be traced through

the fasciculi of the lateral tract, to a

nucleus of grey matter at the lower paft of the floor of the fourth ventricle

external to the fasciculi teretes. 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 and arachnoid, in front of the pneumogastric

and spinal accessory nerves. 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
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muscles connected with it, to the lower border of the Stylo-pharyngetis. The nerve

now curves inwards, forming an arch on the side of the neck, and lying upon the

Stylo-pharyngeus and the

2S6.—Course and Distribution of the Eighth Middle constrictor of the
Pair of iS erves. pharynx, above the superior

t;„.„.M.,„„„„/ • laryngeal nerve. It then

passes beneath the Hyo-
glossus, and is finally dis-

tributed to the mucous
membrane of the fauces,

and base of the tongue,

the mucous glands of the

mouth and tonsil.

In passing tln-ough the

jugular foramen, the nerve

presents, in succession, two
gangliform enlargements.

The superior, the smaller,

is called the jugular gang-

lion, the inferior and larger

the petrous ganglion, or

the ganglion of Andersch.

The superior, or jugu-

lar ganglion, is situated

in the upper part of the

groove in which the nerve

is lodged during its pas-

sage through the jugular

foramen. It is of very

small size, and involves

only the outer side of the

trunk of the nerve, a small

fasciculus passing beyond
it, which is not connected

directly with it.

The inferior, or petrous

ganglion, is situated in a

depression in the lower

border of the petrous por-

tion of the temporal bone
;

it is larger than the for-

mer, and involves the whole

of the fibres of the nerve.

From this ganglion arise

those filaments which con-

nect the glosso-pharyngeal

with other nerves at the

base of the skull.

Its hranclies ofcommuni-

cation are with the pneu-

mogastric, sympathetic,

and facial, and the tym-

panic branch.

The branches to the pneumogastric are two filaments, one to its auricular

branch, and one to the upper ganglion of the pneumogastric.

The branch to the sympathetic is connected with the superior cervical

^ ion.

The branch of communication with the facial perforates the posterior belly of
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the Digastric. It arises from the trunk of the nerve below the petrous ganglion,

and joins the facial just after its exit from the stylo-mastoid foramen.

The tyvi^ianio hranch (Jaoobson's nerve) arises from the petrous ganglion,

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 wliich

separates the carotid canal from the jugular fossa. Jacobson's nerve ascends to

the tympanum, enters that cavity by an aperture in its floor close to the inner

wall, and divides into three branches, which are contained in grooves upon the

surface of the promontory.

Its branches of distrihution are, one to the fenestra rotunda, one to the

fenestra ovalis, and one to the lining membrane of the Eustacliian tube and

tympanum.
Its branches of communication are three, and occupy separate grooves on the

surface of the promontory. One of these arches forwards and downwards to the

carotid canal to join the carotid plexus. A second runs vertically upwards to join

the greater superficial petrosal nerve, as it lies in the hiatus Fallopii. The third

branch, the lesser petrosal, runs upwards and forwards towards the anterior surface

of the petrous bone, and passes through a small aperture in the sphenoid and tem-

poral bones, or through the foramen ovale, to the exterior of the skull, where it

joins the otic ganglion. This nerve, in its course through the temporal bone,

passes by the ganglionic enlargement of the facial, and has a connecting filament

with it.

The branches of the glosso-pharyngeal nerve are the carotid, pharyngeal, mus-

cular, tonsillar, and lingual.

The carotid branches descend along the trunk of the internal carotid artery as

far as its point of bifurcation, communicating with the phaiyngeal branch of the

pneumogastric, and with branches of the sympathetic.

The pharyngeal branches are three or four filaaients which unite opposite the

Middle constrictor of the pharynx with the pharyngeal branches of the pneumo-

gastric, the external laryngeal, and sympathetic nerves, to form the pharyngeal

plexus, branches from which perforate the muscular coat of the pharynx to supply

the mucous membrane.
The muscular branches are distributed to the Stylo-pharyngeus.

The tonsillar branches supply the tonsil, forming a plexus (circularis tonsillaris)

around this body, from which branches are distributed to the soft palate and fauces,

where they anastomose with the palatine nerves.

The lingual branches are two in number: one supplies the mucous membi-ane

covering the surface of the base of the tongue, the other perforates its substance,

and supplies the mucous niembrane and papillse of the side of the organ.

The Spinal Accessory Nerve consists of two parts : one, the accessory part to

the vagus, and the other the spinal portion.

The accessory part, the smaller of the two, arises by four or five delicate filaments

from the lateral tract of the cord below the roots of the vagus ; these filaments

may be traced to a nucleus of grey matter at the back of the medulla, below the

origin of the vagus. It joins, in the jugular foramen, with the upper ganglion of

the vagus by one or two filaments, and is continued into the vagus below the

second ganglion. It gives branches to the pharyngeal and superior laryngeal

branches of the vagus.

The spinal portion, firm in texture, arises by several filaments from the lateral

tract of the cord, as low down as the sixth cervical nerve ; the fibres pierce the

tract, and are connected with the anterior horn 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 it is then directed outwards to the jugular foramen, through which it passes,

lying in the same sheath as the pneumogastric, separated from it by a fold of the

arachnoid, and is here connected with the accessory portion. At its exit from the

jugular foramen, it passes backwards behind the internal jugular vein, and descends

obliquely behind the Digastric and stylo-hyoid muscles to the upper part of the
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Sterno-mastoid. It pierces that muscle, and passes obliquely across the sab-

occipital triangle, to terminate in the deep surface of the Trapezius. This nerve

gives several branches to the Sterno-mastoid daring its passage through it, and

joins in its substance with branches from the third cervical. In the suboccipital

triangle it joins with the second and third cervical nerves, and assists in the for-

mation of the cervical plexus, and occasionally of the great auricular nerve. On
the front of the Trapezius, it is reinforced by branches from the third, fourth, and

fifth cervical nerves, joins with the posterior branches of the spinal nerves, and is

distributed to the Trapezius, some filaments ascending and others descending in

the substance of the muscle as far as its inferior angle.

The Pneumogastrig Neeye (nervus vagus or par vaguin), one of the three

divisions of the eighth pair, has a more extensive distribution than any of the

other cranial nerves, passing through the neck and thorax to the upper part of

the abdomen. It is composed of both motor and sensitive filaments. It supplies

the organs of voice and respiration with motor and sensitive fibres ; and the pharynx,

oesophagus, stomach, and heart with motor influence. Its sujperjicial origin is by
eight or ten filaments from the lateral tract immediately behind the ohvary body

and below the glosso-pharyngeal ; its fibres may, however, be traced deeply

through the fasciculi of the medulla, to terminate in a grey nucleus near the

lower part of the floor of the fourth ventricle. The filaments become united,

and form a flat cord, which passes outwards across the flocculus to the jugular

foramen, through which it emerges from the cranium. In passing through this

opening, the pneumogastric accompanies the spinal accessory, being contained in

the same sheath of dura mater with it, a membranous septum separating it from

the glosso-pharyngeal, which lies in front. The nerve in this si?;nation presents a

well-marked ganglionic enlargement, which is called ganglion jugulars, or the

ganglion of the root of the fneutnogastric : to it the accessory part of the spinal

accessory nerve is connected. After the exit of the nerve from the jugular

foramen, a second gangliform swelling is formed upon it, called the ganglion

inferius, or the ganglion of the trunk of the nerve ; below which it is again

joined by filaments from the accessory nerve. 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 the root of the

neck. Here the course of the nerve becomes different on the two sides of the

body.

On the rigid side, the nerve passes across the subcltivian artery betvreen it and

the subclavian 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 nerve, the oesophageal

plexus ; below, these branches are collected 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 coeliac plexus, and the

splenic plexus.

On the left side, the pneumogastric nerve enters the chest between the left

carotid and subclavian arteries, behind the left innominate vein. It crosses the

ai'ch of the aorta, and descends behind the root of the left lung and along the

anterior surface of the oesophagus to the stomach, distributing branches over its

anterior surface, some extending over the great cul-de-saa, and others along the

lesser curvature. Filaments from these latter branches enter the gastro-hepatic

omentum, and join the left hepatic plexus.

The ganglion of the root is of a greyish colour, circular in form, about two

lines in diameter, and resembles the ganglion on the large root of the fifth

nerve.

Connecting hranclies. To this ganglion the accessory portion of the spinal

accessory nerve is connected by several delicate filaments ; it also has an anasto-
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motictwig witli the petrous ganglion ofthe glosso-pharyngeal, with the facial nerve

by means of the auricular branch, and with the sympathetic by means of an ascend-

ing filament from the superior cervical ganglion.

The ganglion of the truvh (inferior) is a plexiform cord, cylindrical inform, of a
reddish colour, and about an inch in length ; it involves the whole of the fibres of

the nerve, except the portion of the nerve derived from the spinal accessory, which
blends wdth the nerve beyond the ganglion.

Connecting tranches. This ganglion is connected with the hypoglossal, the

superior cervical ganglion of the sympathetic, and the looji between the first and
second cervical nerves.

The branches of the pneumogastric are —

In the jugular fossa . . . Auricular.

{Pharyngeal.

Superior laryngeal.

Recurrent laryngeal.

Cervical cardiac.

(Thoracic cardiac.

Anterior pulmonary.

Posterior pulmonary.

CEsophageal.

In the abdomen . . . Gastric.

The auricular hranch (Arnold's) arises from the g'angiion of the root, and is

joined soon after its origin by a filament from the glosso-pharyngeal ; it crosses

the jugular fossa to an opening near the root of the styloid process. Traversing

the substance of the temporal bone, it crosses the aqureductus Fallopii about two
lines above its termination at the stylo-mastoid foramen ; it here gives ofi" an
ascending branch, which joins the facial, and a descending branch which anasto-

moses with the posterior auricular branch of the same nerve : the continuation of

the nerve reaches the surface between the mastoid process and the external audi-

tory meatus, supplies the integument at the back part of the pinna, and communi-
cates with the branches of the auricularis magnus.

The pharyngeal branch, the principal motor nerve of the pharynx and soft

palate, arises from the upper part of the inferior ganglion of the pneumogastric,

receiving a filament 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, where it divides into numerous filaments, which anastomose

with those from the glosso-pharyngeal, superior laryngeal, and sympathetic, to

form the pharyngeal plexus, from which branches are distributed to the muscles

and mucous membrane of the pharynx. As this nerve crosses the internal carotid,

some filaments are distributed, together with those from the glosso-pharyngeal,

upon the wall of this vessel.

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 pneumo-
gastric. It descends, by the side of the pharynx, 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, beneath the Sterno-thyroid, to supply the Crico-thyroid muscle and the

thyroid gland. It gives 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 mem-
brane, through which it passes with the superior laryngeal arteiy, and is dis-

tributed to the mucous membrane of the larynx, and the Arytenoid muscle,

anastomosing with the recurrent laryngeal.

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
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backwards, in the aryteno-epiglottidean fold, to supply the mucous membrane sur-

rounding the superior orifice of the larynx, as well as the membrane which lines

the cavity of the larynx as low down as the vocal cord.

The filament to the Arytenoid muscle is distributed partly to it, and partly to

the mucous lining of the larynx.

The filament which joins with the recurrent laryngeal, descends beneath the

mucous membrane on the posterior surface of the larynx, behind the lateral part

of the thyroid cartilage, where the two nerves become united.

The inferior or recurrent laryngeal, so called from its reflected course, is the

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 obliterated 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, and joining with the superior laryngeal.

The recurrent laryngeal, as it winds round the subclavian artery and aorta,

gives ofi" several cardiac filaments, which unite with the cardiac branches from the

pneumogastrio and sympathetic. As it ascends in the neck, it gives off oesophageal

branches, more numerous on the 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

filaments to the Inferior constrictor of the pharynx.

The cervieal cardiac iranches, two or three in number, arise from the pneumo-
gastrio, at the upper and lower part of the neck.

The superior branches are small, and communicate with the cardiac branches of

the sympathetic, and with the great cardiac plexus.

The inferior cardiac branches, one on each side, arise at the lower part of the

neck, just above the first rib. On the right side, this branch passes in front of the

arteria innominata, and anastomoses with the superior cardiac nerve. On the

leftside, it passes in front of the arch of the aorta, and anastomoses either with

the superior cardiac nerve, or with the cardiac plexus.

The thoracic cardiac hranches, on the right side, arise from the trunk of the
pneumogastric, as it lies by the side of the trachea : passing inwards, they terminate

in the deep cardiac plexus. On the left side they arise from the left recurrent

laryngeal nerve.

The anterior pulmonary hranches, two or three in number, and of small size, are

distributed on the anterior aspect of the root of the lungs. They join with fila-

ments from the sympathetic, and form the anterior pulmonary plexus.

The posterior pulmonary hranches, 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 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 oisophageal hranches are given off from the pneumogastric both above and
below the pulmonary branches. The lower ate more numerous and larger than

the upper. They form, together with branches from the opposite nerve, the

oesophageal plexus.

The gastric hranches 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.
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They unite with branches of the right neiTe and sympathetic, some filaments

j)assing through the lesser omentum to the left hepatic plexus.

For the following brief account of the most recent views relating to the origin

of the cranial nerves, the editor is indebted to his friend Dr. Lockhart Clarke.

The third cerebral nerve arises chiefly from two large masses of grey substance

at the floor of the iter e tertio ad quartum ventriculum beneath the corpora

quadrigemina.

The fourth arises from two nuclei at the floor of the iter e tertio ad quartum
ventriculum, and from the valve of Vieussens, where the opposite nerves decussate

with each other.

The large root of the fifth or trigeminal arises chiefly from the grey tubercles of

Rolando, or the upper expanded extremities of the posterior grey horns of the

spinal cord ; the small or motor root arises from two masses of large multipolar

cells situated each on the inner side, and close to the grey tubercle, and intimately

connected with it.

The sixth nerve arises in common with the facial from the grey substance of the

fasciculus teres on the floor of the fourth ventricle.

The/aciaZ nerve has two origins :— i. From the grey substance oi^e fasciculus

teres on the floor of the fourth ventricle. 2. From the nucleus of the motor root of

the trigeminus ; between these two origins it forms a loop along the floor of the

ventricle.

The Auditory nerve has three origins :— i. From the superior vermiform process

of the cerebellum. 2 and 3. From the inner and outer auditory nuclei formed

chiefly by the grey substance of the posterior pyramid and restiform body.

The vagus and glosso-pharyngeal nerves have each two origins : i . From a

special nucleus in the floor of the fourth ventricle. 2. From the anterior or motor

part of the medulla.

The Spinal-Accessory nerve has three origins : i . The lower roots from the

anterior grey horn of the spinal cord in common with the motor roots of the

cervical nerves. 2. From the grey nucleus of the hypoglossal nerve. 3. From a

special nucleus behind the central canal of the medulla oblongata.

For further information on the origin of these nerves, and on the connection between their

several nuclei, see Dr. Lockhart Clarke's memoir ' On the Intimate Structure of the Brain,'

1st and 2nd Ser. PhD. Trans. 1858 and 1868.

For fuller detail concerning the Cranial Nerves, the student may refer to F. Arnold's
' Icones Nervorum Capitis,' and to the other authors referred to on page 499.



The Spinal Nerves.

THE spinal nerves are go called, because they take their origin from the spinal

cord, and are transmitted through the intervertebral foramina on either side

of the spinal column. There are thirty-one pairs of spinal nerves, which are

arranged into the following groups, corresponding to the region of the spine

through which they pass :

—

Cervical . '. . . .8 pairs.

Dorsal 12 ,,

Lumbar 5 »
Sacral 5 d
Coccygeal i ,,

It will be observed, that each group of nerves corresponds in number with the

vertebrse in that region, escept the cervical and coccygeal.

Each spinal nerve arises by two roots, an anterior, or motor root, and a posterior,

or sensory root.

Roots of the Spiral Neeves.

The anterior roots arise somewhat irregularly from a linear series of foramina,

on the antero-lateral column of the spinal cord, gradually approaching towards

the anterior median fissure as they descend.

The fibres of the anterior roots, according to the researches of Dr. Lockhart

Clarke, are attached to the anterior part of the antero-lateral column ; and, after

penetrating horizontally through the longitudinal fibres of this tract, enter the

grey substance, where their fibrils cross each other and diverge in all directions,

like the expanded hairs of a brush, some of them running more or less longi-

tudinally upwards and downwards, and others decussating with those of the

opposite side through the anterior commissure in front of the central canal.

KoUiker states that many fibres of the anterior root enter the lateral column of

the same side, where, turning upwards, they pursue their course as longitudinal

fibres. In other respects, the description of the origin of the anterior roots by

these observers is very similar.

The posterior roots are all attached immediately to the posterior white columns

only ; but some of them pass through the grey substance into both the lateral and

anterior white columns. Within the grey substance, they run, longitudinally,

upwards and downwards, transversely, through the posterior commissure to the

opposite side, and into the anterior column of their own side.

The posterior roots of the nerves are larger, but the individual filaments are

finer and more delicate than those of the antei'ior. As their component fibrils

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

characters. It is smaller than the anterior, has frequently no ganglion developed

upon it, and, when the ganglion exists, it is often situated within the dura mater.

The anterior roots are the smaller of the two, devoid of any ganglionic enlarge-

ment, and their component fibrils are collected into two bundles, near the inter-

vertebral foramina.
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Ganglia of the Spinal Nerves.

A ganglion is developed upon the posterior root of eacii of the spinal nerves.

These ganglia are of an oval form, and of a reddish colour ; they bear a proportion

in size to the nerves upon vphich they are formed, and are placed in the inter-

vertebral foramina, external to the point where the nerves perforate the dnra
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 ganglia upon the first and second cervical nerves form an exception to these

characters, being placed on the arches of the vertebras 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 posterior root.

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 an anterior branqh, for the supply of the anterior part of the body ; and
a posterior branch for the posterior part, each branch containing fibres from both
roots.

Anteeior Branches oe the Spinal Nerves.

The anterior hranches of the spinal nerves supply the parts of the body in front

of the spine, including the limbs. They are for the most part larger than the

posterior branches ; this increase of size being proportioned to the larger extent of

structures they are required to supply. Each branch is connected by slender

filaments with the sympathetic. In the dorsal region, the anterior branches 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.

Posteeiok Branches of the Spinal Nerves.

The ^posterior hranches of the spinal nerves are generally smaller than the anterior :

they arise from the trunk, resulting from the union of the roots, in the interverte-

bral foramina; and, passing backwards, divide into external and internal branches,

which are distributed to the muscles and integument behind the spine. The first

cervical and lower sacral nerves are exceptions to these characters.

Cervical Nerves.

The roots of the cervical nerves increase in size from the fii'st to the fifth, and

then maintain the same size to the eighth. The posterior roots bear a proportion

to the anterior as 3 to i, which is much greater than in any other region, the

individual filaments being also much larger than those of the anterior roots. In

direction, the roots of the cervical are less oblique than those of the other spinal

nerves. The first cervical nerve is directed a little upwards and outwards ; the

second is horizontal ; the others are directed obUquely 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 trunh of the first cervical nerve {suboccipital) 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 vertebras.

Each nerve, at its exit from the intervertebral foramen, divides into an anterior

and a posterior branch. The anterior branches of the four upper cervical nerves

form the cervical plexus. The anterior branches of the four lower cervical nerves,

together with the first dorsal, form the brachial plexus.
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Anteriok Branches of the Cekvical Neeves.

The anterior hranch of the first, or suboccipital nerve, is of small size. It

escapes from the spinal canal, tlarough a groove upon tlie posterior arch of the

atlas. In this groove it lies beneath the vertebral artery, to the inner side of the

Rectus 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 commiinicate with an ascending branch from the second cervical

nerve.

Communicating filaments from this nerve join the pneumogastric, the hypo-

glossal and sympathetic, and some branches are distributed to the Rectus lateralis,

and the two Anterior recti. According to Valentin, the anterior branch of the

suboccipital also distributes filaments to the occipito-atloid articulation, and mastoid

process of the temporal bone.

The anterior hranch of the second cervical nerve escapes from the spinal canal,

between the postei-ior 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 Inter-

transverse muscle, into an ascending branch, which joins the first cervical ; and

two descending branches which join the third.

The anterior hranch of the third cervical nerve is double the size of the preceding.

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, communicates with the sympa-
thetic and spinal accessory nerves, and subdivides into the superficial cervical and
great auricular nerves. The descending branch passes down in front of the Scalenus

anticus, anastomoses with the fourth cervical nerve, and becomes continuous with

the clavicular nerves.

The anterior hranch of the fourth cervical is of the same size as the preceding.

It receives a branch from the third, sends a communicating branch to the fifth

cervical, and passing downwards and outwards, divides into numerous filaments,

which cross the posterior triangle of the neck, towards the clavicle and acromion.

It usually gives a branch to the phrenic nerve, whilst it is contained in the inter-

transverse space.

The anterior branches of the fifth, sixth, seventh, and eighth cervical nerves

are remarkable for their large size. They are much larger than the preceding'

nerves, and are all of equal size. They assist in the formation of the brachial

plexus.

Cervical Plexus.

The cervical plexus (fig. 281) is formed by the anterior branches of the four

upper cervical nerves. It is situated opposite the four upper vertebrte, resting

upon the Levator anguli scapulas, and Scalenus medius muscles, and covered in by

the Sterno-mastoid.

Its branches may be divided into two groups, superficial and deep, which may
be thus arranged :

—

f Suix;i'ficialis colli.

Ascending / Auricularis magnus.

Superficial I ^ Occipitalis minor.
'

_

f Sternal.
Descending. Supra-clavicular i Clavicular.

omial.

{Communicating.
Muscular.

Communicans noni.

Phrenic.

-ci . 1 f Communicating.
External |

jj^^^^^^j^^.,

MM

lAcr
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Superficial Branches of the Cervical Plexus.

The Superficialis GolU arises from the second and third cervical nerves, turns

round the posterior border of the Sterno-mastoid aboat 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 Platj'sma into

two branches, which are distributed to the anterior and 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

nerve beneath the Platysma ; others pierce that muscle, supply it, and are distri-

buted to the integument of the upper half of the neck, at its fore j)art, as high

as the chin.

The descending hranali pierces the Platysma, and is distributed to the integument

of the side and front of the neck, as low as the sternum.

This nerve is occasionally represented by two or more filaments.

The Auriciilaris Magnus is the largest of the ascending branches. It arises

from the second and third cervical nerves, winds 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 numerous branches.

The facial brandies pass across the parotid, and are distributed to the integu-

ment of the face ; others penetrate the substance of the gland, and communicate
with the facial nerve.

'

The loosterior or auricular branches ascend vertically to supply the integument
of the back part of the pinna, communicating with the auricular branches of the

facial and pneumogastric nerves.

The mastoid branch joins the jDOsterior auricular branch of the facial, and crossing

the mastoid process, is distributed to the integument behind the ear.

The Occipitalis Minor arises from the second cervical nerve ; it curves round

the posterior border of the Sterno-mastoid above the preceding, and ascends verti-

cally along the posterior border of that 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 Oecipito-

frontalis muscle, and conrmunicating with the occipitalis major, auricularis magnus,

and posterior auricular branch of the facial.

- This nerve gives off an auricular branch, which supplies the Attollens aurem

and the integument of the upper and back part of the auricle. This branch is

occasionally derived from the great occipital nerve. The occipitalis minor varies

in size ; it is occasionally double.

The Descending or supra- clavicular branches arise from the third and fourth

cervical nerves ; emerging beneath the posterior border of the Sterno-mastoid, they

descend in the interval between that muscle and the Trapezius, and divide into

branches, which are arranged, according to their position, into three groups.

The inner or sternal branch crosses obliquely over the clavicular and sternal

attachments of the Sterno-mastoid, and supplies the integument as far as the

median line.

The middle or clavicular brancli. crosses the clavicle, and supplies the integu-

ment over the Pectoral and Deltoid muscles, communicating with the cutaneous

branches of the upper intercostal nerves. Not unfrequently, the clavicular branch

passes through a foramen in the clavicle, at the junction of the outer with the

middle third of the bone.

The external or acromial branch passes obliquely across the outer surface of the

Trapezius and the acromion, and supplies the integument of the upper and back

part of'the shoulder.

Deep Branches of thu Cervical Plexus. Internal Series.

The communicating branches consist of several filaments, which pass from the

loop between the first and second cervical nerves in front of the atlas to the

pneumogastric, hypoglossal, sympathetic, and fifth cervical.
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Muscular branches supply the Anterior recti and Rectus lateralis muscles ; they

proceed from the first cervical nerve, and from the loop formed between it and the
second.

The Communicans Noni (fig. 281) consists usually of two filaments, one being

derived from the second, and the other from the third cervical. Those filaments

pass vertically 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 noni in front of the sheath of the carotid vessels. Occasionally, the

junction of these nerves takes place within the sheath.

The Phrenic Nerve {internal respiratorij of Bell) arises from the third and fourth

cervical nerves, and receives a communicating branch from the fifth. It descends

to the root of the neck, lying obliquely across the front of the Scalenus anticus,

passes over the first part of the subclavian artery, between it and the subclavian

vein, and, as it enters the chest, crosses the internal mammary artery near its root.

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 surface.

The two phrenic nerves differ in their length, and also in their relations at the

upper part of the thorax.

The 7-ight nerve is situated more deeply, and is shorter and more vertical in

direction than the left ; it lies on the outer side of the right vena innominata and
superior vena cava.

The left nerve is rather longer than the right, from the inclination of the heart

to the left side, and from the Diaphragm being lower on this than on the opposite

side. At the upper part of the thorax, it crosses in front of the arch of the aorta

to the root of the lung.

Each nerve supplies filaments to the pericardium and pleura, and near the chest

is joined by a filament from the sympathetic, by another derived by the fifth and

sixth cervical nerves, and occasionally, by one from the union of the descendens

noni with the spinal nerves : this filament is found, according to Swan, only on

the left side. It is also usually connected by a filament with the nerve to the sub-

clavius muscle.

Fi'om the 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, but without any

ganglionic enlargement.

Deep Branches op the Cekvical Plexds. External Series.

Gommunicating branches. The cervical plexus communicates with the spinal

accessory nerve, in the substance of the Sterno-mastoid muscle, in the occipital

triangle, and beneath the Trapezius.

Miisctdar branches are distributed to the Sterno-mastoid, Levator anguli scapulte.

Scalenus medius and Trapezius.

The branch, for the Sterno-mastoid is derived from the second cervical, the

Levator anguli scapulse receiving branches from the third, and the Trapezius

branches from the third and fourth.

Posterior Branches of the Cervical Nerves.

The posterior branches of the cervical nerves, with the exception of those of the

first two, pass backwards, and divide, behind the posterior Intertransverse muscles,

into external and internal branches.

The external branches supply the muscles at the side of the neck, viz., the

Cervicalis ascendens, Transversalis colli, and Trachelo-mastoid.

The external branch of the second cervical nerve is the largest ; it is often joined

with the third, and supplies the Complexus, Splenius, and Trachelo-mastoid muscles.

The internal branches, the larger, are distributed differently in the upper and
M M 2
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lower part of the neck. Those derived from the third, fourth, and fifth nerves

pass between the Semispinahs' and Complexus 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, which they supply, and do not furnish a.ny cutaneous tilaments.

These internal branches supply the Complesus, Semispinalis colli, Interspinales,

and Multifidus spina;.

The posterior branches of the first three cervical nerves require a separate

description.

The posterior hranah of the first cervical nerve (suboccipital) is larger than the

anterior, 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

triangular space formed by the Rectus posticus major, the Obliquus superior, and
Obliquus inferior, and supplies the Recti and Obliqui muscles, and the Complexus.

From the branch which supplies the Inferior oblique a filament is given off, which

joins the second cervical nerve. This nerve also occasionally gives off a cutaneous

filament, which accompanies the occipital artery, and communicates with the

occipitalis major and minor nerves.

The posterior division of the first cervical has no branch analogous to the

external branch of the posterior cervical nerves.

Tho piosterior branch of the second cervical nerve is three or four times greater

than the anterior branch, and the largest of all the posterior cervical nerves. It

emerges from the spinal canal between the ]Dosterior arch of the atlas and lamina

of the axis, below the Inferior oblique. It supplies this muscle, and receives a com-
municating filament from the first cervical. It then divides into an external and

an internal branch.

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 third cervical nerve, and ascending on the back

part of the head with the occipital artery, divides into two bi'anches, 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 Complexus.

The posterior branch of the. third cervical is smaller than the preceding, but

larger than the fourth ; it differs from the posterior branches of the other cervical

nerves in its supplying an additional filament to the integument of the occiput.

This occipital branch arises from the internal or cutaneous branch beneath the

Trapezius ; it 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.

The internal branches of the posterior divisions of the first three cervical nerves

are occasionally joined beneath the Complexus by communicating branches. This

communication is described by Cruveilhier as the posterior cervical plexus.

The Beachial Plexus. (Fig. 287.)

The brachial plexus is formed by the union of the anterior branches of the four

lower cervical and first dorsal nerves, ^t 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, 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 communi-

cation is the following. The fifth and sixth nerves unite near their exit from the

spine into a common trunk ; the seventh nerve joins this trunk near the outer

border of the ]^Iiddle scalenus ; and the three nerves thus form one large single

cord. The eighth cervical and first dorsal nerves unite behind the Anterior
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/.^ \ .i^ ttsrtciiiiis from

Rcalenns into a common trnnk. Thus two large trunks are formed, the upper one

by the union of the fifth, sixth, and seventh cervical ; and the lower one by the

eighth cervical and first dorsal. These two trunks accompany the subclavian

artery to the axilla, lying upon its outer side, the trnnk formed by the tmion of the

last cervical and first dorsal

2S7.— Plan of the Brachial Plexus. being nearest to the vessel.

Opposite the clavicle, and
sometimes in the axilla,

each ofthese cords gives off

a fasciculus, by the union

of which a third trunk is

formed, so that in the

middle of the axilla three

cords are found, one lying

on the outer side of the

axillary artery, one on its

inner side, and one be-

hind."* The brachial plexus

communicates with the

cervical plexus by a branch

from the fourth to the fifth

nerve, and with the phrenic

nerve by a bi-anch from
the fifth cervical, which
joins that nerve on the

Anterior scalenus muscle :

the cervical and first dor-

sal nerves are also joined

by filaments from the mid-

dle and inferior cervical

ganglia of the sympathetic,

close to their exit from the

intervertebral foramina.

Relations. In the neeh, the brachial plexus lies at first between the Anterior

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 upon the outer

side of that vessel, one on the inner side, and one behind it ; and at the lower part

of the axillary space gives ofi^ its terminal branches to the upper extremity.

Branches. The branches of the brachial plexus are arranged into two groups,

viz., those given off above the clavicle, and those below that bone.

Bkanches above the Clavicle.

Communicating. Postez'ior thoracic.

Muscular. Suprascapular.

* Thia is tlie most common mode of foimation of the plexus ; hut it is also very common
for the third, or posterior, cord to be formed by the seventh cervicaliierve, running undivided,

and receiving; a branch from each of the other cords, or the seventh nerve may bifurcate, one
branch of bifurcation joining each of the other cords. From these two cords the third trunk

is formed, as described in the text. Mr. R. C. Lucas describes an arrangement diiJering

slightly from that last mentioned, and which he regards as the common one, having met with,

it in 27 out of 30 dissections. The seventh nerve bifurcates, and so does the united cord of

the fifth and sixth nerves. One of the branches of bifm-cation of the seventh nerve, along

with that of the united fifth and sixth nerves, forms the external cord of the plexus. The
other branch of bifurcation of the united fifth and sixth along with that of the seventh nerve

forms a large cord, which receives a small branch from the united eighth cervical and first

dorsal to form the posterior cord. The lest of the united eighth cervical and first dorsal

nerves is continued as the internal cord. (See Mr. Lucas"s paper and drawing in the Guy's
Hospital Reports, 1875.) Henle's description is substantially the same.
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The communicating branch with the phrenic is derived from the fifth cervical

nerve ; it joins the phrenic on the Anterior scalenus muscle.

The muscular branches supply the Longus colli, Scaleni, Rhomboidei, and

Subclavius muscles. Those for the Scaleni and Longus colli arise from the lower

cervical nerves at their exit from the intervertebral foramina. The rhomboid

branch ai'ises from the fifth cervical, pierces the Scalenus medius, and passes

beneath the Levator anguli scapnlse, which it occasionally supplies, to the Rhom-
boid muscles. The nerve to the Subclavius is a small filament, which arises from

the trunk formed by the junction of the fifth and sixth cervical nerves ; 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.

290), supplies the Serratus magnus, and is remarkable for the length of its course.

It arises by two roots, from the fifth and sixth cervical nerves, immediately after

their exit from the intervertebral foramina. These unite in the substance 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 surface of the

Serratus magnus. It extends along the side of the chest to the lower border of

that muscle, and supplies it with numerous filaments.

The sujjrascapular nerve (fig. 291) arises from the cord formed by the fifth,

sixth, and seventh cervical nerves
;
passing obliquely outwards beneath the Tra-

pezius, it enters the supraspinous fossa, through the notch in the upper border of

the scapula ; and, passing beneath the Supraspinatns muscle, curves in front of

the spine of the scapula to the infraspiuous fossa. In the supraspinous fossa, it

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.

Beanches below the Clavicle.

To chest .... Anterior thoracic.

To shoulder. . . .

/Subscapular.

L Cn'cumiiex.

/Musculo-cutaneous.

Internal cutaneous.

) Lesser internal cutaneous,

j
Median.

Ulnar.

^Musculo-spiral.

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, arises the external of the two anterior thoracic nerves, the

musculo-cutaneous nerve, and the outer head of the median.

From the inner cord, arises the internal of the two anterior thoracic nerves, the

internal cutaneous, the lesser internal cutaneous (nerve of Wrisberg), the ulnar

and inner head of the median.

From the posterior cord, arise the three subscapular nerves ; and the cord then

divides into the musculo-spiral and circumflex nerves.

The Anteeioe Thoracic Neetes (fig. 290), two in number, supply the Pectoral

muscles.

The external, or superficial branch, the' larger of the two, arises from the outer

cord of the brachial plexus, passes inwards, across the axillary artery and vein,

and is distributed to the under surface of the Pectoralis major. It sendg down a

communicating filament to join the internal branch.

The internal, or deep branch, arises from the inner cord, and passes upwards
between the axillary artery and vein (sometimes perforates the vein), and joins

with the filament from the superficial branch. From the loop thus formed, branches

are distributed to the under surface of the Pectoralis minor and major mnscles.

To arm, fore-arm, and hand
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—Cutaneous Nerves of Eight Upper
Extremity. Anterior View.

The Subscapular Nerves, three in number, supply the Subscapularis, Teres
major, and Latissimus dorsi muscles.

The upper suhscaptdar nerve, the smallest, enters the upper part of the Sub-
scapularis muscle.

The loioer subscapular nerve enters

the axillary border of the Subscapularis,

and terminates in the Teres major. The
latter muscle is sometimes supplied by a

separate branch.

The long stibscapiular, the largest of

the three, descends along the lower border

of the Subscapularis to the Latissimus

dorsi, through which it may be traced as

far as its lower border.

The Circumflex Nerve (fig. 291) sup-

plies some of the muscles, and the inte-

gument of the shoulder, and the shoolder-

joint. It arises from the posterior cord

of the brachial plexus, in common with

the musculo-spiral nerve. It passes down
behind the axillary artery, and in front

of the Subscapularis ; and, at the lower

border of that muscle, passes backwards,
and divides into two branches.

The upper branch winds round the

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 it to ramify in the

integument covering its lower part.

The lower branch, at its origin, dis-

tributes filaments to the Teres minor and
back part of the Deltoid muscles. Upon
the filament to the former muscle a

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 divi-

sion, gives off an articular filament, which

enters the shoulder-joint below the Sub-

scapularis.

The MuSCULO-CUTANEOUS NeRVE (fig.

290) (external cutaneous, perforans Gas-

serii), supplies some of the muscles of the

arm, and the integument of the fore-arm.

It arises from the outer cord of the

brachial plexus, opposite the lower border

ofthe Pectoralis minor. It then perforates the Coraco-brachialis muscle, and passes

obliquely between the Biceps and Brachialis anticus, to the outer side of the arm,

a little above the elbow, where it perforates the deep fascia and becomes cutaneous.

This nerve, in its course through the arm, supplies the Coraco-brachialis, Biceps,

and Brachialis anticus muscles, besides sending some filaments to the elbow-joint

and humerus.
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289.—Cutaneous Nerves of Right Upper
Extremity. Posterior View.

The cutaneous portion ofthe nerve passes behind tlie median cephalic vein, and

divides opposite the elbow-joint, into an anterior and a posterior branch.

The anterior branch descends along the radial border of the fore-arm to the

wrist. It is here placed in front of the radial artery, and, piercing the deep

fascia, accompanies that vessel to the back of the wrist. It communicates with a

branch from the radial nerve, and the

palmar cutaneous branch of the median,

and distributes filaments to the integu-

ment of the ball of the thumb.

The posterior branch is given off about

the middle of the fore-arm, and passes

downwards, along the back part of its

radial side to the wrist. It supplies the

integument of the lower third of the

fore-arm, communicating with the radial

nerve, and the external cutaneous branch

of the musculo-spiral.

The Internal Cdtaneous Nebve (fig.

290) 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 brachial artery. 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.

This nerve gives off, near the axilla,

a cutaneous filament, which pierces the

fascia, and supplies the integument cover-

ing the Biceps muscle, nearly as far as

the elbow. This filament lies a little ex-

ternal to the common trunk, from which
it arises.

The anterior branch, the larger of the

two, passes usually in front of, but occa-

sionally behind, the median basilic vein.

It then descends on the anterior surface

of the ulnar side of the fore-arm, distri-

buting 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 basilic

vein, winds over the internal condyle of

the humerus to the back of the fore-arm,

and descends, on the posterior surface of

its ulnar side, to a little below the middle,

distributing filaments to the integument.

It anastomoses above the elbow, with

the lesser internal cutaneous, and above

the wrist, "nith the dor.sal branch of the

ulnar nerve (Swan).

The Lessee Internal OoTANEOUs Nerve
(nerve of Wrisberg) (fig. 290), is distributed to the integument on the inner side

of the arm. It is the smallest of the branches of the brachiat plexus, and usually
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arises from the inner cord, with the internal cutaneous and uhiar nerves. It passes

through the axillary space, at first lying behind, and then on the inner side of the

axillary vein, and communicates with the intercosto-humeral nerve. It then

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 integuments in front of the inner condyle, and others over the ole-

cranon. It communicates with the inner branch of the internal cutaneous nerve.

In some cases the nerve of Wrisberg and intercosto-hnmeral are connected

by two or three filaments, which form a plexus at the back part of the axilla.

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 tlie

brachial filexns, which represents the latter nerve. In other cases, this filament

is wanting, the place of the nerve of "Wrisberg being supplied entii-ely from the

intercosto- humeral.

The Median Nerve (fig. 290) has received its name from the course it takes

along the middle of the arm and fore-arm 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.

As it descends through the arm, it lies 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 lies 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 Brachialis anticus. In the fore-arm, it passes between the two heads of the

Pronator radii teres, and descends beneath the Plexor sublimis, to within two
inches above the annular ligament, where it becomes more superficial, Ij'ing be-

tween the Flexor sublimis and Plexor carpi radialis, beneath, or rather to the ulnar

side of the tendon of the Palmaris longus, covered by the integument and fascia.

It then passes beneath the annular ligament into the hand.

Braiiches. No branches are given offfrom the median nerve in the arm. In the

fore-arm its branches are, muscular, anterior interosseous, and palmar cutaneous.

The muscular tranches supply all the superficial muscles on the front of the

fore-arm, 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 interussious supplies the deep muscles on the front of the fore-

arm, except the Flexor carpi ulnaris and inner half of the Flexor profundus

digitorum. It accompanies the anterior interosseous artery along the interosseous

membrane, in the interval between the Flexor longus pollicis 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

of the fore-arm. It pierces the fascia above the annular ligament, and divides

into two branches : of which the outer supplies the skin over the ball of the

thumb, and communicates with the external cutaneous nerve ; and the inner sup-

plies the integument of the palm of the hand, anastomosing with the cutaneous

branch of the ulnar. Both nerves cross the annular ligament previous to their

distribution.

hi the palm of the hand, the median nerve is covered by the integument and
palmar fascia, and 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 branch supplying digital branches to the contiguous sides of the index and
middle, and of the middle and ring fingers.

The branch to the muscles of the thumb is a short nerve, which subdivides to
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290.—Nerves of tlie Left Upper Extremity.
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sup[ily the Abductor, Opponens, and oiiter head of the Flexor brevis pollicis

muscles ; the remaining muscles of this group being supplied by the ulnar nerve.

The digital hrancltes are five in number. The first and second pass along
the borders of the thumb, the externa! branch communicating with branches of

the radial nerve. The third passes along the radial side of the index finger, and
supplies the first Lumbricalis muscle. The/oM)'i/i subdivides to supply the adjacent

sides of the index and middle fingers, and sends a branch to the second Lumbricalis

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, and runs along the side of the

dorsum of the fingei-, ending 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 ramifies round
and beneath the naiL The digital nerves, as they run along the fingers, are placed

superficial to the digital arteries.

The Ulnar Nerve (fig. 290) is placed along the inner or ulnar side of the upper
limb, and is distributed to the muscles and integument of the fore-arm and hand. It

is smaller than the median, behind which it is placed, diverging from it in its

course down the arna. 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 commencement, it lies at the inner side of the axillary artery, and holds

the same relation with the brachial artery to the middle of the arm. Prom this

point it runs obliquel}' acrocs the internal head of the Triceps, pierces the internal

intermuscular septum, and descends to the groove between the internal condyle

and olecranon, accompanied by the inferior profunda artery. At the elbow, it

rests upon the back of the inner condyle, and passes into the fore-arm between

the two heads of the Flexor carpi ulnaris. In the fore-arm, 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 wrist, the ulnar nerve crosses the annular ligament ou the outer side

of the pisiform bone, 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 :

—

/ Articular (elbow).

Muscular.

In fore-arm - Cutaneous.
Ii bn d / Superficial palmar.

Dorsal cutaneous. [ Deep palmar.

Articular (wrist).

The articular iranches distributed to the elbow-joint consist of several small

filaments. 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

ulnai'is, the other, the inner half of the Flexor profundus digitorum. They arise

from the trunk of the nerve near the elbow.

The cutaneous branch arises from the ulnar nerve about the middle of the

fore-arm, and divides into a superficial and deep branch.

The superficial 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 deej) branch lies on the ulnar artery, which it accompanies to the hand,

some filaments entwining round the vessel, which end in the integument of the

palm, communicating with branches of the median nerve.
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The dorsal cutaneous branch arises about two inches above the wrist ; it jjasses

backwards beneath the Plexor carpi ulnaris, perforates the deep fascia, and

running along the nlnar side' of the wrist and hand, supplies. the inner side of the

little finger, and the adjoining sides of the little and ring fingers ; it also sends a

communicatino- filament to that branch of the radial nerve which supplies the

adjoining sides of the middle and ring fingers.

The articular filaments to the wrist are also supplied by the ulnar nerve.

The superficial palmar branch supplies the Palmaris brevis, and the integument

on the inner side of the

hand, and terminatesm two

digital branches, which are

distributed, one to the ul-

nar side of the little finger,

the other to the adjoining

sides of the little and ring

fingers, the latter com-

municating with a branch

from the median.

The deeppalmar branch

passes between the Ab-

ductor and Flexor brevis

minimi digiti muscles, and

follows the course of the

deeiJ palmar arch beneath

the flexor tendons. At
its origin, it supplies the

muscles of the little finger.

As it presses the deep part

of the hand, it sends two

branches to each interos-

seous space, one for the

Dorsal and one for the

Palmar interosseous mus-

cle, the branches to the

second and third Palmar

interossei supplying fila-

ments to the two inner

Lumbricales muscles. At
its termination between the

thumb and index finger, it

supplies the Adductor pol-

licis and the inner head of

the Flexor brevis pollicis.

The Musculo-Spieal
Nerve (fig. 291), the larg-

est branch of the brachial

plexus, supplies the mus-

cles of the back part of the

arm and fore-arm, and the

integument of the same
parts, as well as that of

the hand. It arises from
the posterior cord of the

brachial plexus by a com-

mon trunk with the cir-

cumflex nerve. At its

commencement it is placed

291. -The Suprascapular, Circumflex, and Musculo-Spiral
Nerves.
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behind the axillary and upper part of the brachial arteries, passing down in front

of the tendons of the Latissimus dorsi and Teres major. It winds round the

humerus in the spiral groove with the superior profunda artery, passing from the

inner to the outer side of the bone, beneath the Triceps muscle. At the outer side

of the arm, it descends between the Brachialis auticus and Supinator longus to the

front of the external condyle, where it divides into the radial and posterior inter-

osseous nerves.

The branches of the muscnlo-spiral nerve are :
—

Muscular. Radial.

Cutaneous. Posterior interosseous.

The inuscular 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 muscu.lar branches supply 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.

The posterior muscular branch, 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 in the same course with the posterior articular branch

from the superior profunda artery.

The external muscular branches supply the Supinator longus, Extensor carpi

radialis longior, and, usually, the Brachialis anticus.

The cutaneous branches are three in number, one internal and two external.

The internal cutaneous branch arises in the axillary space, with the inner

muscular branch. It is of small size, and passes through the axilla to the inner

side of the arm, supplying the integument on its posterior aspect nearly as far as

the olecranon.

The two external cutaneous branches perforate the outer head of the Triceps,

at its attachment to the humerus. The upper and smaller one follows the course

of the cephalic vein to the front of the elbow, supplying the integument of the

lower half of the upper 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 along the back part of the radial side of the

fore-arm to the wrist, supplying the integument in its course, and joining, near its

termination, with a branch of the external cutaneous nerve.

The radial nerve passes along the front of the radial side of the fore-arm, to

the commencement of its lower third. It lies at first a little to the outer side of

the radial artery, concealed beneath the Supinator longus. In the middle third

of the fore-arm, it lies beneath the same muscle, in close relation with the outer

side of the artery. It quits the artery about three inches above the wrist, passes

beneath the tendon of the Supinator longus, and, piercing the deep fascia at the

outer border of the fore-arm, divides into two branches.

The external branch, the smaller of the two, supplies the integument of the

radial side and ball of the thumb, joining with the posterior branch of the external

cutaneous nerve.

The internal branch communicates, above the wrist, with a branch from the

external cutaneous, and, on the back of the hand, forms an arch with the dorsal

branch of the ulnar nerve. It then divides into four digital nerves, which are

distributed as follows : the first supplies the ulnar side of the thumb ; the second,

the radial side of the index finger ; the third, the adjoining sides of the index and
middle fingers ; and the fourth, 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 pierces the Supinator brevis, winds to the back of
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the fore-arm, in tlie substance of that muscle, and, emerging from its lower border,

passes down between the superficial and deep layer of muscles, to the middle of
• the fore-arm. Considerably ' diminished in size, it descends on the interosseous

membrane, beneath the Extensor secundi internodii poUicis, to the back of the

carpus, where it presents a gangliform enlargement from which filaments are dis-

tributed 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.

Dorsal Nerves.

The dorsal nerves are twelve in number on each side. The first appears between
the first and second dorsal vertebrse, and the last between the last dorsal and first

lumbar.

The roots of origin of the dorsal nerves are few in number, of small size, and
vary but slightly from the second to the last. Both roots are very slender ; the

posterior roots only slightly exceeding the anterior in thickness. These roots

gradually increase in length from above downwards, and remain in contact with
the spinal cord for a distance equal to the height of, at least, two vertebras, in the

lower part of the dorsal region. They then join in the intervertebral foramen,

and, at their exit, divide into two branches, a posterior ('dorsal), and an anterior

(intercostal), branch.

The first and last dorsal nerves are peculiar in several respects (see next page).

The posterior branches of the dorsal nerves, which lire smaller than the intercostal,

pass backwards between the transverse processes, and divide into external and
internal branches.

The external branches increase in size from above downwards. They pass

through the Longissimus dorsi, corresponding to the cellular interval between it

and the Sacro-lumbalis, 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 off cutaneous filaments.

The internal branches of the six upper nerves jjass inwards to the interval

between the Multifidus spinas, and Semispinalis dorsi muscles, which they supply
;

and then, piercing the origin of the Rhoraboidei and Trapezius, become cutaneous

by the side of the spinous processes. The internal branches of the six lower

nerves are distributed to the Multifidus spince, without giving off any cutaneous

filaments.

The attaneous branches'of the dorsal nerves are twelve in number, the sis upper

being derived from the internal branches, and the six lower from the external

branches. The former pierce the Rhomboid and Ti-apezius muscles, close to the

spinous processes, and ramify in the integument. They are frequently furnished

with gangliform enlargements. The six lower cutaneous branches pierce the

Serratns joosticus inferior, and Latissimus dorsi, in a line with the angles of

the ribs.

Intercostal Nerves.

The intercostal nerves (anterior branches of the dorsal nerves), are twelve in

number on each side. They are 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 is connected with

the adjoining- ganglia of the sympathetic by one or two filaments. The inter-

costal nerves may be divided into two sets, from the difierence they present in their

distribution. The six upper, with the exception of the first, are limited in their

distribution to the parietes of the chest. The six lower supply the parietes of the

chest and aVjdomen.
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Uppee Intercostal Nerves.,

The tipper intercostal nerves pass forwards in the intercostal spaces with the

intercostal vessels, being situated below them. At the back of the chest they

lie between the pleura and the External intercostal muscle, but are soon placed

between the two planes, of intercostal muscles as far as the costal cartilan-es,

where they lie between the pleura and the Internal intercostal muscles. Near
the sternum, they cross the internal mammary artery, and Triangularis sterni,

pierce the Internal intercostal and Pectoralis major muscles, and supply the

integument of the mamma and front of the chest, forming the anterior cutaneous

nerves of the thorax ; the branch from, the second nerve becoming joined with the

clavicular nerve.

Branches. Numerous slender muscular filaments supply the Intercostal and
Triangularis sterni muscles. Some of these branches, at the front of the chest,

cross the costal cartilages from one to another intercostal space.

Lateral cidaneous nerves. These are derived from the intercostal nerves, mid-

way between the vertebras and sternum ; they pierce the External intercostpJ and
Serratus magnus muscles, and divide into two branches, anterior and 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 digita-

tion.s of the External oblique.

The 230sterior branches are reflected backwards, to supply the integument over

the scapula and over the Latissimus dorsi.

The first intercostal nerve has no lateral cutaneous branch. The lateral cuta-

neous branch of the second intercostal nerve is of large size, and named, from its

origin and distribution, the mtercosto-humeral nerve (fig. 290). 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, com-
municating with the internal cutaneous branch of the niusoulo-spiral nerve. The
size of this nerve is in inverse proportion to the size of the other cutaneous nerves,

especially the nerve of Wrisberg. A second intercosto-humeral nerve is frequently

given off from the third intercostal. It supplies filaments to the arm-pit and inner

side of the arm.

LowEE Intercostal Nerves.

The lower intercostal nerves (excepting the last) have 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 Trans-

ver.salis muscles, to the sheath of the Rectus, which they perforate. They supply

the Rectus muscle, and terminate in branches which become subcutaneous near

the linea alba. These branches, which are named the anterior cutaneous nerves of

the abdomen, supply the integument of the front of the belly; they are directed

outwards as far as the lateral cutaneous nerves. The lower intercostal nerves

supply the Intercostal and Abdominal muscles, and, about the middle of their

course, give off lateral cutaneous branches, which pierce the External intercostal

and External oblique muscles, and are distributed to the integument of the abdo-

men, the anterior branches passing nearly as far forwards as the margin of the

Rectus ; the posterior branches passing to supply the skin over the Latissimus

dorsi, where they join the dorsal cutaneous nerves.

Peculiar Dorsal Nerves.

First dorsal nerve. Its roots of origin are similar to those of a cervical nerve.

Its posterior or dorsal branch resembles, in its mode of distribution, the dorsal

branches of the cervical nerves. Its anterior branch enters almost whollj' into

the formation of the brachial plexus, giving ofi', before it leaves the thorax, a small

intercostal branch, which runs along the first intercostal space, and terminates on
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the front of the chest, by forming the first anterior cutaneous nerve of the thoi'ax.

The first intercostal nerve gives off no lateral cutaneous branch.

The last dorsal is larger than the other dorsal nerves. Its anterior branch
runs along the lower border of the last rib in front of the Quadratus lumborum,
perforates the aponeurosis of the Transversalis, and passes forwards between it

and the Internal obliqne, to be distributed in the same manner as the preceding

nerves. It communicates with the ilio-hypogastric branch of the lumbar plexus,

and is occasionally connected with the first lumbar nerve by a slender branch,

the doi'si-lumbar nerve, which descends in the substance of the Quadratus
lumborum.

The lateral cutaneous hrancli of the last dorsal is remarkable for its large size
;

it perforates the Internal and External oblique muscles, jiasses downwards over

the crest of the ilium, and is distributed to the integument of the front of the hip,

some of its filaments extending as low down as the trochanter major.

Lumbar Neetrs.

The hcmbar nerves are five in number on each side ; the first appears between

the first and second lumbar vertebra3, 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

nerves. The roots of these nerves have a vertical direction, and are of consider-

able length, more especially the lower ones, since the spinal cord does not extend

beyond the first lumbar vertebra. The roots become joined in the intervertebral

foramina ; and the nerves, so formed, divide at their exit into two branches,

anterior and posterior.

The posterior branches of tlie lumbar nerves diminish in size from above down-

wards ; they pass backwards between the transverse processes, and divide into

external and internal branches.

The External branches siipply the Erector spinse and Intertransverse muscles.

From the three upper branches, cutaneous nerves are derived, which pierce the

Sacro-lumbalis and Latissimus dorsi muscles, 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 pas.sing as far as the trochanter major.

The internal branches, the smaller, pass inwards close to the articular processes

of the vertebrae, and supply the Multifidus spinas and Interspinales muscles.

The anterior branches of the lumbar nerves increase in size from above down-

wards. At their origin, they communicate with the lumba.r ganglia of the sym-

pathetic by long slender filaments, which accompany the lumbar arteries round the

sides of the bodies of the veitebrie, beneath the Psoas muscle. The nerves pass

obliquely outwards behind the Psoas magnus, or between its fasciculi, distributing

filaments to it and the Quadratus lumborum. The anterior branches of the four

upper nerves are connected together in this situation by anastomotic loops, and

form the lumbar jjlexus. The anterior branch of the fifth lumbar, joined with a

branch fi'om the fourth, descends across the base of the sacrum to join the anterior

branch of the first sacral nerve, and assist in the formation of the sacral plexus.

The cord resulting from the union of these two nerves is called the lumbosacral

nerve.

Lumbar Ple.\:us.

The lumbar plexus is formed by the loops of communication between the anterior

branches of the four upper lumbar nerves. The plexus is narrow above, and oc-

casionally connected with the last dorsal by a slender branch, the dorsi-lumbar

nerve; it is 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, in fi'ont of the transverse processes of the lumbar vertebras.
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The mode in which the plexus is formed is the following :—The first lumbar

nerve gives ofi' the ilio-hypogastric and ilio-ingainal nerves, and a communicating

branch to the second lumbar nerve. The second gives off the external cutaneous

and genito-crural, and a communicating branch to the third nerve. The third

nerve gives a descending filament to the fourth, and divides into two branches

which assist in forming the anterior crural and obturator nerves ; sometimes,

also, it furnishes a part of the accessory obturator. The fourth nerve completes

the formation of the anterior crural, and the obturator, and gives off a communi-
cating branch to the fifth lumbar ; sometimes it also furnishes part of the accessory

obturator.

The branches of the lumbar plexus are the

Ilio-hypogastric.

Ilio-inguinal.

Grenito-craral.

External cutaneous.

Obturator.

Accessory obturator.

Anterior crural.

These branches may be divided into two groups, according to their mode of

distribution. One group, including the ilio-hypogastric, ilio-inguinal, and part

of the genito-crural nerves, supplies the lower part of the parietes of the abdomen
;

292.—The Lumbar Plexus and its Branches.

the other group, which includes the remaining nerves, supplies the fore part of the

thigh and inner side of the leg.

The Ilio-HYPOGAstkic Neeve {superior musculo-cutaneous) arises from the first
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lumbar nerve. It pierces 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 back part, and divides between it

and the Internal oblique into two branches, iliac and h^^pogastric.

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. 295).

The size of this nerve bears an inverse proportion to that of the cutaneous branch

of the last dorsal nerve.

The hypogastric hranch (fig. 293) continues onwards between the Internal oblique

and Transversalis muscles. It first pierces the Internal oblique, and near the

middle line perforates the External oblique above the external abdominal ring, and

is distributed to the integument covering the hypogastric region.

The Ilio-ikguinal Nerve (inferior musculo-cutaneous) , smaller than the pre-

ceding, arises with it from the first lumbar nerve. It pierces the outer border of

the Psoas just below the ilio-hypogastric, and, passing obliquely across the Qua-

dratus lumborum and lliacus 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, escapes

at the external abdominal ring, and is distributed to the integument of the scrotum

and upper and inner part of the thigh in the male, and to the labium in the female.

The size of this nerve is in inverse pi'oportion to that of the ilio-hypogastric.

Occasionally it 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-ckceal Nerve arises from the second lumbar, and by a few fibres

from .the cord of communication between it and the first. It passes obliquely

through tho substance of the Psoas, descends on its surface to near Poupart's

ligament, and divides into a genital and a crural branch.

The genital hranch descends on the external iliac artery, sendinga few filaments

round that vessel ; it then pierces the fascia transversalis, and, passing through the

internal abdominal ring, 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 ligament, and is lost upon it.

The crural hranch passes along the inner margin of the Psoas muscle, beneath

Poupart's ligament, into the thigh, where it pierces the fascia lata, and is distri-

buted to the integument of the upper and anterior aspect of the thigh, communi-
cating with the middle cutaneous nerve.

A few filaments from this nerve may be traced on to the femoral artery ; they

are derived from the nerve as it passes beneath Poupart's ligament.

The External Cutaneous Nerve arises from the second lumbar, or from the

loop between it and the third. It perforates the outer border of the Psoas muscle

about its middle, and crosses the lliacus muscle obliquely, to the notch imme-

diately beneath the anterior superior spine of the ilium, where it passes beneath

Poupart's ligament into the thigh, and divides into two branches of nearly equal

size.

The anterior hranch 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 the long saphenous nerve.

The posterior hranch pierces the fascia lata, and subdivides into branches which

pass across the outer and posterior surface of the thigh, supplying the integument

as far as the middle of the thigh.

The Obturator Nerve supplies the Obturator externus and Adductor muscles

of the thigh, the articulations of the hip and knee, and occasionally the integument
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of the thigli and leg. It arises by two branches ; one from the third, the other

from the fourth lumbar nerve. 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 obtui-ator 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 the Adductor brevis muscle.

The anterior hranch (fig. 294) 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.

This nerve, near the obturator foramen, gives off 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 Pectineus, and

receives a communicating branch fi'om the accessory obturator nerve.

Occasionally this communicating branch is continued down, as a cutaneous

branch, to the thigh and leg. This occasional ciitaneous branch emerges from 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, communi-
cates with the long saphenous nerve, and is distributed to the integument of the

inner side of the leg, as low down as its middle. When the branch is small, its

place is supplied by the internal cutaneous nerve.

The posterior hranch of the obturator nerve pierces the Obturator externus, and

passes behind the Adductor brevis to the front of the Adductor magnus, where it

divides into numerous muscular branches, which supply the Obturator externus,

the Adductor magnus, and occasionally the Adductor brevis.

The articular hranch for the knee-joint perforates the lower jjart 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 posterior ligament,

and is distributed to the synovial membrane. It gives filaments to the artery in

its course.

The Accessory Obtueatoe Neeve (fig. 292) is of small size, and arises either

from the obturator nerve near its origin, or by separate filaments from the third

and fourth lumbar nerves. It descends along the inner border of the Psoas muscle,

crosses the body of the pubes, and passes beneath the Pectineus muscle, where it

divides into numerous branches. One of these supplies the Pectineus, penetrating

its under surface ; another is distributed to the hip-joint ; while a third communi-
cates with the anterior branch of the obturator nerve. This branch, when of large

size, is prolonged (as already mentioned), as a cutaneous branch, to the leg. The
accessory obturator nerve is not constantly found ; when absent, the hip-joint

receives branches from the obturator nerve. Occasionally it is very small, and
becomes lost in the capsule of the hip-joint.

The Anteeiok Ceueal Neeve (figs. 292, 294) 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 vaginas femoris ; cutaneous filaments

to the front and inner side of the thigh, and to the leg and foot ; and articular

branches to the knee. It arises from the third and fourth lumbar nerves, receiving

also a fasciculus from the second. 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 Iliacus, and beneath 'Poupart's ligament, into the thigh, where

it becom.es somewhat flattened, and divides into an anterior or cutaneous, and a

posterior or muscular part. Beneath Poupart's ligament, it is separated from the

femoral artery by the Psoas muscle, and lies beneath the iliac fascia.

Within the pelvis, the anterior crural nerVe gives oW from its outer side some

small branches to the Iliacus, and a branch to the femoral artery, which is dis-

tributed 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.



ANTERIOR CRURAL. 549

External to the pelvis, the following branches are given off :

—

From the Anterior Division. From the Posterior Division.

Middle cutaneous. Muscular.

Internal cutaneous. Articular.

Long saphenous.

The middle cutaneous nerve (fig. 293) pierces the fascia lata (occasionally 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 the middle cutaneous communicates with a branch of the internal saphenous

nerve. 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 cutaneotis 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 internal.

The anterior branch 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 the patella to the outer side of the

joint, communicating in its course with the long saphenous nerve. A cuta.

neons filament is occasionally given ofE from this nerve, which accompanies the

long saphenous vein ; and it sometimes communicates with the internal branch of

the nerve.

The inner branch descends along the posterior border of the Sartorius muscle

to the knee, where it pierces the fascia lata, communicates with the long saphe-

nous 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, joins in a plexiform network, by uniting with branches of

the long saphenous and obturator nerves (fig. 294). When the communicating

branch from the latter 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.

This nerve, before subdividing, 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 open-

ing ; a second becomes subcutaneous about the middle of the thigh ; and a third

pierces the fascia at its lower third.

The long, or internal saphenous nerve, is the largest of the cutaneous branches

of the anterior crural. It approaches the femoral artery where this vessel passes

beneath the Sartorius, and lies on its outer side, beneath the aponeurotic covering,

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 deep fascia between the tendons of the Sartorius and Gra-

cilis, 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.

Branches. The long saphenous nerve, ahozit the middle of the thigh, gives off a

communicating branch, which joins the plexus formed by the obturator and

internal cutaneous nerves.

At the inner side of the hiee, it gives off a large branch {n. cutaneus patellee),

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
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branoh of the internal cutaneous ; helow tlie knee, with other branches of the long

saphenous ; and, on the outer side of the joint, with branches of the middle and

external cutaneous nerves, forming a plexiform network, the plexus paiellce. The
cutaneous nerve of the patella is occasionally small, and terminates by joining the

internal cutaneous, which supplies its place in front of the knee.

Beloiv the knee, the branches of the long saphenous nerve are distributed to the

integument of the front and inner side of the leg, communicating with the cuta-

neous branches from the internal cutaneous, or obturator nerve.

The Deep Group of branches of the anterior crural nerve are muscular and

articular.

The muscular branches supply the Pectineus and all the muscles on the front of

the thigh except the Tensor vaginae 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.

The branch to the Rectus muscle enters its under surface high up.

The branch to the Vastus externus, of large size, follows the course of the de-

scending branch of the external circumflex artery, to the lower part of the muscle.

It gives ofi' an articular filament.

The branches to the Vastus interims and Crureus enter the middle of those

muscles.

The articular branches, two in number, supply the knee-joint. One, a long

slender filament, is 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 descends along the internal inter-

muscular septum, accompanying the deep branch of the anastomotica magna
artery,, pierces the capsular ligament of the joint on its inner side, and supplies

the synovial membrane.

The Saceal 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 origin of the upper sacral (and lumbar) nerves are the largest of

all the spinal nerves ; whilst those of the lowest sacral and coccygeal nerve are the

The roots of these nerves 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 the first lumbar vertebra. From their great length, and the appearance

they present in connection with the spinal cord, the roots of origin of these nerves

are called collectively the cauda eqiiina. Each sacral and coccygeal nerve divides

into two branches, anterior and posterior.

The posterior sacral nerves are small, diminish in size from above downwards,

and emerge, except the last, from the sacral canal by the posterior sacral

foramina.

The three upper oves are covered, at their exit from the sacral canal, by the

Multifidns spinse, and divide into external and internal branches.

The internal branches are small, and supply the Multifidus spinse.

The external branches communicate w'ith one another, and with the last lumbar

and fourth sacral nerves, by means of anastomosing loops. These branches pass

outwards, to the outer surface of the great sacro-sciatio ligament, where they form

a second series of loops beneath the Grluteus maximus. Cutaneous branches from

this second series of loojis, 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-

ment over the posterior part of the gluteal region.
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The two lower posterior sacral nerves are situated below the Multifidus spinfe.

They are of small size, and 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

integument over the coccyx.

The coccygeal nerve divides into its anterior and posterior branch in the spinal

canal. The posterior bi-anch is the smaller. It receives, as already mentioned, a

communicating branch from the last sacral, and is lost in the fibrous structure on

the back of the coccyx.

The anterior sacral nerves diminish in size from above downwards. The four

upper ones emerge from the anterior sacral foramina : the anterior branch of the

fifth, together with the coccygeal nerve, between the sacrum and the coccyx. All

the anterior sacral nerves communicate with the sacral ganglia of the sympathetic,

at their exit from the sacral foramina. The first nerve, of large size, unites with

the lumbo-sacral nerve. The second equals in size the preceding, with which it

joins. The third, about one-fourth the size of the second, unites with the preced-

ing nerves, to form the sacral plexus.

The foiirth 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

hranches are distributed to the viscera of the pelvis, communicating with the sym-

pathetic nerve. These branches ascend upon the rectum and bladder : in the

female, upon the vagina and bladder, communicating with branches of the sympa-

thetic to form the hypogastric plexus. The muscular brandies are distributed to

the Levator ani, Coccygeus, and Sphincter ani. Cutaneous filaments arise from

the latter branch, which supply the integument between the anus and coccyx.

The fifth anterior sacral nerve, after passing- from the lower end of the sacral

canal, pierces the Coccygeus muscle, and descends upon its anterior surface to the

tip of the coccyx, where it perforates that muscle, to be distributed to the integu-

ment 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 hranch of the coccygeal nerve is a delicate filament which escapes

at the termination of the sacral canal. It pierces the sacro-sciatic ligament and

Coccygeus muscle, is joined by a branch from the fifth anterior sacral, and becomes

lost in the integument at the back part and side of the coccyx.

Saceal Plexds.

The sacral plexus is formed by the lumbo-sacral, the anterior branches of the

three 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 a single, broad, flat 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 sacro-sciatic

foramen. It rests upon the anterior surface of the Pyriformis, and is 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 :

—

Muscular. Pudic.

Superior gluteal. Small sciatic.

Great sciatic.

The muscular hranches supply the Pyriformis, Obturator internus, the two

Gemelli, and the Quadratus femoris. The branch to the Pyriformis arises either

from the plexus, or from the upper sacral nerves : the branch to the Obturator in-

ternus arises at the junction of the lumbo-saci-al and first sacral nerves ; it crosses

behind the spine of the ischium, and passes through the lesser sacro-sciatic fora-
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men to the inner surface of the Obturator internus ; the branch to the Gemellus

superior arises from the lower jsart of the plexus, near the pudic nerve ; the small

branch to the Gemellus inferior and Quadratus femoris also arises from the lower

part of the plexus : it passes beneath the Gemelli and tendon of the Obturator

internus, and^ supplies an articular branch to the hip-joint. This branch is occa-

sionally derived from the upper part of the great sciatic nerve.

The SuPEEiOE Gluteal Nerve (fig. 296) arises from the back part of the lumbo-

sacral ; it passes from the p)ehas through the great sacro-sciatic foramen above the

Pyriformis muscle, accompanied by the gluteal vessels, and divides into a supei'ior

and an inferior branch.

The supei'ior branch follows the line of origin of the Gluteus minimus, and sup-

plies it and 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 vaginiB

femoris, extending nearly to its lower end.

The Pddic Neeve arises from the lower part of the sacral plexus, and leaves the

pelvis, through the great sacro-sciatic foramen, below the Pyriformis. It then

crosses the spine of the ischium, and re-enters the pelvis through the lesser sacro-

sciatic foramen. It accompanies the pudic vessels upwards and forwards along

the outer wall of the ischio-rectal fossa, being covered by the obturator fascia, and
divides into two terminal branches, the perineal nerve, and the dorsal nerve of

the penis. Near its origin, it gives off the inferior hEemorrhoidal nerve.

The inferior luemorrhoidal nerve is occasionally derived from the aaoral

plexus. It passes across the ischio-rectal fossa, with its accompanying vessels,

towards the lower end of the rectum, and is distributed to the External sphincter

and the integument round the anus. Branches of this nerve communicate with

the inferior pudendal and superficial perineal nerves on the inner margin of the

thigh..

The -perineal nerve, the inferior and larger of the two terminal branches of the

pudic, is situated below the piudic arteiy. It accompanies the superficial perineal

artery in the perineum, dividing into cutaneous and muscular branches.

The cntaneous branches (superficial perineal) are two in number, posterior and
anterior. The posterior branch passes to the back part of the ischio-rectal fossa,

distributing filaments to the Sphincter ani and integument in front of the anus,

which communicate with the inferior hasmorrlioidal nerve ; it then passes forwards,

with the anterior branch, to the back of the scrotum, communicating with the

anterior branch and with the inferior pudendal. The anterior branch passes to the

fore part of the ischio-rectal fossa, in front of the preceding, and accompanies it

to the scrotum and under part of the penis. This branch gives one or two fila-

ments to the Levator ani.

The muscular branches are distributed to the Transversus perinei. Accelerator

urinse. Erector penis, and Compressor urethras. The nerve of the bulb supplies

the corpus spongiosum ; some of its filaments run for some distance on the surface

before penetrating to the interior.

The dorsal nerve of the penis is the superior division of the pudic nerve ; it

accompanies the pudic artery along the ra.mus of the ischium, and between the

two layers of the deep perineal fascia ; it then pierces the suspensory ligament of

the penis, and accompanies the arteria dorsalis penis to the glans, to which it is

distributed. On the penis, this nerve gives ofi" a cutaneous branch, which runs

along the side of the organ ; it is joined with branches of the sympathetic, and

supplies the integument of the upper surface and sides of the penis and prepuce,

giving a large branch to the corpus cavernosum.

In the female, the pudic nerve is distributed to the parts analogous to those in

the male ; its superior division terminating in the clitoris, its inferior in the exter-

nal labia and perineum.

The Small Sclatic Neeve (fig. 296) supplies the integument of the perineum
and back part of the thigh and leg, and one muscle, the Gluteus maximus. It is



SMALL SCIATIC. 553

295.—Cutaneous Nerves of Lower
Extremity. Posterior View.

296.—Nerves of the Lower Extremity.

Posterior View.

f:maU Scratic



554 SPINAL NERVES.

usually formed by the union of two branches, which arise from the lower part of

the sacral plexus. It issues from the pelvis below the Pyi-iformis muscle, descends

beneath the Gluteus maximum with the sciatic artery, and at the lower border of

that muscle passes along tbe back part of the thigh, beneath the fascia lata, to the

lower part of the popliteal region, where it pierces the fascia and becomes cuta-

neous. It then accompanies the external saphenous vein below the middle of the

leg, its terminal filaments communicating with the external saphenous nerve.

The branches of the small sciatic nerve are muscular (inferior gluteal) and

cutaneous.

The inferior gluteal consist of several large branches given off to the under

surface of the Gluteus maximus, near its lower part.

The cutaneous branches consist of two groups, internal and ascending.

The internal cutaneous hranches 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 lata

on the outer side of the ramus of the ischium, and is distributed to the integument

of the scrotum, communicating with the supcriioial perineal nerve.

The ascending cutaneous hranclies consist of two or three filaments, which

turn upwards round the lower border of the Gluteus maximus, to supply the

integument covering its surface. One or two filaments occasionally descend along

the outer side of the thigh, supplying the integument as far as the middle of that

region.

Two or three 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 Great Sciatic Nerve (fig.296) supplies 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 lower part of the sacral plexus. It passes

out of the pelvis through the great sacro-sciatio 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 thu-d, where it divides into two

large branches, the internal and external popliteal nerves.

This division may take plaoe at any point between the sacral jdIbxus and the

lower thu'd 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 iuterposition 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, together with the srflall 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 hranches of the nerve, before its division, are articular and muscalar.

The articular branches arise from the upper jsart of the nerve ; they supply the

hip-joint, perforating its fibrous capsule posteriorly. These branches ai-e some-

times derived from the sacral plexus.

The muscular branches are distributed to the Flexors 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 paj-t of tbe thigh, through the middle of the

popliteal space, to the lower part of the Poplitens muscle, where it passes with the

artery beneath the arch of the Soleus, and becomes the posterior tibial. It lies at

first very superficial, and at the outer side of the popliteal vessels ; opposite the

knee-joint, it is in close relation with the vessels, and crosses the artery to its

inner side.

The branches of this nerve are articular, muscular, and a cutaneous branch,

the external or short saphenous nerve.
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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.

The muscular hrancJtes, 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, Solens, and Popliteus. The nerves which supply the Popliteus

tui'n round its lower border and are distributed to its deep surface.

The external or short saphenous nerve (fig. 295) descends between the two heads

of the Gastrocnemius muscle, and, about the middle of the back of the leg, pierces

the deep fascia, and receives a communicating branch (cojmmtnicans peronei) from

the external popliteal nerve. The nerve then continues its course down the leg

near the outer margin of the tendo Achillis, in company with the external saphe-

nous vein, 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 musculo-cutaneous nerve.

The posterior tibial nerve (fig. 296) commences at the lower border of the Pop-

liteus 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 by the deep fascia, the superficial muscles, and integument.

In the upper part of its course, it lies to the inner side of the posterior tibial

attery; 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

The Plantar Nerves. is placed pai'allel with the inner mai'gin

of the tendo Achillis.

The branches of the posterior tibial

nerve are muscular and plantar-cutaneous.

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 digi-

torum, and Flexor longus pollicis muscles
;

the branch to the latter muscle accom-

panying the peroneal artery.

The plantar cutaneous brancli perfo-

rates the internal annular ligament, and

supplies the integument of the heel and

inner side of the sole of the foot.

The internal plantar nerve (fig. 297),

the larger of the two terminal branches

of the posterior tibial, accompanies the

internal plantar artery along the inner

side of the foot. From its origin at the

inner ankle it passes forwards between

the Abductor pollicis and Flexor brevis

digitorum, divides opposite the bases of

the metatarsal bones into four digital

branches, and communicates Avith the

external plantar nerve.

Branches. In its course, the internal

plantar nerve gives off culaneoris branches

which pierce the plantar fascia, and supply

the integument of the sole of the foot ; muscular branches, which supply the

Abductor pollicis and Flexor brevis digitorum ; articular branches to the articu-

lations of the tarsus and metatarsus ;
and four digital branches. These pierce

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
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a filament to the Flexor brevis pollicis muscle ; the second bifurcates, to supply

the adjacent sides of the great and second toes, sending a filament to the first

Lumbricalis muscle ; the third digital branch supplies the adjacent sides of the

second and third toes, and the second Lumbricalis muscle ; the fourth supplies the

corresponding sides of the third and fourth toes, and receives a communicating
branch from the external plantar nerve. It will be obsei'ved, that the distribution

of these branches is precisely similar to that of the median nerve in the hand.

Each digital nerve gives off cutaneous and articular filaments ; and opposite the

last phalanx sends a dorsal branch, which supplies the structure round the nail,

the continuation of the nerve being distributed to the ball of the toe.

The external 'plantar nerve, the smaller of the two, completes the nervous

supply to the structures 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 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 and Abductor minimi digiti, divides into a superficial and a deep branch.

Before its division, it supplies the Flexor accessorius and Abductor minimi digiti.

The superficial branch separates into two digital nerves : one, the smaller of

the two, supplies the outer side of the little too, 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 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 pollicis, and supplies all the interossei (except those in the fourth meta-

tarsal space), the two outer Lumbricales, the Adductor pollicis, and the Transversus

pedis.

The External Popliteal or Peroneal Nerve (fig. 296), about one-half the size of

the internal popliteal, descends obliquely along the outer side of the popliteal space

to the fibula, close to the 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.

About an inch below the head of the fibula it pierces the origin of the Peroneus

longus, and divides beneath that muscle into the anterior tibial and musculo-

cutaneous nerves.

The branches of the peroneal nerve, previous to its division, are articular and

cutaneous.

The articular branches, two in number, accompany the superior and inferior

external articular arteries to the outer side of the knee. The upper one occasion-

ally arises from the great sciatic nerve before its bifurcation. A third (recurrent)

articular nerve is given off at the point of division of the peroneal nerve ; it as-

cends with the tibial recurrent 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

the back part and outer side of the leg, as far as its middle or lower part ; one of

these, larger than the rest, the communicans peronei, arises near the head of the

fibula, crosses the external head of the Gastrocnemius to the middle of the leg, and

joins with the external saphenous. This nerve occasionally exists as a separate

branch, which is continued down as far as the heel.

The Anterior Tibial Nerve (fig. 294) 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 pai-t of the

interosseous membrane, and reaches the outer side of the anterior tibial artery

above the middle of the leg ; it then descends with the artery to the front of the

ankle-joint, where it divides into an external and an internal branch. This nerve

lies at first on the outer side of the anterior tibial artery, then iu front of it, and

again at its outer side at the ankle-joint.
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The branches of the anterior tibial nerve, in its course through the leg, are the

muscular nerves to the Tibialis anticus, Extensor long-us digitorum, Peroneus

tertius, and Extensor proprius pollicis muscles.

The external or tarsal branch of the anterior tibial passes outwards aci'oss the

tarsus, beneath the Extensor brevis digitorum, and having become ganglionic,

like the posterior interosseous nerve at the wrist, supplies the Extensor brevis

digitorum and the articulations of the tarsus and metatarsus.

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 division of the musculo-

cutaneous nerve.

The Musculo-Outaneous Nerve (fig. 294) supplies the muscles on the fibular side

of the leg, and the integument of the dorsum of the foot. It passes forwards

between the Pei'onei 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 inte-

gument of the lower part of the leg.

The internal branch of the musculo-cutaneous 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, com-

municating 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 Sympathetic Nerve.

THE Sympathetic Nerve is so called from tlie opinion entertained that throtigli

it is produced a sympathy between the alTections of distant organs. It con-

sists of a series of ganglia, connected together by intervening cords, extending
on each side of the vertebral column from the base of the skull to the coccys. It

may, moreover, be traced up into the head, where the ganglia (which are all in

connection with the fifth cranial nerve) occupy spaces between the cranial and
facial bones. These two gangliated cord.s lie parallel with one another as far as the
sacrum, on which bone they converge, communicating together through a single

ganglion (ganglion impar), placed in front of the coccyx. Some anatomists also

state that the two cords are joined at their cephalic extremity, through a small

ganglion (the ganglion of Ribes), situated upon the anterior communicating artery.

Moreover, the chains of opposite sides communicate between these two extremities

in several parts, by means of the nervous cords that arise from them.

The ganglia are somewhat less numerous than the vertebras : thus there are only
three in the cervical region, twelve in the dorsal, four in the lumbar, five in the

sacral, and one in the coccygeal.

The sympathetic nerve, for convenience of description, may be divided into

several parts, according to the position occupied by each ; and the number of

ganglia, of which each part is composed, may be thus arranged :

Cephalic portion . . 4 ganglia.

Cervical „ . . 3 ,,

Dorsal ,, . . 12 ' „
Lumbar ,, . . 4 „
Sacral „ . . 5 ,,

Coccygeal ,, . . i ,,

Each ganglion may be regarded as a distinct centre, from or to which branches

pass in various directions. These branches may be thus arranged:— i. Branches

of communication between the ganglia. 2. Branches of communication with the

cerebral or spinal nerves. 3. Primary branches passing to be distributed to the

arteries in the vicinity of the ganglia, and to the viscera, or proceeding to other

ganglia placed in the thorax, abdomen, or pelvis.

1. The branches of communication between the ganglia are composed of grey

and white nerve- fibres, the latter being continuous with those fibres of the spinal

nerves which pass to the ganglia.

2. The branches of communication between the ganglia and the cerebral or

spinal nerves also consist of a white and a grey portion ; the former proceeding

from the spinal nerve to the ganglion, the latter passing /rom the ganglion to the

spinal nerve.

3. The primary branches of distribution also consist of two kinds of nerve-

fibres, the sympathetic and spinal. They have a remarkable tendency to form

intricate plexuses, which encircle the bjood-vessels, and are conducted by them

to the viscera. The greater number, however, of these branches pass to a series

of visceral ganglia ; these are ganglionic masses, of variable size, situated in the

large ca'sities of the trunk, the thorax, and abdomen ; and are connected with the

roots of the great arteries of the viscera. The visceral ganglia are single and unsym-
metrical, and are called the cardiac and semilunar. Prom these visceral ganglia

numerous plexuses of nerves are derived, which entwine round the blood-vessels

and are conducted bv them to the viscera.
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The cephalic portion of the sympathetic consists of four ganglia:— i. The
ophthalmic ganglion. 2. The spheno-palatine, or Meckel's ganglion. 3. The
otic, or Arnold's ganglion. 4. The submaxillary ganglion.

These have been already described in connection with the three divisions of the

fifth nerve. ^

Cervical Portion of the Sympathetic.

The cervical portion of the sympathetic consists of three ganglia on each side,

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 vertebrse and sometimes as low as the fourth or fifth.

It is of a reddish-grey colour, and usually fusiform in shape ; sometimes broad, and

occasionally constricted at intervals, so as to give rise to the opinion that it con-

sists of the coalescence of several smaller ganglia. It is in relation, in front, with

the sheath of the internal carotid artery, and internal jugular vein ; behind it lies

on the Rectus capitis anticus major muscle.

Its branches may be divided into superior, inferior, external, internal, and

anterior.

The superior hrancli appears to be a direct continuation of the ganglion. It is

soft in texture, and of a reddish colour. 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 that

vessel.

The Older hrancli, the larger of the two, distributes filaments to the internal

carotid artery, and forms the carotid plexus.

The -inner branch also distributes filaments to the internal carotid, and, con-

tinuing onwards, forms the cavernous plexus.

Carotid Plexus.

The carotid plexus is situated on the outer side of the internal carotid.

Filaments from this plexus occasionally form a small gangliform sw^elling on the

under surface of the artery, which is called the carotid ganglion. The carotid

plexus communicates with the Casserian ganglion, with the sixth nerve, and

spheno-palatine ganglion, and distributes filaments to the wall of the carotid artery,

and to the dura mater (Valentine).

The communicating branches with 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 Casserian ganglion. The communication

with the spheno-palatine ganglion is effected by the carotid portion of the Vidian

nerve, which passes forwards, through the cartilaginous substance filling the

foramen lacerum medium, along the pterygoid or Vidian canal, to the spheno-

palatine ganglion. In this canal it joins the petrosal branch of the Vidian.

Cavernous Plexus.

The cavernous plexus is situated below, and internal to that part of the internal

carotid, which is placed by the side of the sella Turcica, in the cavernous sinus,

and is formed chiefl}' by the internal division of the ascending branch from the

superior cervical ganglion. It comnaunicates with the third, fourth, fifth, and

sixth nerves, and T^ath the ophthalmic ganglion, and distributes filaments to the

wall of the internal carotid. The 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 ophthalmic nerve ; and a second filament of

communication joins the sixth nerve.

The filament of connection with the ophthalmic ganglion arises from the
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anterior part of the cavernous plexus ; it accompanies tte nasal nerve, or continues

forwards as a separate branch.

The terminal filaments from the carotid and cavernous plesuses 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 pia

mater ; along the latter, into the orbit, where they accompany each of the sub-

divisions of the vessel, a separate plexus passing with the arteria centralis retinse

into the interior of the eyeball.

The inferior or descending hranch of the superior cervical ganglion communi-
cates with the middle cervical ganglion.

The external hranrJies are numerous, and communicate with the cranial nerves,

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 cervical ganglia.

The branches of communication with the cranial nerves consist of delicate filaments,

which pass from the superior cervical ganglion to the ganglion of the trunk of the

pneumogastric, and to the ninth nerv6. 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 pneumogastric in the jugular foramen.

The internal tranches are three in number : pharyngeal, laryngeal, and the

superior cardiac nerve. The pharyngeal branches pass inwards to the side of the

pharynx, where they join with branches from the pneumogastric, glosso-pharyn-

geal, and external laryngeal nerves to form the pharyngeal plexus. The laryngeal

branches unite with the superior laryngeal nerve and its branches.

The superior cardiac nerve will be described in connection with the other cardiac

nerves.

The anterior branches ramify upon the external carotid artery and its branches,

forming round each a delicate plexus, on the nerves composing which small

ganglia are occasionally found. These ganglia have been named, according to

their position, intercarotid (one placed 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 surround-

ing the external carotid, is connected with the digastric branch of the facial ; that

surrounding the facial, communicates with the submaxillary ganglion by one or

two filaments ; and that accompanying the middle meningeal artery, sends offsets

which pass to the optic ganglion 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

fifth cervical vertebra, usually upon, or close to, the inferior thyroid artery ; hence

the name ' thyroid ganglion,' assigned to it by Haller.

Its superior branches ascend to communicate with the superior cervical

ganglion.

Its inferior branches descend to communicate with the inferior cervical

ganglion.

Its external branches pass outwards to join the fifth and sixth spinal nerves.

Those branches are not constantly found.

Its iidernal 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 ; thoy 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 is described with the other cardiac nerves.

The Inferior Cervical Ganglion is situated between the base of the trans-

verse process of the last cervical vertebra and the neck of the first rib, on the

inner side of the superior intercostal artery. Its form is irregular ; it is larger in

size than the preceding, and frequently joined with the first thoracic ganglion.

Its superior branches communicate with the middle cervical ganglion.



562 SYMPATHETIC NERVE.

Its inferior branches descend, some in front of, others behind the subclavian

artery, to join the first thoracic ganglion. The most important of these branches

constitutes the inferior cardial nerve, to be j)resently described.

The external branches consist of several filaments, some of which communicate

with the seventh and eighth spinal nerves ; others accompany the vertebral

artery along the vertebral canal, forming a plexus round the vessel, supplying

it with filaments, and communicating with the cervical spinal nerves as high as the

fourth.

Cardiac Nekves.

The cardiac nerves are three in number on each side : superior, middle, and

inferior, one being derived from each of the cervical ganglia.

The sicperior 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
colli muscle ; and crosses in front of the inferior thyroid ar'tery, and the recurrent

laryngeal nerve.

The right superior cardiac nerve, at the root of the neck, passes either in front

of or 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

joins with the recurrent laryngeal. Filaments from this nerve accompany the

inferior thyroid artery to the thyroid gland.

The left superior cardiac nerve runs by the side of the left carotid artery, and in

front of the arch of the aorta, to the superficial cardiac plexus ; but occasionally it

passes behind the aorta, and terminates in the deep cardiac plexus.

The middle cardiac nerve (nervus cardiacus magnus), the largest of the three,

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 sub-

clavian artery ; it then descends on the trachea, receives a iaw filaments from the

recurrent laryngeal nerve, and joins 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 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 communi-

cates freely behind the subclavian artery with the recurrent laryngeal and middle

cardiac nerves.

The great or deep cardiac plexus (plexus magnus profundus—Scarpa) is situated

in front of the trachea at its bifurcation, above the point of division of the pul-

monary artery, and behind the arch of the aorta. It is formed by the cardiac

nerves derived from the cervical ganglia of the sympathetic, and the cardiac

branches of the recurrent laryngeal and pneumogastric. The only cardiac nerves

which do not enter into the formation of 'this plexus are the left supierior cardiac

nerve, and the left inferior cardiac branch from the pneumogastric. The branches

derived from the great cardiac plexus form the posterior coronary plexus, and

part of the anterior coronary plexus ; whilst a few filaments proceed to the pul-

monary plexuses, and to the auricles of the heart.

The branches from the right side of this plexus pass, some in front of and others

behind the right pulmonary artery ; the former, the more numerous, transmit a

few filaments to the anterior pulmonary plexus, and are continued along the trunk
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of tlie pulmonary artery, to form part of the anterior coronary plexus ; those

behind the pulmonary artery distribute a few filaments to the right auricle, and
form part of the posterior coronary plexus.

The branches from the left side of the deep cardiac plexus distribute a few fila-

ments to the left auricle of the heart and the anterior puhnonary plexus, and then

pass on to form the greater part of the posterior coronary plexus, a few branches

passing to the superficial cardiac plexus.

The superficial {anterior) cardiac plexus lies beneath the arch of the aorta, in

front of the right pulmonary artery. It is formed by the left superior cardiac

nerve, the left (and occasionally the right) inferior cardiac branches of the pneumo-
gastric, and filaments from the deep cardiac plexus. A small ganglion (cardiac

ganglion of Wrisberg) is occasionally found connected with these 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 ductus arteriosus. The superficial

cardiac plexus forms the chief part of the anterior coronary plexus, and several

filaments pass along the pulmonary artery to the left anterior pulmonary plexus.

The posterior coronary plexus is chiefly formed by filaments prolonged from the

left side of the deep cardiac plexus, and by a few from the right side. It surrounds

the branches of the coronary artery at the back of the heart, and its filaments are

distributed with those vessels to the muscular substance of the ventricles.

The anterior coronary plexus is formed chiefly from the superficial cardiac plexus,

but receives filaments from the deep cardiac plexus. Passing forwards between
the aorta and pulmonary artery, it accompanies the rig-ht coronary artery on the

anterior surface of the heart.

Valentin has described nervous filaments ramifying under the endocardium
;

and Remak 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
elaborate dissections of the late Dr. Robert Lee have demonstrated without

any doubt the existence of a dense mesh of nerves distributed both to the sur-

face and in the substance of the heart, having numerous ganglia developed upon
them.

Thoeacic Pabt of the Sympathetic.

The thoracic portion of the sympathetic consists of a series of ganglia, which

usually correspond in number to that of the vertebras- ; but, from the occasional

coalescence of two, their number is uncertain. These ganglia are 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 vertebrae. The ganglia are small in size, and of a greyish

colour. The first, larger than the rest, is of an elongated form, and usually

blended with the last cervical. They are connected together by cord-like prolon-

gations from their substance.

The external branches from each ganglion, usually two in number, communicate

with each of the dorsal spinal nerves.

The internal branches from the six upper ganglia are very small : they supply

filaments to the thoracic aorta and its branches, besides small branches to the

bodies of the vertebrfe and their ligaments. Branches from the third and fourth

ganglia form part of the posterior pulmonary plexus.

The internal branches from the six lower ganglia are large and white in colour
;

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 renal

spilanchnic.

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 sixth and tenth, receiving filaments (according to

Dr. Beck) from all the thoracic ganglia above the sixth. These roots unite to

002
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form a large round cord of considerable size. It descends obliquely inward.s in

front of tbe bodies of the vertebras along the posterior mediastinum, perforates the

crns of the Diaphragm, and terminates in the semilunar ganglion, distributing

filaments to the renal plexus and suprarenal capsule.

The lesser-splanchnio nerve is formed by filaments from the tenth and eleventh

ganglia, and from the cord between them. It pierces the Diaphragm with the

preceding nerve, and joins the coeliac plexus. It communicates in the chest with

the great splanchnic nerve, and occasionally sends filaments to the renal plexus.

The smallest or renal splanchnie nerve arises from the last ganglion, and piercing

the Diaphragm, terminates in the renal plexus and lower part of the cceliac 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 cer-

vical 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 abdo-

minal cavity.

The epigastric or solar plexus supplies all the viscera in the abdominal cavity.

It consists of a great network of nerves and ganglia, situated behind the 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 splanchnic nerve of both sides, part of

the lesser splanchnic nerves, and the termination of the right pneumogastric. It

distributes filaments, which accompany, under the name of plexuses, all the

branches from the front of the abdominal aorta.

The semihmar ganglia, of the solar plexus, two in number, one on each side, 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 by the side of the coeliac axis and superior mesenteric artery,

close to the suprarenal capsules : the one on the right side lies beneath the vena

cava ; the upper part of each ganglion is joined by the greater and lesser splanch-

nic nerves, and to the inner side of each the branches of the solar ' plexus are con-

nected. Prom the solar plexus are derived the following :

—

Phrenic or Diaphragmatic plexus. Suprarenal plexus.

Coeliac plexus. Renal plexus.

Gastric plexus. Superior mesenteric plexus.

Hepatic plexus. Spermatic plexus.

Splenic plexus. Inferior mesenteric plexus.

The phrenic plexus accompanies the phrenic artery to the Diaphragm, which it

supplies, some filaments passing to the suprarenal capsule. It arises from the

upper part of the semilunar ganglion, and is larger on the right than on the left

side. In connection with this plexus, on the right side, at its point of junction

with the phrenic nerve, is a small ganglion (ganglion diajshragmaticum). This

ganglion is placed on the under surface of the Diaphragm, near the suprarenal

capsule. Its branches are distributed to the vena cava, suprarenal capsule, and
the hepatic plexus. There is no ganglion on the left side.

The suprarenal plexus is. ioruieSi hj hv&Tickes from the solar plexus, from the

semilunar ganglion, and from the splanchnic and phrenic nerves, a ganglion being

formed at the point of junction of the latter nerve. It supplies the suprarenal

gland. The branches of this plexus are remarkable for their large size, in com-

parison with the size of the organ they supply.

The renal plexus is formed by filaments from the solar plexus, the outer part

of the semilunar ganglion, and the aortic plexus. It is also joined by filaments

from the lesser and smallest splanchnic nerves. The nerves from these sources,

fifteen or twenty in number, have numerous ganglia developed upon them. They
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accompany tlie branches of the renal artery into the kidney ; some filaments on
the right side being distributed to the vena cava, and others to the spermatic
plexus, on both sides.

The spermatic plextis 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 cceliac plexus, of large size, is a direct continuation from the solar ple.Kus :

it surrounds the coeliac axis, and subdivides into the gastric, hepatic, and splenic

plexuses. It receives bi'anches from one or more of the splanchnic nerves, and, on
the left side, a filament from the pneumogastric.

The gastric plexus accompanies the gastric artery along the lesser curvature
of the stomach, and joins vsdth branches from the left pneumogastric nerve. It is

distributed to the stomach.

The hepatic plexus, the largest offset from the cosliac plexus, receives filaments

from the 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 portse.

Branches fi-om this plexus accompany all the divisions of the hepatic artery.

Thus there is a pyloric plexus accompanying the pyloric branch of the hepatic,

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-epiploic

plexus, which accompanies the right gastro-epiploic artery along the greater cur-

vature of the stomach, and anastomoses with branches from the splenic plexus. A
cystic plexus, which supplies the gall-bladder, also arises from the hepatic plexus,

near the liver.

The splenic plexus is formed by branches from the right and 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 gastro-epiploic plexus,

which accompanies the gastro-epiploica sinistra artery along the convex border of

the stomach.

The s^cperior -mesenteric pilexus is a, contvauLSbtion oi the lower part of the great

solar plexus, receiving a branch from the junction of the right pneumogastric

nerve with the coeliac plexus. It surrounds the superior mesenteric 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, viz., pancreatic

branches to the pancreas ; intestinal branches, which sujjply the 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 composing 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 semi-

lunar ganglia and renal plexuses, receiving filaments from some of the lumbar

ganglia. It is situated ujaon the sides and front of the aorta, between the origins

of the superior and inferior mesenteric arteries. From this plexus arise the

inferior mesenteric, part of the spermatic, 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

plexus. It surrounds the inferior mesenteric artery, and divides into a number 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 hsemorrhoidal plexus, which supplies the

upper part of the rectum, and joins in the pelvis with branches from the left hypo-

gastric plexus.
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The Ldmbak Portion of the Sympathetic.

The lumbar portion of the sympathetic 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.

The superior and inferior branches of the lumbar ganglia serve as communi-
cating branches between the chain of ganglia in this region. They are usually

single and of a white colour.

The external hranches communicate with the lumbar spinal nerves. From the

situation of the lumbar ganglia, these branches are longer than in the other regions.

They are usually two in number for each ganglion, and accompany the lumbar

arteries around the sides of the bodies of the vertebrse, passing beneath the fibrous

arches from which some of the fibres of the Psoas muscle arise.

The internal hranches pass inwards, in front of the aorta, and form the lumbar
aortic plexus, already described. Other branches descend in front of the common
iliac arteries, and join, over the promontory of the sacrum, to form the hypogastric

plexus. Numerous delicate filaments are also distributed to the bodies of the

vvertebree, and the ligaments connecting them.

Pelvic Poetion of the Sympathetic.

The pelvic portion of the sympathetic 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

(ganglion impar).

The superior and inferior hranches are the cords of communication between the

ganglia above and below.

The external hranehes, exceedingly short, communicate with the sacral nerves.

They are two in number to 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.

The hypogastric plexus supplies the viscera of the pelvic cavity. It is situated

in front of the 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, from the lumbar ganglia, and from the first two sacral

ganglia. This plexus contains no ganglia ; and bifurcates, below, into two lateral

portions, which form the inferior hypogastric, or pelvic plexuses.

Infebior Hypogastric, oe Pelvic Plexus.

The inferior hypogastric, or pelvic jslexus, is siouated at the side of the rectun'

and bladder in the male, and at the side of the rectum, vagina, and bladder, in

the female. It is formed by a continuation of the hypogastric plexus, by branches

from the second, third, and fourth sacral nerves, and by a few filaments from the

sacral ganglia. At the point of junction Of these nerves, small ganglia are found.

From this plexus numerous branches are distributed to all the viscera of the pelvis.

They accompany the branches of the internal iliac artery.

The inferior hcemorrhoidal plexus arises from the back part of the pelvic

plexus. It supplies the rectum, joining with branches of the superior hasmor-

rhoidal plexus.

The vesical plexus arises from the fore part of the pelvic plexus. The nerves

composing it are numerous, and contain a large proportion of spinal nerve fibres.
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299._Ganglia and Nerves of tbe Gravid Uterus at the end of the Ninth Month.

After Dr. R. Lee.

A. The fundus and body of the utenis, having the peritoneum dissected off from the left side. B. The vagina
covered "wath nerves proceeding from the inferior border of the left hypogastric ganglion. C. The rectum. D.
The left ovarium and Fallopian tube. E. The trunk of the left spermatic vein and artery surrounded by the left

spermatic gang-lion. F. The aorta divided a little above the origin of the right sperma-tic artery, and about three
inches above its division into the two common iliac arteries. G. The vena cava, H. Trunk of the right spei-matic

vein entering the vena cava. I. Right ureter. K. The two cords of the great sympathetic nerve passing down
along the front of the aorta. L. Trunk of the inferior mesenteric ai-tery, passing off from the aorta, and covered
with a great plexus of nerves sent off from the left and right cords of the great sympathetic. M. M. The two cords
of the great sympathetic passing down below the bifurcation of the aorta to the point where they separate into the
right and left hypogastric nerves. N. The right hypogastric nerve with its artery injected proceeding to the neck of

the uterus, to terminate in the right hypogastric ganglion. 0. The left hypogastric nerve where it is entering the
left hj-pogastric gauL-lion, and giving off brnnuhes to the left subperitoneal ganglion. P. Haemorrhoidal nerves
accompanying the hfemorrhoidal artery and proceeding from the great plexus which surrounded tbe inferior mesenteric
artery. Q. The sacral nerves entering the whole outer surface of the hypogastric ganglion. E. The left hypogastric
ganglion with its arteries injected. S. The nerves of the vagina. T. NeiTes with an injected arteiy proceeding
from the upper part of the left hypogastric ganglion along the body of the utenis, and terminating in the left sper-

matic ganglion. V. Continuation of these nei-ves and the branches which they give off to the subperitoneal plexuses.

V, The same nerves passing upward beneath, tbe subperitoneal plexuses, and anastomosing freely with them. "W.

The left spermatic ganglion, in which the nerves and artery from the hypogastric ganglion, and the branches of the
left subperitoneal plexuses terminate, and from which the nei-ves of the fundus uteri are supplied. S. The le^t

subperitoneal plexuses covering the body of the utems. T. The left subperitoneal ganglion, with numerous branches
of nerves extending between it and the left hypogastric nerve and ganghon. Z. The left common iliac artery cut
across and turned aside, that the left hj'pogastric nerve and ganglion might be ti-aced and exposed.



S68 SYMPATHETIC NERVE.

They accompany the vesical arteries, and are distributed at the side and base of

the bladder. Nilmeroas filaments also pass to the vesiculee seminales, and vas

deferens : those accompanying the vas deferens join, on the spermatic cord, with
branches from the spermatic plexns.

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 gland,

vesiculffi seminales, and erectile structure of the penis. The nerves 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 pudic nerve, pass for-

wards beneath the pubic arch.

The small cavernous nerves perforate the fibrous covering of the penis, near its

roots.

The large cavernous nerve passes forwards along the dorsum of the penis, joins

with the dorsal branch of the pudic nerve, and is distributed to the corpus caver-

nosum and spongiosum.

The vaginal plexus arises from the lower part of the pelvic plexus. It is lost

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 nerves arise fi'om the lower part of the hypogastric plexus, above
the point where the branches from the sacral nerves join the pelvic plexus. They
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 hypogastric plexus accompany the uterine arteries into the

substance of the uterus. Upon these filaments ganglionic enlargements are

found.

For a detailed account of the supply of nerves to the uterus, and for a description of

the changes which these nerves and their ganglia undergo during pregnancy, the reader

is referred to the papers on ' The Anatomy of the Nerves of the Uterus/ published by Dr.

Eohert Lee.



Organs of Sense.

THE organs of the senses are five in number, viz., those of touch, of taste, of

smell, of hearing, and of sight. The skin, which is the principal seat of the

sense of touch, has been described in the Introduction.

The Tongue.

The Tongue is the organ of the special sense of taste. It is situated in the

floor of the mouth, in the interval between the two lateral portions of the body of

300.—Upper Sm-face of the Tongue.

TlUf.,

y)l.-~T&e 3 /chiefs uf P fi P ILIK. maffilipet^

!•unciform

the lower jaw. Its base, or root, is directed backwards, and connected with the

OS hyoides by numerous muscles, with the epiglottis by^ three folds of mucous
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membrane, which form the glosso-epiglottio ligaments, and with the soft palate and
pharynx by means of the anterior and posterior pillars of the fauces. Its apex or

tip, thin and narrow, is directed forwards against the inner surface of the lower

incisor teeth. The under surface of the tongue is connected with the lower jaw by
the Genio-hyo-glossi muscles ; from its sides, the mucous membrane is reflected to

the inner surface of the gums ; and, in front, a distinct fold of that membrane, the

frceimm linguce, is formed beneatli its under surface.

The tip of the tongue, part of its under surface, its sides, and dorsum, are

free.

The dorsum of the tongue is convex, marked along the middle line by a raphe,

which divides it into two symmetrical halves ; and this raphe terminates behind,

about half an inch from the base of the organ, a little in front of a deep mucous
follicle, the foramen caecum. The anterior two-thirds of this surface are rough
and covered with papillas ; the posterior third is more smooth, and covered by the

projecting orifices of numerous muciparous glands.

The mucous memhraue invests the entire extent ofthe free surface of the tongue.

On the under surface of the organ it is. thin and smooth, and may be traced on

either side of the frasnum, through the ducts of the submaxillary glands ; and
between the sides of the tongue and the lower jaw, through the ducts of the sub-

lingual glands. As it passes over the borders of the organ, it gradually assumes

its papillary character.

The mucous mernbrane of the tongus consists of structures analogous to those

of the skin, namely, a cutis or corium, supporting numerous iiapillcB, and covered, as

well as the pa.pillse, with epitlieliuni.

The cutis is tough, but thinner and less dense than in most parts of the skin,

and is composed of similar tissue. It contains the ramifications of the numerous
vessels and nerves from which the papillee are supplied, and afibrds insertion to all

the intrinsic muscular fibres of the organ.

' The papillaa of the tongue are thickly distributed over the whole of its upper

surface, giving to it its characteristic roughness. They are more prominent than

those of the skin, standing out from the surface like the villi of the intestine.

The principal varieties are the papillce maximse (circumvallatfe), papillse medite

(fungiformes), and papillae minimse (conicce or filiformes).

The pajiiUce maximce (circumvallatre) are of large size, and vary from eight to

ten 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, like the two lines of the letter V inverted. Each papilla

consists of a central flattened projection of mucous membrane, circular in form,

from
-/o-

to jV of an inch wide, attached to the bottom of a cup-shaped depression

of the mucous membrane ; the exposed part being studded with numerous small

papillae, which, however, are covered by a smooth layer of the epithelium. The
cup-shaped depression forms a kind of fossa round the papilla, having a circular

margin of about the same elevation, covered with smaller papillse. The fissure

corresponding to the papilla, which is situated at the junction of the two lines

of the circumvallate papillas, is so large and deep, that the Tia,vae foravien ccecum

has been applied to it. In the smaller papillae, the fissure exists only on one

side.

The papillae mediae (fungiformes), more numerous than the preceding, are

scattered irrsgularly and sparingly over the dorsum of the tongue ; but are found

chiefly at its sides and apex. They are easily recognised, among the other

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 papillce viinimce (conicse—filiformes) 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
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papillte cii'CumvallatEe ; excepting at the apex of the organ, where their direction

is transverse. The filiform papillas are of a -whitish tint, owing to the thickness

and density of their epithelium ; they are covered with numerous secondary papillse,

are firmer and more elastic than the papill» of mucous membrane generally, and

often enclose minute hairs.

Simple pajjiUce, similar to those of the skin, are dispersed very unequally among
the compound forms, and exist sparingly on the surface of the tongue behind the

circumvallate variety, buried under a layer of epithelium.

Structure of the papillcB. The papillffi apparently resemble in structure those

of the cutis, consisting of a cone-shaped projection of homogeneous 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 processes like the papillse 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

papilte circumvallatae, the nerves are numerous and of large size ; in the papillae

fungiformes they are also numerous, and terminate in a plexiform net-work, from

which brush-like branches proceed ; in the papillas filiformes, their mode of ter-

mination is uncertain. Buried in the epidermis of the papillffi circumvallatas, and

in some of the fungiformes, certain peculiar bodies called taste-corpuscles 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
are formed by two kinds of cells : the exterior, which are arranged in several layers,

being spindle-shaped ; the internal, consisting of nuclei with processes on either side,

of which the deep one is described as continuous with the terminal fibril of a nerve,

while the superficial projects as an extremely fine hair through the orifice of the

taste-corpuscle.*

Besides the papillEe, the mucous membrane of the tongue is provided with

numerous follicles and glands.

The follicles are found scattered over its entire surface, but are especially

numerous between the papillas circumvallatae and the epiglottis. Their walls con-

tain much lymphoid tissue.

The mucous glands (lingual), similar in structure to the labial and buccal, ai'e

found chiefly beneath the mucous membrane of the posterior third of the dorsum

of the tongne. There is a small group of these glands beneath the tip of the

tongue, a few along the borders of the organ, and some in front of the circumvallate

papillse projecting in the muscular substance. Their ducts open either upon the

surface, or into the depressions round the large papillse.

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 boil-

ing, when it can be detached entire : it is much thinner than in 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 they never

contain colouring matter.

The tongue consists of two symmetrical halves, separated from each other, in

the middle line, by a fibrous septum. Each half is composed of muscular fibres

arranged in various directions, containing much interposed fat, and supplied by

vessels and nerves : the entire organ is invested by mucous membrane, and a sub-

mucous fibrons stratum. The latter membrane invests the greater part of the

surface of the tongue, and into it the muscular fibres are inserted that pass to the

surface. It is thicker behind than in front, and is continuous with the sheaths of

the muscles attached to it.

The fibrons septum consists of a vertical layer of fibrous tissue, extending

throughout the entire length of the middle line of the tongue, from the base to the

* See Engelmaun, in Strieker's Handbook (New Syd. Soc.'s Trans.), vol. iii. p. 2.
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apex. It is thicker behind than in front, and occasionally contains a small fibro-

cartilage, about a quarter of an inch in length. It is well displayed by making a

vertical section across the organ. Another strong fibrous lamina, termed the hyo-

glossal membrane, connects the under surface of the base of the tongue to the body
of the hyoid bone. This membrane receives, in front, some of the fibres of the

Genio-hyo-glossi.

Each half of the tongue consists of extrinsic and intrinsic muscles. The former

have been already described ; they are the Hyo-glossus, Genio-hyo-glossus, Stylo-

glossus, Palato-glossus, and part of the Superior constrictor. The intrinsic mus-
cular fibres are described along with the Lingualis on p. 229.

The arteries of the tongue are derived from the lingual, the facial, and ascending

pharyngeal.

The nerves of the tongue are three in number in each half : the gustatory

branch of the fifth, which is distributed to the papillce at the fore part and sides

of the tongue ; the lingual branch of the glosso-pharyngeal, which is distributed

to the mucous membrane at the base and side of the tongue, and to the papillte

circumvallatas ; and the hypoglossal nerve, which is distributed to the muscular

substance of the tongue. The two former are nerves of common sensation and of

taste ; the latter is the motor nerve of the tongue.

The Nose.

The nose is the special organ of the sense of smell : by means of the peculiar

properties of its nerves, it protects the lungs from the inhalation of deleterious

gases, and 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 fossse.

The iwse is the more anterior and prominent part of the organ of smell. It is

of a triangular form, directed vertically downwards, and projects from the centre

302, 303.—Cartilag-es of the Nose.

Seitn from Iclow Side! V^le/u^

Luu^erlJat&raf C

of the face, immediately above the upper lip. Its summit, or root, is connected

directly with the forehead. Its inferior part, the base of the nose, presents two

elliptical orifices, the nostrils, separated from each other by an antero-posterior

septum, the columna. The margins of these orifices are provided with a number

of stiff hairs, or vihrissce, 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
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different individuals. Tlie dorsum terminates below in a rounded eminence, the

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

inteo-iiment, internally by mucous membrane, and supplied with vessels and

nerves.

The bony frameivorh occupies the upper part of the organ : it consists of the

nasal bones, and the nasal processes of the superior maxillary.

The cartilaginous frameivork consists of five pieces, the two upper and the two

lower lateral cartilages^ and the cartilage of the septum.

The dipper lateral cartilages are situated below the free margin of the nasal

bones ; each cartilage is flattened, and triangular in shape. Its anterior margin is

thicker than the posterior, and connected with the fibre- caiiilage of the septum.

Its posterior margin is attached to the nasal process of the superior maxillary and

nasal bones. Its inferior margin is connected by fibrous tissue with the lower

lateral cartilage : one surface is turned outwards, the other inwards towards the

nasal cavity.

The lower lateral cartilages are two thin, flexible plates, situated immediately

below the preceding, and curved

304.—Bones and Cartilages of Septum of Nose.

Right Side.

in such a manner as to form the

inner and outer walls of each

orifice of the nostril. The por-

tion which forms the 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

outer extremity, free, rounded,

and projecting, forms, with the

thickened integument and sub-

jacent tissue, the lobe of the

nose. The part which forms

the outer wall is curved to cor-

respond with the ala of the

nose: it is oval and flattened,

narrow behind, where it is con-

nected 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 septum ; below, it is separated from the margin of

the nostril by dense cellular tissue ; and in front, it forms, with its fellow, the

prominence of the tip of the nose.

The cartilage of the septum is somewhat triangular iu form, thicker at its margins

than at its centre, and completes the separation between the nasal fossee in front.

Its anterior margin, thickest above, is connected from above downwards with the

nasal bones, the front part of the two upper latei'al 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.

These various cartilages are connected to each other, and to the bones, by a tough

fibrous membrane, the perichondrium, which allows the utmost facility of move-

ment between them.

The muscles of the nose are situated immediately beneath the integument

:

they are (on each side) the Pyramidalis nasi, the Levator labii superioris alasque

nasi, the Dilatator naris, anterior and posterior, the Compressor nasi, the Com-



574 ORGANS OF SENSE,

pressor narium minor, and the Depressor ate nasi. They have been described

above (p. 214).

The integument 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 alffi 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 vnwoiis membrane, lining the interior of the nose, is continuous with the

skin externally, and with that which lines the nasal fossaa within.

The arteries of the nose are the lateralis nasi, from the facial, and the nasal artery

of the septum, from the superior coronary, which supplies the alee and septum ; the

sides and dorsum being supplied from the nasal branch of the ophthalmic and the

infraorbital.

The veiiis of the nose terminate in the facial and ophthalmic.

The nerves of the nose are branches from the facial, infraorbital, and infra-

troohlear, and a filament from the nasal branch of the ophthalmic.

Nasal Foss^.

The nasal fossse 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 boun-
daries of these cavities, and the openings which are connected with them, as they

exist in the skeleton, have been already described (pp. 72-74).

The mucous membrane lining the nasal fossas is called the pituitary, from the

nature of its secretion ; or Schneiderian, 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

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
maxillare, through the several openings in the meatuses. The mucous membrane
is thickest, and most vascular, over the turbinated bones. It is also thick over

the septum ; but, in the intervals between the spongy bones, and on the floor of

the nasal fossse, it is very thin. Where it lines the various sinuses and the antrum
maxillare, it is thin and pale.

The surface of the membrane is covered with a layer of tesselated epithelium,

at the upper part of the nasal fossae, corresponding with the distribution of the

olfactory nerve, but is ciliated throughout the rest of its extent, excepting near

the aperture of the nares.

This membrane is also provided with a nearly continuous layer of branched

mucous glands, the ducts of which open upon its surface. They are most nume-
rous at the middle and back parts of the nasal fossas, and largest at the lower and

back part of the septum.

Owing to the great thickness of this membrane, the nasal fossae are much nar-

rower, and the turbinated bones, especially the lower ones, appear larger and more

prominent than in the skeleton. From the same circumstance, also, the various

apertures communicating with the meatuses are either narrowed or 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.

In the middle meatus, the opening of the infundibulum is partially hidden by
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a projecting fold of mucous membrane, and the oriQce of the antrum is contracted

to a small circular aperture, much naiTOwer than in the skeleton.

In the inferior meatus, the orifice of the nasal duct is partially hidden by either

a single or double valvular mucous fold, and the anterior palatine canal either

completely closed in, or a tubular oul-de-sac of mucous membrane is continued a

short distance into it.

In the roof, the opening leading to the sphenoidal sinus is narrowed, and the

apertures in the cribriform plate of the ethmoid completely closed in.

The arteries of the nasal fossce are the anterior and posterior ethmoidal, from,

the ophthalmic, which supply the ethmoidal cells, frontal sinuses, and roof of the

nose ; the spheno-palatine, from the internal maxillary, which supplies the mucous
membrane covering the spongy bones, the meatuses and septum ; and the alveolar

branch of the internal maxillary, which supplies the lining membrane of the

antrum. The ramifications of these vessels form a close, plexiform network,

beneath and in the substance of the mucous membrane.

The veins of the nasal fossce form a close network beneath the mucous mem-
brane. They pass, some with the veins accompanying the spheno-palatine artery,

through the spheno-palatine foramen ; and others, through the alveolar branch,

join the facial vein ; some accompany the ethmoidal arteries, and terminate in the

ophthalmic vein ; and, lastly, a few communicate with the veins in the interior of

the skull, through the foramina

305.—Nerves of Septum of Nose. Right Side. in the cribriform plate of the

ethmoid bone, and the foramen
cascum.

The nerves are, the olfactory,

the nasal branch of the ophthal-

mic, filaments from the anterior

dental branch of the superior

maxillary, the Vidian, naso-

palatine, descending anterior

palatine, and spheno-palatine

branches of Meckel's ganglion.

The olfactory, the special

nerve of the sense of smell, is

distributed over the upper third

of the septum, and over the sur-

face of the superior and middle

spongy bones.

The nasal branch of the oph-

thalmic distributes filaments to the upper and anterior part of the septum, and
outer wall of the nasal fossas.

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 supplies the middle of the septum.

The larger, or anterior palatine nerve, supplies the middle aud lower spongy
bones.

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, supplied by vessels and nerves, and is

additionally protected in front by several appendages, such as the eyebrow, eye-

lids, &c.
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Tlie eyeball is spherical in form, having the segment of a smaller and more
prominent sphere engrafted upon its anterior part. It is from this circumstance

that the autero-posterior diameter of the eyeball, -which measures about an inch,

exceeds the transverse diameter by about a line. The segment of the larger

sphere, which forms about five-sixths of the globe, is opaque, and formed by the

sclerotic, the tunic of protection to the eyeball ; the smaller sphere, which forms

the remaining sixth, is transparent, and formed by the cornea. The axes of the

eyeballs are nearly parallel, and do not correspond to the axes of the orbits, which
are directed outwards. The optic nerves follow the direction of the axes of the

orbits, and enter the eyeball a little to their inner or nasal side. The eyeball is

composed of several investing tunics, and of fluid and solid refracting media, called

humours.

The tunics are three in number :

—

1. Sclerotic and Cornea.

2. Choroid, Iris, and Ciliary Processes.

3. Retina.

The refracting media, or humours, are also three :—

Aqueous. Crystalline (lens) and Capsule. Vitreous.

The sclerotic and cornea form the external tunic of the eyeball ; they are

essentially fibrous in structure, the sclerotic being opaque, and forming the poste-

rior five-sixths of the globe ; the cornea, which forms the remaining sixth, being

transparent.

The Sclerotic ((n.-\i;pdc, liard^ (fig. 306) has received its name from its extreme

density and hardness ; it is a firm, unyielding, fibrous membrane, serving to main-

306.—A Vertical Section of the Eyeball. (Enlarged.)

Hyaloid

tain 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 Recti and

Obhqui muscles are inserted into it, and covered, for part of its extent, by the

conjunctival membrane ; hence the whiteness and brilliancy of the front of the

eyelDall. Its mner surface is stained of a brown colour, marked by 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, it is pierced
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](y the optic nerve a little to its inner or nasal side, and is continuous with the

tibrous 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 a thin

cribriform lamina (the lamina crihrosa) ; the minute orifices in this layer serve

for the transmission of the nervous filaments, and the fibrous septa dividing them
from one another are continuous with the membranous processes which sejsarate

the bundles of nerve-fibres. One of these openings, larger than the rest, occupies

the centre of the lamella ; it is called the poms opticus, and transmits the arteria

centralis retinse to the interior of the eyeball. Around the cribriform lamella are

numerous small apertures for the transmission of the ciliary vessels and nerves.

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 upon its

inner surface.

Structure. The sclerotic is formed of white fibrous tissue intermixed with fine

elastic fibres, and fusiform nucleated cells. These are aggregated into bundles,

which are arranged chiefly in a longitudinal direction. It yields gelatin on boiling.

Its vessels are not numerous, the capillaries being of small size, uniting at long

and wide intervals. The existence of nerves in it is doubtful.

The Cornea is the projecting transparent part of the external tunic of the eye-

ball, and forms the anterior sixth of the globe. It is not quite circular, being a

little broader in the transverse than in the vertical direction, in consequence of

the sclerotic overlapping the margin above and below. 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 prominent in youth than

in advanced life, when it becomes flattened. The cornea is dense and of uniform

thickness throughout ; its posterior surface is perfectly circular in outline, and

exceeds the anterior surface slightly in extent, fi'om the latter being overlapped by
the sclerotic.

Structure. The cornea consists of five layers : namely, of a thick central fibrous

structure, the cornea proper ; in front of this is the anterior elastic lamina, covered

by the conjunctiva ; behind, the posterior elastic lamina, covered by the lining

membrane of the anterior chamber of the eyeball. The name of membrane of

Descemet is given to this posterior elastic lamina and its epithelial coating.

The proper substance of the cornea is fibrous, tough, unyielding, perfectly trans-

parent, and continuous with the sclerotic, with which it is in structure identical.

The anastomosing fusiform cells of which it is composed are arranged in super-

imposed flattened laminse, at least sixty in number, all of which have the same
direction, the contiguous laminse becoming united at frequent intervals. If the

relative position of the component parts of this tissue is in any way altered, either

by pressure or by an increase of its natural tension, it immediately presents an
opaque milky appearance. The interstices between the laminsB are tubular, and
usually contain a small amount of transparent fluid.

The anterior and posterior elastic laminae, which cover the proper structure of

the cornea behind and in front, present an analogous structure. They consist

of a hard, elastic, and perfectly transparent homogeneous membrane, of extreme
thinness, which is not rendered opaque by either water, alcohol, or acids. This

membrane is intimately connected by means of a fine cellular web to the proper

substance of the cornea both in front and behind. Its most remarkable property

is its extreme elasticity, and the tendency which it presents to curl up, or roll

upon itseK, with the attached surface innermost, when separated 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.'

The conjunctival epithelium, which covers the front of the anterior elastic

lamina, consists of two or three layers of transparent nucleated cells, the deepest

PP
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being of an oblong form and placed perpendicular to the surface, the superficial

ones more flattened.

The epithelial lining of the aqueous chamber covers the posterior surface of the

posterior elastic lamina. It consists of a single layer of polygonal transparent

nucleated cells, similar to those found lining other serous cavities.

Arteries and Nerves. The cornea is a non-vascular structure, the capillary

vessels ternunating in loops at its circumference. Lymphatic vessels have not

as yet been demonstrated in it. The nerves are numerous, twenty or thirty in

number : they are derived from the ciliary nerves, and enter the laminated sub-

stances of the cornea. They ramify throughout its substance in a delicate net-

work, and their terminal filaments have been traced by Cohnheim through the

proper substance of the cornea into the deeper layers of the epithelium.

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. A fold of the sclerotic near its

anterior part having been pinched up, an operation not easily performed, from the extreme
tension of the membrane, it should be divided with a pair of blunt-pointed scissors. As soon
as the choroid is exposed, the end of a blow-pipe should be introduced into the orifice, and a
stream of air forced into it, so as to separate the slight cellular connection between the

sclerotic and choroid. The sclerotic should now be divided around its entire circumference,

and may be removed in separate portions. The front segment being then drawn forwards,

the handle of the scalpel should he 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 gi-ooves on
the inner surface of the latter membrane.

307.—The Choroid and Iris. (Enlarged.)

Second Tunic. This is formed by the choroid behind ; the iris and ciliary pro-

cesses in front ; and by the ciliary ligament, and Ciliary muscle, at the point of

junction of the 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 ciliary processes being appendages of the choroid developed from its inner

surface in front. The iris is the circular muscular septum, which hangs vertically

behind the cornea, presenting in its centre a large circular aperture, the pupil.

The ciliary ligament and Ciliary muscle form the white ring observed at the
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point where the choroid and iris join with each other, and with the sclerotic and
cornea.

The Chnroid is a thin, highly vascular membrane, of a dark brown or choco-

late colour, which invests the posterior five-sixths of the central part of the globe.

It is pierced behind by the optic nerve, and terminates in front at the ciliary

ligament, where it bends inwards, and forms on its inner surface a series of folds

or plaitings, the ciliary processes. It is thicker behind than in front. Externally,

it is connected by a fine cellular web {jnemhrana fusca) with the inner surface of

the sclerotic. Its inner surface is smooth, and lies in contact with the retina. The
choroid, is composed of three layers, external, middle, and internal.

308.—The "Veins of the Choroid. (Enlarged.'

The external layer consists, in part, of the larger branches of the short ciliary

arteries, which run forwards between the veins before they bend downwards to

terminate on the inner surface. This coat is formed, however, principally of

veins, which are named, from their distribution, vence vorticosce. 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, which, towards the inner surface of the choroid loses its pig-

mentary character.

The middle layer consists of an exceedingly fine capillary plexus, formed by
the short ciliary vessels, and is known as the tunica Buychiana. The network

is close, and finer at the hinder part of the choroid than in front. About half an

inch behind the cornea, its meshes become larger, and are continuous with those

of the ciliary process.

The internal or pigmentary layer is a delicate membrane, consisting of a

single layer of hexagonal nucleated cells, loaded with pigment-granules, and

applied to each other, so as to resemble a tesselated pavement. Each cell contains

a nucleus, and is filled with grains of pigment, which are in greater abundance

at the circumference of the cell. In perfect albinos this epithelium contains no

pigment, nor is any present in the star-shaped cells found in the other layers of

the choroid.*

* The pigmentary layer is now often described as a portion of the Retina in consequence

of the method of its development, since it is derived from the same source as that membrane,
viz. from the primary ocular vesicle, furnished by the epiblast, while the choroid is derived

from the mesoblast.
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The ciliary processes slioiild now be examined. They may he exposed, either h}' detaching
the iris from its connection with the cihary ligament, or by making a transverse section of

the globe, and examining them from behind.

Tlie Ciliary processes are formed by the plaiting and folding inwards of the

middle and internal layers of the choroid, at its anterior margin, and are received

between corresponding foldings of the suspensory ligament of the lens, thus

establishing a communication between the choroid and inner tunic of the eye.

They are arranged in a circle, behind the iris, round the margin of the lens.

They vary between sixty and eighty in number, lie side by side, and may be

divided into large and small ; the latter, consisting of about one-third of the entire

number, are situated iu the spaces between the former, but without regular alter-

nation. The larger processes are each about one-tenth of an inch in length, and

309.—The Arteries of the Choroid and Iris.

The Sclerotic has been mostly removed. (Enlarged.)

Ciliary AM

hemispherical in sbape, their periphery being attached to the ciliary ligament, and
continuous with the middle and inner 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 it is con-

tinuous. The posterior surface is closely connected with the suspensory ligament

of the lens.

Structure. The ciliary processes are similar in structure to the choroid : the

vessels are larger, having chiefly a longitudinal direction. Externally, they are

covered with several layers of pigment-cells ; the component cells are small,

rounded and fall of pigment-grannies.

The Iris {iris, a rainbow) has received its name from its various colours in

different individuals. It is a thin, circular- shaped, contractile curtain, suspended

in the aqueous humour behind the cornea, and in front of the lens, being per-

foi-ated at 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 ciliaBy ligament, by which it is connected to

the sclerotic and cornea ; its inner edge forms the margin of the pupil, its sur-

faces are flattened, and look forwards and backwards, the anterior surface towards

the cornea, the posterior towards the ciliary processes and lens. The circumference

of the iris is connected to the cornea by a reticular structure denominated the

ligamentum peetinatum iridis. This is a modification of the membrane of Descemet,

with which it is continuous. Its fibres cross the outer part of the anterior

chamber, forming a kind of canal (the canal of Fontana) which is occuijied by the

reticulating fibres of the ligament. The anterior surface of the iris is variously
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coloured in different individuals, and marked by lines whicli converge towards the

pupil. The posterior surface is of a deep purple tint, from being covered by
dark pigment ; it is hence named uvea from its resemblance in colour to a ripe

grape.

Structure. The iris is composed of a fibrous stroma, muscular fibres, and

pigment-cells.

The fibrous stroma consists of fine, delicate bundles of fibrous tissue, which have

a circular direction at the circumference ; but the chief mass radiate towards the

pupil. They form, by their interlacement, a delicate mesh, in which the pigment-

cells, vessels, and nerves are contained.

The muscular fibre is involuntary, and consists of circular and radiating fibres.

The circular fibres (sphincter of the pupil) surround the margin of the pupil on

the posterior surface of the iris, like a sphincter, forming a narrow band, about

one-thirtieth of an inch in width ; those near the free margin being closely

ao-gregated ; those more external somewhat separated, and forming less complete

circles. The radiating fibres (dilator of the pupil) converge from the circum-

ference towards the centre, and blend with the circular fibres near the margin of

the pupil.

The jpigment-cells are found in the stroma of the iris, and also as a distinct

layer on its anterior and posterior surfaces. In the stroma, the cells are ramified,

and contain yellow or brown pigment, according to the colour of the eye. On the

front of the u'is, there is a single layer of oval or rounded cells, with branching

offsets. On the back of the iris, there are several layers of small round cells,

filled with dark pigment. This layer is continuous with the pigmentary covering

of the ciliary processes.

The arteries of the iris are derived from the long and anterior ciliary, and from

the vessels of the ciliary processes.

ilevibrana pupillaris. In the foetus, the pupil is closed by a delicate, trans-

parent, vascular membrane, the membrana pupillaris, which divides the space in

which the iris is suspended into two distinct chambers. This membrane contains

numerous minute vessels continued from the margin of the iris to those on the front

part of the capsule of the lens. These vessels have a looped arrangement, converg-

ing 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 ligam.ent is a narrow ring of circular fibres, about one-fortieth of

an inch thick, and of a whitish colour : it serves to connect the external and

middle tunics of the eye. It is placed around the circumference of the iris, at its

point of connection with the external layer of the choroid, the cornea, and

sclerotic. Its component fibres are delicate, and resemble those of elastic tissue.

At its point of connection with the sclerotic a minute canal is situated between

the two, called the sinus circularis iriclis.

The Giliary o/iuscle (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. Its fibres are soft, of a yellowish-white colour, longitu-

dinal in direction, and arise at the point of junction of the cornea and sclerotic.

Passing backwards, they are attached to the choroid, in front of the retina, and

correspond by their inner surface to the plicated part of the former membrane.

Internal to the radiating fibres, and to some extent unconnected with them, are

bands of circular fibres, sometimes called the ' ring muscle ' of Miiller. The Cilia.ry

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

its compressing the vitreous body and so causing the lens to advance ; but the

view which now prevails is that the contraction of the muscle by drawing on the

ciliary processes compresses the lens, increasing the curvature of its anterior



582 ORGAN'S OP SENSE.

surface, and causing the iris to advance. The pupil is at the same time slightly

contracted.*

The Retina may be exposed by cai'efully removing the choroid from its external

surface. It is a delicate nervous membrane, upon the surface of which the images
of external objects are received. Its outer surface is in contact with the pigmentary
layer of the choroid ; its inner surface with the vitreous body. Behind, it is con-

tinuous with the optic nerve ; it gradually diminishes in thickness from behind

forwards ; and, in front, extends nearly as far forwards as the ciliary ligament,

where it terminates by a jagged margin, the ora serrata. It is soft, and semi-

transparent, in the fresh state; but soon becomes clouded, opaque, and of a pinkish

tint. Exactly in the centre of the posterior part of the retina, and at a point

corresponding to the axis of the eye, in which the sense of vision is most pei-fect,

is a round, elevated, yellowish spot, called, after its discoverer, the yellow spot or

limbus luteus, of Sommerring ; having a central depression at its summit, the fovea

centralis. The retina in the situation of the fovea centralis is exceedingly thin ; so

much so, that the dark colour of the choroid is distinctly seen through it ; so that

it presents more the appearance of a foramen, and hence the name 'foramen of

Sommerring ' at first given to it. It exists only in man, the quadrumana, and some
saurian reptiles. Its use is unknown. About one-tenth of an inch to the inner side

of the yellow spot, is the point of entrance of the optic nerve ; the arteria centralis

retinse piercing its centre. This is the only part of the surface of the retina fi'om

which the power of vision is absent.

310.—The Arteria Centralis Retiuae, YeUow Spot, etc.,

the anterior Half of the Eyeball beiug removed. (Enlarged.)

Structure. The retina is composed of three layers, together with blood-vessels

:

External or columnar layer (Jacob.'s membrane).
Middle or granular layer.

Internal or nervous layer.

The blood-vessels do not form a distinct layer ; they ramify in the substance of
the internal layer, extending, however, as far as the internal granular stratum of

the middle layer. .

The external, or JacoVs membrane, is exceedingly thin, and can be detached
from the external surface of the retina by the handle of the scalpel, in the form
of a flocculent film. It is thicker behind than in front, and consists of rod-like

bodies of two kinds : i. Columnar rods, solid, nearly of uniform size, and arranged

* See explanation and diagram in Power's ' Illustrations of some of the Principal Diseases
of the Eye,' p. 590.
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perpendicularly to the surface. 2. Bulbousparticles, or cones, which are interspersed

at regular intervals among the former ; these are conical or flask-shaped, their

broad ends resting upon the membrana limitans externa, the narrow pointed

extremity being turned towards the choroid ; they are not solid, like the columnar

rods, but consist of an external membrane with fluid contents. By their deep

ends, both kinds are joined to the fibres of Miiller. The layer of the rods and

cones is separated fi'om the granular layer of the retina by a transparent structure-

less cribriform membrane, the memibrana limiians externa.

311-
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Vertical sections of the human retina. Fig. 311

close to the latter, i. Layer of rods and cones {columih

2. External granulai- layer. 3. Intergraniilar layer,

the fzangiion-cells. 7. Expansion of optic fibres. 8. Sustentacula! fibi

memhrana limitans interna.

half an inch ficm I ^ i 1 the optic nerve. Fig. 312
/• layer), hounded undcincathb^ the Memdfana limitaiu externa.

4. Internal granular layer 5 Molecular layer 6. Layer of
of Muller g Then: attachment to the

The middle or granular layer forms about one-third of the entire thickness of

the retina. It consists of two laminse of rounded or oval nuclear particles, sepa-

rated from each other by an intermediate (intergranular) lamina, which is trans-

parent, finely fibrillated, and contains no blood-vessels. The outermost lamina is

the thicker, and its constituent particles are globular. These particles are in con-

nection with the bases of the rods and cones by fibres passing through the mem-
brana limitans externa, and are therefore divided into ' rod-granules ' and ' cone-

granules.' The innermost lamina is the thinner ; its component particles are

flattened, looking like pieces of money seen edgeways ; hence it has been called,

by Bowman, the nummular layer. Examined more closely these cells are seen to be

bipolar, i.e. each sends off a fine process outwards through the intergranular layer,

and another inwards through the molecular layer to reach the expansion of the

optic nerve.

The internal or nervous layer is a thin semitransparent membrane, consisting

essentially of an expansion of the terminal fibres of the optic nerve and nerve-cells.

This layer is subdivided into three. The most external is the molecular, ot: finely

granular layer, presenting, as described by Trey, very much the appearance of

the delicate molecular matter found in the grey substance of the brain and spinal

cord. The fibres of the nervous layer below pass through this layer probably to

be continuous with the nuclei of the rods and cones. Internal to the molecular

layer is the layer of the ganglion-cells or cellular layer. These are multipolar

cells, similar to those of other nervous centres, and the processes from them pass

on the one hand to the molecular layer, and on the other to the fibrous layer, or
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expansion of the optic nerve. This gangiionic layer is deepest at the macula lutea.

Finally, lying on the membrana limitans interna is the fibrous layer or proper

expansion of the optic nerve. The nerve-fibres which form this layer differ from
the fibres of the optic nerve in this respect : they lose their dark outhne, and their

tendency to become varicose ; and consist only of the central part, or axis, of the

nerve-tnbes. The mode of termination of the nerve-fibres is unknown. According

to some observers, they terminate in loops; according to others, in free extremities.

Recent observers have stated that some of the nerve-fibres are continuous with the

caudate prolongations of the nerve-cells external to the fibrous layer.

An extremely thin and delicate structureless membrane lines the inner surface

of the retina, and separates it from the vitreous body ; it is called the memlrana
limitans interna.

The radiating fibres of the retina, described by Heinrich Miiller, consist of

extremely fine fibrillated threads, which are connected externally with each of the

rods of the columnar layer, of which they appear to be direct continuations, and,

passing through the entire substance of the retina, are united to the outer surface

of the membrana limitans interna. In their course through the retina, they be-

come connected with the nuclear particles of the granular layer, or (as described by

Schultze) nuclei exist in the fibres in this situation, and they give off branching

processes most easily demonstrated in the granular layer, by means of which they

communicate with each other ; as they approach the fibrous expansion of the optic

nerve, they are collected into bundles, which pass through the areolte between its

fibres, and are finally attached to the inner surface of the membrana limitans interna,

where each fibre terminates in a triangular enlargement.

The arteria centralis retince and its accompanying vein pierce the optic nerve,

and enter the globe of the eye through the porus opticus. It immediately divides

into four or five branches, which at first run between the hyaloid membrane and

the nervous layer ; but they soon enter the latter membrane, and form a close

capillary network in its substance. At the ora serrata, they terminate in a single

vessel which bounds the terminal margin of the retina.

The structure of the retina at the yellow spot presents some modifications.

Jacob's membrane is thinner, and of its constituents only the cones are present

;

but they are small, and more closely aggregated than in any other part. The

granular layer is absent over the fovea centralis. Of the two elements of the

nervous layer, the nerve-fibres extend only to the circumference of the spot ; but

the nerve-cells cover its entire surface. The radiating fibres are found at the

circumference, and here only extend to the inner strata of the granular layer.

Of the capillary vessels, the larger branches pass round the spot ; but the smaller

capillaries meander through it. The colour of the spot appears to imbue all the

layers, except Jacob's membrane ; it is of a rich yellow, deepest towards the centre,

and does not appear to consist of pigment-cells, but resembles more a staining of

the constituent parts.

Hdmouks of the Eye.

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 weight), 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 and ciliary Ligament.

The posterior clw.mber, smaller than the anterior, is bounded in front by the

iris ; behind, by the capsule of the lens and its 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 two chambers are quite separate.
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It lias been generally suppoised that the two chambers are lined by a distinct

membrane, the secreting membrane of the aqueous humour, analogous in structure

to that of a serous sac. An epithelial covering can, however, only be found on

the posterior surface of the cornea. That the two chambers do, however, secrete

this fluid separately, is shown by its being found in both spaces before the removal

of the membrana pupillaris. It is probable that the parts concerned in the secre-

tion of the fluid, are the posterior surface of the cornea, both surfaces of the iris,

and the ciliary processes.

ViTKEons Body.

The vitreous hocly forms about four-fifths of the entire globe. It fills the

concavity of the retina, and is hollowed in front for the reception of the lens and

its capsule. It is perfectly transparent, of the consistence of thin jelly, and

consists of an albuminous fluid enclosed in a delicate transparent membrane, the

hyaloid. This membrane invests the outer surface of the vitreous body ; it is

intimately connected in front with the suspensory ligament of the lens ; and 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 lamellES are prolonged

inwards in a radiating manner, forming spaces in which the fluid is contained.

In the adult, these lamella cannot be detected even after careful microscopic

examination ; but in the foetus a peculiar fibrous texture prevades the mass, the

fibres joining at numerous jooints, and presenting minute nuclear granules at their

point of junction. The fluid from the vitreous body resembles nearly pure water;

it contains, however, some salts, and a little albumen.

In the foetus, the centre of the vitreous humour presents a tubular canal,

through which a minute artery passes along the vitreous body to the capsule of

the lens. In the adult, no vessels penetrate its substance ; so that its nutrition

must be carried on by the vessels of the retina and ciliary processes, situated upon
its exterior.

Crystalline Leks and its Capsule.

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,

wliich slightly overlap its margin.

The capsule of tlie lens is a transparent, highly elastic, and brittle membrane,

which closely surrounds the lens. It rests, behind, in a depression in the fore part

of the vitreous body ; in front, it forms part of 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

laminee of the cornea. The lens is connected to the inner surface of the capsule

by a single layer of transparent, polygonal, nucleated cells. These, after death,

absorb moisture from the fluids of the eye ; and, breaking down, form the liqtwr

Morgagni.

In the fojtus, a smaU branch from the arteria centralis retinse runs forwards, as

already mentioned, through the vitreous humour to the posterior part of the cap-

sule of the lens, where its branches radiate and form a plexiform network, which

covers its 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 adult no

vessels enter its substance.

The lens is a transparent, double-convex body, the convexity being greater on

the posterior than on the anterior surface. It measures about a third of an inch

in the transverse diameter, and about one-fourth in the antero-posterior. It con-

sists of concentric layers, of which the external in the fresh state ai-e soft and

easily detached ; those beneath are firmer, the central ones forming a hardened

nucleus. These laminas are best demonstrated by boiling, or immersion in alcohol.
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Tke same re-agents demonstrate that the lens consists of three triangular seg-

ments, the sharp edges of which are directed towards the centre, the bases towards

the circumference. The laminae consist of

minute parallel fibres, which are hexagonal 313.—The Crystalline Lens,

prisms, the edges being dentated, and the denta- hardened and divided,

tions fitting accurately into each other ; their ^ ° ''

breadth is about ^^^'jroth of an inch. They run

from the pole on one side of the lens to the

equator on the other, so that the fibres which

are longest in front are shortest behind and vice

versa. There are also other fibres, which are

found chiefly in the equatorial region and at

the surface of the lens, which present nuclei,

and are of a flattened form. Their nuclei form

a layer (nuclear layer) on the surface of the

lens, most distinct towards its circumference.

The meridians, or lines of junction of the three

segments, are formed of an amorphous granular substance, which sometimes be-

comes opaque, when the lines are seen forming a distinct star on the lens.

The changes produced in the lens hy age, are the following :

—

In the fmtus, 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 the adult, the posterior surface is more convex than the anterior ; it is

colourless, transparent, and firm in texture.

In old age, it becomes flattened on both surfaces, slightly opaque, of an amber
tint, and increases in density.

The . suspensory ligament of the lens is a thin, transparent, membranous struc-

ture, placed between the vitreous body and the ciliary processes of the choroid

;

it connects the anterior margin of the retina with the anterior surface of the lens

near its circumference. It assists in retaining the lens in its position. Its outer

surface presents a number of folds or plaitings, in which the corresponding folds

of the ciliary processes are. received. These plaitings are arranged round the

lens in a radiating form, and are stained by the pigment of the ciliary processes.

The suspensory ligament consists of two layers, which commence behind at the

ora serrata. The external, a tough, milky, granular membrane, covers the inner

surface of the ciliary processes,- and extends as far forwards as their anterior

free extremities. The inner layer, an elastic, transparent, fibro-membranous

structure, extends as far forwards as the anterior surface of the capsule of the

lens, near its circumference. That portion of this membrane which intervenes

between the ciliary processes and the capsule of the lens, forms part of the boun-

dary of the posterior chamber of the eye. The posterior surface of this layer is

turned towards the hyaloid membrane, being separated from it at the circumference

of the lens by a space called the canal of Petit.

The canal of Petit is above one-tenth of an inch wide. It is bounded in front

by the suspensory ligament ; behind, by the hyaloid membrane, 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 Vessels of the globe of the eye are the short, long, and anterior ciliary

arteries, and the arteria centralis retinse. '

The short ciliary arteries pierce the back part of the sclerotic, round the

entrance of the optic nerve, and divide into branches which run parallel with the

axis of the eyeball : they are distributed to the middle layer of the choroid, and to

the ciliary processes.

The long ciliary arteries, two in number, pierce the back part of the sclerotic,

and run forward, between that membrane and the choroid, to the Ciliary muscle,

where they each divide into an upper and lower branch ; these anastomose.



APPENDAGES OF THE EYE. 587

and form a vascular circle round tlie outer circumference of the iris ; from this

circle branches are given off, which unite, near the margin of the pupil, in a

smaller vascular circle. These branches, in their course, supply the muscular

structure.

The anterior ciliary arteries, five or sis in number, are branches of the muscular

and lachrymal branches of the ophthalmic. They pierce the eyeball, at the ante-

rior part of the sclerotic, immediately behind the margin of the cornea, and are

distributed to the ciliary processes, some branches joining the greater vascular

circle of the iris.

The arteria centralis retincB has been already described.

The veins, usually four in number, are formed mainly by branches from the

surface of the choroid. They perforate the sclerotic, midway between the cornea

and the optic nerve, and end in the ophthalmic vein.

The nerves of the eyeball, are the optic, the long ciliary nerves from the nasal

branch of the ophthalmic, and the short ciliary nerves from the ciliary ganglion.

Appendages of the Eye.

The appendages of the eye (tutamina oculi), include the eyebrows, the eyelids,

the conjunctiva, and the lachrymal apparatus, viz., the lachrymal gland, the

lachrymal sac, and the nasal duct.

The eyebroivs (supercilia) are two arched eminences of integument, which sur-

mount the upper circumference of the orbit on each side, and support numerous
short, thick hairs, directed obliquely on the surface. In structure, the eyebrows

consist of thickened integument, connected beneath with the Orbicularis palpe-

brarum, Corrugator supercilii, and Ocoipito-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 (palpehrce) are two thin, moveable folds, placed in front of the

eye, protecting it from injury by their closure. The upper lid is the larger,

and the more moveable of the two, and is furnished with a separate elevator

muscle, the Levator falpebree superioris. When the eyelids are opened, an

elliptical space (fissura pal-pehraruwi) is left between their margins, the angles

of which correspond to the junction of the upper and lower lids, and are called

canthi.

The outer canthus is more acute than the inner, and the lids here lie in close

contact with the globe : but the inner canthtis 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 pwictum lachrymale,

the commencement of the lachrymal canal.

Strtietiire of the eyelids. The eyelids are composed of the following structures,

taken in their order from without inwai'ds :

—

Integument, areolar tissue, fibres of the Orbicularis muscle, tarsal cartilage,

fibrous membrane. Meibomian glands, and conjunctiva. The upper lid has, in

addition, the aponeurosis of the Levator palpebras.

The integument is extremely thin, and continuous at the margin of the lids with

the conjunctiva.

The subcutaneous areolar tissue is very lax and delicate, seldom contains any fat,

and is extremely liable to serous infiltration.

The fibres of the Orbicularis muscle, where they cover the palpebrse, are thin,

pale in colour, and possess an involuntary action.

The tarsal cartilages are two thin elongated plates of fibro-cartilage, about an

inch in length. They are placed one in each lid, contributing to their form and

support.

The superior, the larger, is of a semilunar form, about one-third of an inch in
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breadth at the centre, and becoming gradually narrowed at each extremity. Into

the upper border of this cartilage the aponeurosis of the Levator palpebras is

attached.

The inferior tarsal cartilage, the smaller, is thinner, and of an elliptical form.

The free,^or ciliary margin of the cartilages is thick, and presents a perfectly

straight edge. The attached, or orbital margin, is connected to the circumference

of the orbit by the fibrous membrane of the lids. The outer angle of each carti-

lage is attached to the malar bone by the external palpebral or tarsal ligament.

The inner angles of the two cartilages terminate at the commencement of the lacus

lachrymalis, being fixed to the margins of the orbit by the tendo oculi.

The fibrous memhrane of the lids, or tarsal ligament, is a layer of fibrous

membrane, beneath the Orbicularis, attached, externally to the margin of the

orbit, and internally to the orbital margin of the lids. It is thick and dense at

the outer piart of the orbit, but becomes thinner as it approaches the cartilages.

This membrane serves to support the eyelids, and retains the tarsal cartilages in

their position.

314.—The Meibomian Glands, etc., seen from the Inner Siu-face

of the Eyelids.

The Meibomian gla/nds (fig. 314) are situated upon the inner surface of the

eyelids, between the tarsal cartilages 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 car-

tilage, and somewhat fewer in the lower. They are embedded in grooves in the

inner surface of the cartilages, and correspond in length with the breadth of each

cartilage ; 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. These glands are a variety of the cutaneous

sebaceous glands, each consisting of a single straight tube or follicle, having a

csecal termination, into which open a number of small secondary follicles. The
tubes consist of basement membrane, covered by a layer of scaly epithelium ; the

cells are charged with sebaceous matter, which constitutes the secretion. The
peculiar parallel arrangement of these glands side by side forms a smooth layer,

adapted to the surface of the globe, over which they constantly glide. The use of

their secretion is to prevent adhesion of the lids.

The eyelashes (cilia) are attached to the free edges of the eyelids ; they are

short, thick, curved hairs, arranged in a double or triple row at the margin of the

lids : those of the upper lid, more numerous and longer than the lower, curve

upwards ; those of the lower lid curve downwards, so that they do not interlace in

closing the Hds.
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The conjunctiva is the nmcous membrane of the eye. It lines the inner surface

of the eyelids, and is reflected over the fore part of the sclerotic and cornea. In

each of these situations, its structure presents some peculiariiies.

The iMlpehral portion of the conjunctiva is thick, opaque, highly vascular, and

covered with numerous papillas, which, in the disease called granular lids, become

greatly hypertrophied. At the margin of the lids, it becomes continuous with

the lining memljrane of the ducts of the Meibomian glands, and through the

lachrymal canals, with the lining membrane of the lachrymal sac and nasal duct.

At the outer angle of the upper lid, it may be traced along the lachrymal ducts into

the lachrymal gland ; and at the inner angle of the eye, it forms a semilunar fold,

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 former

being the deeper of the two. Upon the sclerotic, the conjunctiva is loosely con-

nected to the globe : it becomes thinner, loses its papillary structure, is transparent,

and only slightly vascular in health. Upon the cornea, the conjunctiva is ex-

tremely thin and closely adherent, and no vessels can be traced into it in the adult

in a healthy state. In the fcetus, fine capillary loops extend, for some little distance

forwards, into this membrane ; but in the adidt, they pass only to the circumference

of the cornea. The deeper parts of the palpebral conjunctiva present, according

to Henle, a considerable proportion of lymphoid tissue. Lymphatics arise in the

conjunctiva in a delicate zone around the cornea, from which the vessels run to

the ocular conjunctiva.

Mucous glands are described by Henle in the palpebral sinus, chiefly on the

upper lid, and glands called ' trachoma glands,' which are analogous to the lyna-

phoid follicles, and have the same relation to the lymph-spaces already spoken of.

A large patch of these, strongly resembling one of Peyer's patches, is described by
Prey as found in the under eyelid of the ox. Tactile corpuscles are found in the

epithelium of the conjunctiva of the eyelids, and ' beaker-cells ' have been described

there.

The caruncida lachrymalis is a small, reddish, conical-shaped body, situated at

the inner canthus of the eye, and filling up the small triangular space in this

situation, the lacus lachrymalis. It consists of a cluster of follicles similar in

structure to the Meibomian, covered with mucous membrane, and is the source of

the whitish secretion which constantly collects at the inner angle of the eye. A
few slender hairs are attached to its surface. On the outer side of the caruncula

is a slight semilunar fold of mucous membrane, the concavity of which is directed

towards the cornea : it is called the jilica semilunaris. Between its two layers is

found a thin plate of cartilage. This structure is considered to be the rudiment

of the third eyelid in birds, the memhrana nictitans.

Lachrymal Appaeatds. (Pig. 315.)

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 the convexity of the eyeball, and
upon the Superior and External recti muscles. Its vessels and nerves enter its

posterior border, whilst its anterior margin is closely adherent to the back part of

the upper eyelid, and is covered, on its inner surface, by a reflection of the con-

junctiva. This margin is separated from the rest of the gland by a single depres-

sion, hence it is sometimes described as a separate lobe, called the palpehral portion

of the gland. In structure and general appearance the lachrymal resembles the
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salivary glands. Its ducts, about seven in number, run obliquely beneatb the

mucous membrane for a short distance, and separating from each other, open by a

series of minute oriiices on the upper and outer half of the conjunctiva, near its

reflection on to the globe. These orifices are arranged in a row, so as to disperse

the secretion over the surface of the membrane.

The lachrymal canals commence at the minute orifices, puncta laclirymalia, seen

on the margin of the lids, at the outer extremity of the lacus laohrymalis. They
commence on the summit of a slightly elevated papilla, \Xie papilla laehrymalis, and

lead into minute canals, the canalictdi, which proceed inwards to terminate in the

lachrymal sac. The superior canal, the smaller and longer of the two, at first

ascends, and then bends at an acute angle, and passes inwards and downwards to

the lachrymal sac. The inferior canal at first descends, and then, abruptly changing

its course, passes almost horizontally inwards. They are dense and elastic in

structure, and somewhat dilated at their angle.

315.—The Lachrymal Apparatus. Eight Side.

The laelirymal 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

superior maxillary. It is oval in form, its upper extremity being closed in and

rounded, whilst below it is continued into the nasal duct. It is covered by the

Tensor tarsi muscle and by a' fibrous expansion derived from the tendo oculi, which

is attached to the ridge on the lachrymal bone. In structure it consists of a fibrous

elastic coat, lined internally by mucous membrane : the latter being continuous,

through the canaliculi, 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

length, 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

with an imperfect valve 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 pituitary lining of the nose. In

the canaliculi, this membrane is provided with scaly epithelium ; but in the

lachrymal sac and nasal duct, the epithelium is ciliated as in the nose.

The Ear.

The organ of hearing has three parts : the external ear, the middle ear or tym-

panum, and the internal ear or labyrinth.
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316.- -The Pinna, or Auricle.

Outer Surface.

The external ear consists of an expanded portion named pinna, or auricle, and
the auditory canal, or meatus. The former serves to collect the vibrations of the

air by which sound is produced, and the latter conducts those vibrations to the

tympanum.
The pinna or auricle (fig. 316), is formed by a layer of cartilage, covered

with integument, and connected to the commencement of the auditory canal : it is

of an ovoid form, its surface uneven, with its larger end directed upwards. Its

outer surface is irregularly concave, directed slightly forwards, and presents

numerous eminences and depressions which result from the foldings of its fibro-

cartilaginous element. To each of these names have been assigned. Thus, the ex-

ternal prominent rim of the auricle is called

the helix. Another curved prominence
parallel with, and in front of the helix, is

called the antihelix ; this bifurcates above, so

as to enclose a triangular depression, the fossa

of the antihelix. The narrow curved de-

pression between the helix and antihelix

is called the fossa of the helix (fossa inno-

ininata, 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 project-

ing 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, resembling a

goat's beard. Opposite the tragus, and se-

parated from it by a deep notch (incisura

intertragica) , is a small tubercle, the anti-

tragtis. Below this is the lobule, composed

of tough areolar and adipose tissue, wanting the firmness and elasticity of the rest

of the pinna.

Struottire of the pinna. The pinna is composed of a thin plate of yellow carti-

lage, covered with integument, and connected to the surrounding parts by ligaments,

and a few muscular fibres.

The integument is thin, closely adherent to the cartilage, and furnished with

sebaceous glands, which are most numerous in the concha and scaphoid fossa.

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. It presents several intervals or fissures in its substance,

which partially separate the different parts. The fissure of the helix is a short

vertical slit, situated at the fore part of the pinna, immediately behind a small

conical projection of cartilage, opposite the first curve of the helix (process of the

helix). Another fissure, the fissure of the tragus, is seen upon the anterior surface

of the tragus. The antihelix is divided below, by a deep fissure, into two parts :

one part terminates by a pointed, tail-like extremity {processus caudatus) ; the other

is continuous with the antitragus. The cartilage of the pinna is very pliable,

elastic, of a yellowish colour, and similar in structure to the cartilages of the nose.

The ligaments of the pinna consist of two sets :— i. Those connecting it to the

side of the head. 2. Those connecting the various parts of its cartilage together.

The former, the most important, are two in number, anterior and posterior.

The anterior ligament extends from the process of the helix to the root of the

zygoma. The posterior ligament passes from the posterior surface of the concha



592 ORGATSTS OF SENSE.

to the outer surface of the mastoid process of the temporal bone. A few fibres

connect the tragus to the root of the zygoma.

The ligaments connecting the various parts of the cartilage together are also

two in number. Of these, one is a strong fibrous band, stretching across from the
tragus to the commencement of the helix, completing the meatus in front, and
partly encircling the boundary of the concha; the other extends between the

concha and the processus caudatus.

The muscles of the pinna (fig. 317), like the ligaments, consist of two sets:

—

I. Those which connect it with the side of the head, moving the pinna as a whole,

viz., the Attollens, Attrahens, and Retrahens aurem (p. 209) ; and 2. the proper

317.—The Muscles of the Pinna.

muscles of the pinna, which extend from one part of the auricle to another.

These are, the

Helicis major. Antitragicus.

Helicis minor. Transversus auriculae.

Tragicus. Obliquus auris.

The Helicis major is a narrow vertical band of muscular fibres, situated upon
the anterior mai'gin of the helix. It arises, below, from the tubercle of the helix,

and is inserted into the anterior border of the helix, just where it is about to

curve backwards. It is pretty constant in its existence.

The 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 in-

serted into the processus caudatus of the helix. This muscle is usually very distinct.

The Transversus auriculm 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.



AUDITORY CANAL. 593

The Ohliqiius awris (Todd) consists of a few fibres exteadiug from the upper and
back part of the concha to the convexity immediately above it.

The arteries of the irinna are the posterior aaricular, from the external carotid
;

the anterior auricular, from the temporal; and an auricular branch from the occi-

pital artery.

The veins accomjsauy the corresponding arteries.

The nerves are, the anricularis magnus, from the cervical plexus ; the posterior

auricular, from the facial ; the auricular branch of the pneamogastric ; and the

auriculo-temporal branch of the inferior maxillary nerve.

The AuDrTORY Canal (fig. 318), {meatus auditorius eateriiiis), extends from
the bottom of the concha to the niembrana tympani. It is about an inch and a

quarter in length, its direction is obliquely forwards and inwards, and it is slightly

curved upon itself, so as to be higher in the middle than at either extremity. It

forms an oval cylindrical canal, narrowest at the middle, somewhat flattened from
befoi'C backwards, the greatest diameter being in the vertical direction at the

external orifice ; but, in the transverse direction, at the tympanic end. The mem-
brana tympani, which occupies the termination of the meatus, is obliquely directed,

in consequence of the floor of the canal being 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.

31S.—A Front View of the Oraan of Hearin". Ki"-ht Side.

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 place being supplied by fibrous

membrane. This part of the canal is rendered extremely moveable by two or

three deep fissures (incisures Santorini), 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 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 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 curved plate

QQ
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of bone, which, in the fostus, exists as a separate ring (tympanic bone), incomplete

at its upper part.

The shin lining the meatus is very thin, adheres closely to the cartilaginous

and osseous portions 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. The skin near its orifice is fur-

nished with hairs and sebaceous glands. In the thick subcutaneous tissue of the

cartilaginous part of the meatus are numerous ceruminous glands, which secrete

the ear-wax : 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 a.uriculo-temporal branch of the inferior

maxillary nerve.

Middle Ear, 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 audito-

rius externally, and the labyrinth internally. It is filled with air, and communi-
cates with the pharynx by the Eustachian tube. The tympanum is traversed by
a chain of moveable bones, which connect the membrana tympani with the laby-

rinth, 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 lines from before backwards,

three lines in the vertical direction, and between two and three in the transverse,

being a little broader behind and above than it is below and in front. It is bounded

externally by the membrana tympani and meatus ; internally, by the outer surface

of the internal ear ; and communicates, behind, with the mastoid cells ; and, in

front, with the Eustachian tube and canal for the Tensor tympani. Its roof and

floor are formed by thin osseous lamina?, which connect the squamous and petrous

portions of the temporal bone.

The roof is broad, flattened, and formed of a thiu plate of bone, which separates

the cranial and tympanic cavities.

The floor is narrow, and corresponds to the jugular fossa, which lies beneath.

The outer wall is formed by the membrana tympani, a small portion of bone

being seen above and below this membrane. It presents three small apertures :

the iter chordas postering, the Glaserian fissure, and the iter chordae anterius.

The aperture of tlie iter cliordcB posterius is behind the aperture for the membrana
tympani, close to its margin, on a level with its centre ; it leads into a minute canal,

which descends in front of the aquseductus Fallopii, and terminates in that canal

near the stylo-mastoid foramen. Through it the chorda tympani nerve enters the

tympanum.
The Glaserian fissure opens just above and in front of the orifice of the mem-

brana tympani ; in this situation it is a mere slit, about a hne in length. It gives

passage to the long process of the malleus, the Laxator tympani muscle, and some
tympanic vessels.

The aperiure of the iter chorda} anterius is seen just above the preceding fissure
;

it leads into a canal (canal of Huguier), which runs parallel with the Glaserian

fissure. Through it the chorda tympani nerve leaves the tympanum.
The internal wall of the tyinpanum (fig. 319) is vertical in direction, and looks

directly outwards. It presents for examination the following parts :

—

Fenestra ovalis. Ridge of the Aqueeduotus Fallopii.

Fenestra rotunda. Pyramid.
Promontory. OjJeniug for the Stapedius.

The fenestra ovalis is a reniform opening, leading from the tympanum into the

vestibule ; its long diameter is dii'ected horizontally, and its convex border is
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upwards. The opening in the recent state is closed by the lining membrane
common to both cavities, and is occupied by the base of the stapes. This mem-
brane is placed opposite the membrana tympani, and is connected with it by the

ossicula anditiis.

The fenestra rotunda is an oval aperture placed at the bottom of a funnel-

shaped depression, leading into the cochlea. It is situated belovy and rather behind

319.—View of Inner Wall of Tympanum. (Enlarged.)

the fenestra ovalis, from which it is separated by a rounded elevation, the pro-

montory ; it is closed in the recent state by a membrane (jnemirana tympani

secundaria, Scarpa). This membrane is concave towards the tympanum, convex

tovrards the cochlea. It consists of three layers ; the external, or mucous, de-

rived from the mucous lining of the tympanum ; the internal, or serous, from the

lining membrane of the cochlea ; and an intermediate, or fibrous layer.

The 'promontory is a rounded hollow prominence, formed by the projection

outwards of the first turn of the cochlea ; it is placed between the fenestrae, and

is furrowed on its surface by three small grooves, which lodge branches of the

tympanic plexus.

The rounded eminence of the aqttceducius Fallopii, the prominence of the bony

canal in "which the portio dura is contained, traverses the inner wall of the tym-

panum above the fenestra ovalis, and behind that opening curves nearly vertically

dowTiwards 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 trans-

mits the tendon of the muscle. The cavity in the pyramid is prolonged into a

minute canal, which communicates with the aquseductus Fallopii, and transmits

the nerve which supplies the Stapedius.

The posterior wall of the tympanum is wider above than below, and presents for

examination the

Openings of the Mastoid Cells.

These consist of one large irregular aperture, and several smaller openings,

situated at the upper part of the posterior wall ; they lead into canals, which

communicate with large irregular cavities contained in the interior of the mastoid

process. These cavities vary considerably in number, size, and form ; they are

lined by mucous membrane, continuous with that covering the cavity of the

tympanum.
The anterior wall of the tympanum is wider above than below ; it corresponds

Q Q 2
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with the carotid canal, from which it is separated by a thin plate of bone ; it

presents for examination the

Canal for the Tensor tympani. Orifice of the Eustachian Tube.
The processus Cochleariformis.

The orifice ofthe canal for the Tensor tympani, and the orifice of the Eustachian

tube, are situated at the npper part of the anterior wall, being separated from
each other by a thin, delicate horizontal plate of bone, the processus cochleari-

formis. These canals run from the tympanum forward, inward, and a little

downward, to the retiring angle between the squamous and petrous portion of the

temporal bone.

The canal for the Tensor tympani is the superior and the smaller of the two
;

it is rounded, and lies beneath the upjoer surface of the petrous bone, close to the

hiatus Fallopii. The tympanic end of this canal forms a conical eminence, which

is prolonged backwards into the cavity of the tympanum, and is perforated at its

summit by an aperture, whicb transmits the tendon of the muscle contained in it.

This eminence is sometimes called the anterior injramid. The canal contains the

Tensor tympani muscle.

The Eudachiantuhe is the channel through which the tympanum communicates

with the pharynx. Its length is 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 cartilaginotiB piortion, about an inch in length, is formed of a triangular plate

of cartilage, curled upon itself, an interval being left below, between the margins

of the cartilage, which is completed by fibrous tissue. Its canal is narrow behind,

wide, expanded, and somewhat trumpet-shaped 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 with that which lines the tympanum. The mucous membrane is

covered with ciliated epithelium.

The meinbrana 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 groove 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 convex.

Struoture. This membrane is composed of three layers, an external (cuticular),

a middle (fibrous), aud an internal (mucous). The cuticular lining is derived from

the integument lining the meatus. The 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 the attached margin

of the membrane. The mucous liuing 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. 320.)

The tympanum is traversed by a chain of moveable bones, three in number,

the malleus, incus, and stapes. The former is attached to the membrana tympani,

the latter to the fenestra ovalis, the incus being placed between the two, to both

of which it is connected by delicate articulations.
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The Malleus, so named from its fancied resemblance to a hammer, consists of

a head, neck, and three processes ; the handle or manubrium, the processus

gracilis, and the processus brevis.

The head is the large upper extremity of the bone; it is oval in shape, and

articulates posteriorly with the incus, being fi-ee in the rest of its extent.

The neck is the narrow contracted part just beneath the head ; and below this

is a prominence, to which the various processes are attached.

The manuhrium. 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.

The process7is 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. It gives attachment to the

Laxator tympani.

The processus hrevis is a slight conical projection, which springs from the root

of the manubrium, and lies in contact with the membrana tympani. Its summit

gives attachment to the Tensor tympani.

The Incus has received its name from its supposed resemblance to an anvil, but

it is more like a bicuspid tooth, with two

32o.-The Small Bones of the Ear, seen
^°o*S' ^^'"h difi-er in length, and are widely

from the Outside. (Enlarged.) separated from each other. It consists of a

body and two processes.

^<^k The body is somewhat quadrilateral, but

Z^*^' M ^ compressed laterally. Its summit is deeply

i -"'w^!^ -^^^ concave, and articulates with the malleus ; in

y%-~- ^° ^^^^^"""" '^^ fresh state, it is covered with cartilage

&l^^'^\ "JfAi ^^^ lined with synovial membrane.

lir ^ '^he two processes diverge from one an-

vSl ^^ other nearly at right angles.
z,„/,v„/„r^™-,.7.,-i^k^ qijig sliort process, somewhat conical in

'^'' \ .'^^ shape, projects nearly horizontally back-

'^^Pp wards, and is attached to the margin of the

opening leading into the mastoid cells, by
ligamentous fibres.

The loncj process, longer and more slender than the preceding, descends nearly

vertically behind the handle of the malleus, and bending inwards, terminates in a

rounded globular projection, the os orhiculare, or lenticular process, which is tipped

with cartilage, and articulates with the head of the stapes. In the foetus the os

orhiculare exists as a separate bone, but becomes united to the long process of the

incus in the adult.

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 orhiculare.

The neck, the constricted part of the bone below the head, receives the insertion

of the Stapedius muscle.

The tivo 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, the orbicular process of the incus

and head of the stapes, are covered with cartilage, connected together by dehcate

capsular ligaments, and lined by synovial membrane. The ligaments connecting the

ossicula with the walls of the tympanum are three in number, one for each bone.

The suspensory ligament of the malleus is a delicate, round bundle of fibres.
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whicli descends perpendicularly from the roof of the tympanum to the head of the

malleus.

The posterior ligament of the incus is a short, thick, ligamentous hand, 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 ovalis.

A suspensory ligament of the incus has been described by Arnold, descending

from the roof of the tymj)anum to the upper part of the incus, near its articulation

with the malleus.

The muscles of the tympanum, are three :

—

Tensor tympani. Laxator tympani. Stapedius.

The Tensor tympani, the largest, is contained in the bony canal, above the osseous

portion of the Eustachian tube, from which it is separated by the processus

cochleariformis. It arises from the under surface of the petrous bone, from the

cartilaginous portion of the Eustachian tube, and from the osseous canal in which

it is contained. Passing backwards, it terminates in a slender tendon which is

reflected outwards over the processus cochleariformis, and is inserted into the

handlp of the malleus, near its root. It is sujDplied by a branch from the otic

ganglion.

The Laxator tympani major (Sommerring) arises from the spinous process of

the sphenoid bone, and from the cartilaginous portion of the Eustachian tube, and
passing backwards through the Glaserian fissure, is inserted into the neck of

the malleus, just above the processus gracilis. It is suisplied by the tympanic

branch of the facial.

The Laxator tympani minor (Sommerring) arises from the upper and back part

of the external meatus, passes forwards and inwards between the middle and
inner layers of the membrana tympani, and is inserted into the handle of the

malleus, and processus brevis.

The Laxator tympani major is now very generally believed to be ligamentous and

not muscular, and there seems little doubt that the structure described under the

name of Laxator tympani minor is a ligament.

The Stapedius arises from the sides of a conical cavity hollowed out of the

interior of the pyramid : its tendon emerges from the orifice at the apex of the

pyramid, and passing forwards, is inserted into the neck of the stapes. Its surface

is aponeurotic, its interior fleshy ; and its tendon occasionally contains a slender

bony spine, which is constant in some mammalia. It is supplied by a filament

from the facial nerve.

Actions. The Tensor tympani draws the membrana tympani inwards, and thus

heightens its tension. The laxator tympani draws the malleus outwards, and

thus the tympanic membrane, esiDecially at its fore part, is relaxed. The Stapedius

depresses the back part of the base of the stapes, and raises its fore part. It

probably compresses the contents of the vestibule.

The mucous membrane of the tympanum is thin, vascular, and 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 layer of the membrana tympani ; covers the foramen rotundum ; and

is reflected into the mastoid cells, which it lines throughout. In the tympanum
and mastoid cells, this membrane is pale, thin, slightly vascular, and covered with

ciliated epithelium. 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 laminar ciliated epithelium, and provided with numerous mucous glands.

The arteries stipiplying the tympanum are five in number. Two of them are

larger than the rest, viz., the tympanic branch of the internal maxillary, which

supplies the membrana tympani ; and the stylo-mastoid branch of the posterior

auricular, which supplies the back part of the tympanum and mastoid cells. The
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smaller brandies are, the petrosal branch of the middle meningeal, and branches

from the ascending pharyngeal and internal carotid.

The veins of the tympcDium terminate in the middle meningeal and pharyngeal

veins and, through these, in the internal jugular.

The nerves of the tympawnm may be divided into : i. Tliose supplying the

muscles; 2. Those distributed to the 'lining membrane; 3. Branches communi-

cating with other nerves.

Nerves to muscles. The Tensor tympani is supplied by a branch from the otic

ganglion ; the Laxator tympani, and the Stapedius, by a filament from the facial

( Sommerring)

.

The nerves distributed to the lining membrane are derived from the tympanic

plesus.

Communications between the following nerves take place in the tympanum : the

tympanic branch from the petrous ganglion of the glosso-pharyngeal ; a filament

from the carotid plexus ; a branch which joins the great superficial jDetrosal nerve

from the Vidian ; and a branch to the otic ganglion (small superficial petrosal

nerve).

The tympanic branch of the glosso-pharyngeal (Jacobson's nerve), enters the

tympanum by an aperture in its floor, close to the inner wall, and ascends on to the

promontory. It distributes filaments to the lining membrane of the tympanum,
and divides into three branches, which are contained in grooves on the promontory^,

and serve to connect this with other nerves. One branch runs in a groove, for-

wards and downwards, to an aperture situated at the junction of the anterior and

inner walls, just above the floor, and enters the carotid canal, to communicate with

the carotid plexus of the sympathetic. The second branch is contained in a groove

which runs vertically upwards to an aperture on the inner wall of the tympaniim,

just beneath the anterior pyramid, and in front of the fenestra ovalis. The canal

leading from this opens into the hiatus Fallopii, where the nerve contained in it

joins the great petrosal nerve. The third branch (small superficial petrosal)

ascends towards the anterior surface of the petrous bone ; it then passes through

a small aperture in the sphenoid and temporal bones to the exterior of the skull,

and joins the otic ganglion. As this nerve passes by the gangliform enlargement

of the facial, it has a connecting filament with it.

The chorda tympani quits the facial near the stylo-mastoid foramen, enters the

tympanum at the base of the pyi-amid, and arches forwards across its cavity

between the handle of the malleus and long process of the incus, to an opening

internal to the fissura Glaseri. It is invested by a reflection of the lining mem-
brane of the tympanum.

Internal Ear, or Labyrinth.

The internal ear is the essential part of the organ, receiving the ultimate dis-

tribution of the auditory nerve. It is called the labyrinth, from the complexity of

its shape, and consists of three parts : the vestibule, semicircular canals, and

cochlea. It is formed by a series of cavities, channelled out of the substance of

the petrous bone, communicating externally with the cavity of the tympanum,

through the fenestra ovalis and rotunda ; and internally, with the meatus audito-

rius internus, which contains the auditory nerve. Within the osseous labyrinth is

contained the membranous labyrinth, upon which the ramifications of the auditory

nerve are disti'ibuted.

The Vestibule (fig. 32 1) is the common central cavity of communication 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. It is somewhat ovoidal

in shape from before backwards, flattened from side to side, and measures about

one-fifth of an inch from before backwards, as well as from above downwards,

beino- narrower from without inwards. On its outer, or tynvpanic wall, is the

fenestra ovalis, closed in the recent state, by the base of the stapes, and its

annular Uo-ament. On its inner ivall, at the fore part, is a small circular depres-
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sion, fovea liemuplierica, which is perforated, at its anterior and inferior part, by

several minute holes (macula crihrosa), for the passage of the filaments of the audi-

tory nerve ; and behind this depression is a vei-tical ridge, the pyramidal eminence.

At the hinder part of the inner wall is the orifice of the aquceductus vestibidi, 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 of

the lining membrane of the vestibule, which ends in a cul-de-sao between the

layers of the dura mater within the cranial cavity. On the iipper wall or roof is a

transversely-oval depression, fovea semi-elliptica, separated from the fovea hemi-

spherica 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,

apertara scalce vestibuli cochlece.

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 aa inch in

diameter, and each presents a dilatation at one end, called the ampulla, which

321.—The Osseous Labyrinth laid open. (Enlarged.)

/

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 stiperior semicircular caved 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 describes about two-thirds of a circle. Its outer extremity, which is ampul-
lated, commences by a distinct orifice in the upper part of the vestibule ; 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 semicircidar 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 ampullated end commencing 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
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directed outwards and backwards ; thus each semicircular canal stands at right

angles to the other two. Its ampullated end corresponds to the upper and outer

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

in front of the vestibule ; its apex is directed forwards and outwards towards the

upper and front part of the inner wall of the tympanum ; its base corresponds

with the anterior depression at the 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 about the same. It consists of a conical-shaped central axis,

the modiolus or columella ; of a canal wound spirally round the axis for two

turns and a half, from the base to the apex ; and of a delicate lamina (the lamina

spiralis') contained within the canal, which follows its windings, and subdivides it

into two.

The central axis, or modiohis, is conical in form, and extends from the base to

the apex of the cochlea. Its base is broad, corresponds with the first turn of the

cochlea, and is perforated by numerous orifices, which transmit filaments of

the cochlear branch of the auditory nerve ; the axis diminishes rapidly in size in

the second coil, and terminates within the last half-coil, or cupola, in an expanded,

delicate, bony lamella, which resembles the half of a funnel, divided longitudinally,

and is called the infandihidum ; the broad part of this funnel is directed towards

the summit of the cochlea, and blends with the last half-turn of the spiral canal

of the cochlea, the cupola. At this point the two larger scalre of the cochlea, the

scala tympani and scala vestibuli, communicate by an opening called the heli-

cotrema. The outer surface of the modiolus is formed of the wall of the spiral

canal, and is dense in structure ; but its centre is channelled, as far as the last half-

coil, 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 spiralis.

One of these, larger than the rest, occupies the centre of the modiolus, and is

named the tubulus centralis modioli ; it extends from the base to the extremity of

the modiolus, and transmits a small nerve and artery (arteria centralis modioli).

The spiral canal (fig. 322) takes two turns and a half round the modiolus. It

is about an inch and a half in length, measured along its outer wall ; and diminishes

322.—The Cochlea laid open. (Enlarged.)

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. 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

fenestra rotunda, communicates with the tympanum : in the recent state, this

aperture is closed by a membrane, the memhrana tympani secundaria. Another

aperture, of an oval form, enters the vestibule. The third is the aperture of the
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aqnceduahis cochlem leading to a minute fnnnel-sliaped canal, wliich opens on the

basilar surface of the petrous bone, and transmits a small vein.

The interior of the spiral canal (fig. 323) is divided into three principal canals or

scales—viz. the Scala Tympani, the Scala Vestibuli, and, interposed between these,

the Scala Medial. Projecting from the modiolus is a thin bony process, the lamina

spiralis ossea, which consists of two thin lamelte of bone, between which are

323.—Longitudinal Section of the Ooohlea, showing the relations

of the Scalffi, the Gang-lion Spirals, &c.

S.V. Scala vestibuli.

numerous canals for the passage of nervous filaments. Near the point where the

osseous lamina is attached to the modiolus is a small canal, denominated by
Rosenthal the canalis spiralis modioli, and occupied by a swelling' of the cochlear

nerve, in which ganglion-cells are found, the ganglion spirale, from which the

nerves pass to the osseous lamina and organ of Corti.

The osseous lamina extends only part of the distance between the modiolus and

the outer bony wall of the cochlea. Near its outer end the periosteum swells up
into an elevation which is called the limbics lamince spiralis (' denticulate lamina

'

of Todd and Bowman), and this terminates in a grooved border, the sulcus spiralis,

(fig. 324), the edges of the groove being called the labium tympanicum and labium

vestihulare respectively. From the labium tympanicum a thin membrane extends

over to the bony wall of the cochlea, completing the scala tympani. This mem-
brane 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 Todd
and Bowman (cochlearis), but is now recognised as ligamentous—the ligamentum

spirale. Between the labium vestibulare and the attachment of the membrane of

Reissner, presently to be described, a very delicate membrane extends over to 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,

and is therefore called the membrana tectoria or membrane of Gorti. Further in-

wards, near the commencement of the limbus laminse spiralis, another delicate

membrane, the membrane of Reissner, is attached to the vestibular surface of the

periosteum of the osseous lamina, and stretches across to the outer wall of the

cochlea. The canal which lies below the osseous lamina and membrana ba-

silaris is the scala tympani ; that which is bounded by the osseous lamina and
membrane of Reissner the scala vestibuli ; while the space between the mem-
brane of Reissner and membrana basilaris is generally described as the Scala
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media, Canalis menibranacea, or Ganalis cochlece, and this is the nomenclature which

will be used here. Others, however, apply the name Ganalis cochlece only to the

canal lying between the membrane of Reissner and the membrana tectoria, which

contains no object for description, while the space lying between the membrana
tectoria and membrana basilaris is described by itself as a fourth canal—the

- 324.—Floor of Scala Media, showing the organ of Oorti, &c.

ductus coohlearis or ductus auditorius.* The latter is the space in which the

organ of Gortif is contained. This organ (fig. 324) 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 2Ja,pilla spiralis. More accurately viewed,

it is seen to be composed of a series of arches roofing over the zona arcuata,

estimated at over 3,000 in number. The base of these arches is said to be of

uniform length in the whole of the canal. The inner limb of the arch is formed

by a fibre (internal fibres or rods of Corti) somewhat swollen at either extremity.

In connection with the lower extremity is a n'uclear body. The space between

the internal rod and the grooved margin of the sulcus spiralis is occupied by
cylindrical epitheUum, and some of these epithelial cells are provided with hair-like

processes ('inner hair-cells'). The external limb of the ai'ch is formed by a

similar series of fibres (external fibres or rods of Corti) which are less numerous
than the internal, J and the swollen upper extremities of the two rods are articulated

together ; the crown of the arch approaches, but does not touch, the membrana
tectoria. The shape of the external and internal rods of Corti is peculiar. The
internal rods terminate above in a process which exactly reproduces the shape of the

head of the human ulna, with its sigmoid cavity, coronoid and olecranon processes,

while the external represent the head and bill of a swan—the head fitting into the

concavities of one or more of the internal rods (which are more numerous than

the external) while the bill rests against the phalanges of the lamina reticularis.

Lying against the external rods are epithelial cells of various forms. Those

described by Corti, and called after him cells of Oorti, are provided with hairs or

cilia, ' outer hair-cells.' There are several rows of these, alternating with which

are other epithelial cells terminating in a fine extremity above and below : these are

called the cells of Deiters ; and beyond these again are the ordinary epithelial cells of

the part, gradually diminishing in size. The reticular lamina of KoUiker is formed

* In reading the older descriptions of the organ of hearing, the student must hear in mind
that the membranes bounding the ductus auditorius, together with the organ contained

between them, were described together as the ' lamina spiralis membranacea,' while the

membrane of Reissner was not recognised, the parts being, in fact, as shown in the second

turn of the cochlea on the right hand of fig. 323.

t Corti's original paper is in the Zdtschrift f. Wissen. Zool. iii. 109.

\ Waldeyer reckons 6,000 of the inner rods and 4,500 of the outer in the human cochlea.

Claudius says that there are three of the inner for every two of the outer.
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•by several rows of ' minute fiddle-shaped cnticular structures ' called plialMige",

between which are holes for the projection of the outer hair-cells. The number of

rows varies in different animals with that of the outer hair-cells, being fonr in

man. The exact termination of the nerves in the organ of Corti is not as yet

determined," but there seems no doubt that this organ is to be regarded as the

'terminal apparatus of hearing,' as Henle names it.*

The scala media is closed above and below. The upper blind extremity is

attached to the cupola at the upper part of the helicotrema, 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. 325),

a very delicate canal, by which the ductus cochlearis is brought into continuity

with the saccule.

The inner surface of the osseous labyrinth is lined by an exceedingly thin

fibro-serous membrane, analogous to a periosteum, from its close adhesion to the

inner surfaces of these cavities, and performing the office of a serous membrane 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 heli-

cotrema into the scala tympani. Two delicate tubular processes are prolonged

along the aqueducts of the vestibule and cochlea, 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 aqiia lahijrinthi (perilymph [Blainville], liquor Cofunnii).

The Membeanous Labyrinth.

The membranous labyrinth (fig. 325) is a closed membranous sac, containing

fluid. The ramifications of the auditory nerve are distributed upon the wall of

. the sac. It has the same general form as the vestibule and semicircular canals in

which it is enclosed ; but is considerably smaller, and separated from their lining

membrane by the perilymph.

325-- - The Membranous Labyrinth. (Eularp-ed 4 diams.)

•^ CANALIS REUNIENS

The vestibular portion consists of two 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

* For further details the reader is referred to Kolliker'a Gewehelehre, 5th ed. ; Henle's

Systemntische Anatomie, or Quain's Anatomy, edited by Sharpev, Thomson, and Schafer, 8th

ed. 1876.
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semi-elliptica. Numerous filaments of the auditory nerve are distributed on the

wall of this sac ; and its cavity communicates behind with the miembranous semi-

circular canals by five orifices.

The saccule is the smaller of the two vestibular sacs ; it is globular in form,

lies in the fovea hemispherica, near the opening of the vestibular scala of the

cochlea, and receives numerous nervous filaments, which enter from the bottom of

the depression in which it is contained. Its cavity is appiarently distinct from that

of the utricle.

The membranous semicircular canals are about one-third the diameter of the

osseous canals, but in number, shape, and general form they are precisely similar
;

they are hollow, and open by five orifices into the utricle, one opening being

common to two canals. Their ampullas are thicker than the rest of the tubes,

and nearly fill the cavities in which they are contained.

The membranous labyrinth is held in its position by the numerous nervous

filaments distributed to the utricle, to the saccule, and to the ampulla of each

canal. These nerves enter the vestibule through the minute apertures on its

inner wall.

Structure. The wall of the membranous labyrinth is semi-transparent, and
consists of three layers. The outer layer is a loose and flocculcnt tissue, containing

blood-vessels and numerous pigment-cells analogous to those in the choroid. The
middle layer, thicker and more transparent, bears some resemblance to the hyaloid

membrane, but it presents in parts marks of longitudinal fibrillation and elongated

nuclei on the addition of acetic acid. The inner layer is formed of polygonal

nucleated epithelial cells, which secrete the endolymph.

The endolymph (liquor Scarpce) is a limpid serous fluid, which fills the mem-
branous 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

tissue, and contained in the wall of the utricle and saccule, opposite the distribu-

tion of the nerves. A calcareous material is also, according to Bowman, sparingly

scattered in the cells lining the ampulla of each semicircular canal.

The Arteries of the labyrinth are the internal auditory, from the basilar or

superior cerebellar, the stylo- mastoid, from the posterior auricular, and, occasion-

ally, 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 ves-

tibular. 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 minute openings at the upper and back part of the cul-de-sar,

at the bottom of the meatus, and entering the vestibule, are distributed to the

utricle, and to the ampulla of the external and superior semicu-cular canals.

The middle vestibular branch consists of numerous filaments, which enter the

vestibule by a smaller cluster of foramina, placed below those above mentioned,

and which correspond to the bottom of the fovea hemispherica ; they are distributed

to the saccule.
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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 pos-

tei'ior semicircular canal.

The nervous filaments enter the ampnllary enlargements at a deep depression

seen on their external surface, and a corresponding elevation is seen 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 radiat-

ing on the inner surface of the wall of each cavity, becoming blended with a layer

of nucleated cells, and terminating 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

between the plates of the bony lamina spiralis, close to its tympanic surface.

Between the plates of the spiral lamina, the nerves form a plexus, which contains

ganglion-cells ; and from the margin of the osseous zone, branches of this plexus

are distributed to the membranous part of the septum, where they are arranged

in small, conical-shaped bundles, parallel with one another. The filaments which
supply the apical portion of the lamina spiralis ai-e conducted to this part through

the tnbulus centralis modioli.



Organs of Digestion.

THE Apparatus for the digestion of the food consists of the alimentary canal,

X and of certain accessory organs.

The alimentary canal is a musctilo-membranous tube, about thirty feet in length,

extending from the mouth to the anus, and lined throughout its entire extent by
mucous membrane. It has received different names in the various parts of its

course : at its commencement, the mouth, we find provision made for the

mechanical division of the food (mastication), and for its admixture with a fluid

secreted by the salivary glands (insalivation) ; beyond this are the organs of de-

glutition, the pharynx and the oesophagus, which convey the food into that part of

the alimentary canal (the stomach) in which the principal chemical changes

occur ; in the stomach, the reduction and solution of the food takes place ; in the

small intestines, the nutritive principles of 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 system.

Mouth.

Pharynx.

(Esophagus.

Stomach.

Teeth.

Alimentary Canal.

r Duodenum.
Small intestine . < Jejunum.

L Ileum.

r Cfficum.

Large intestine . < Colon.

I Rectum.

Accessory Organs.

r Parotid. Liver.

Salivary glands < Submaxillary. Pancreas.

L Sublingual. Spleen.

The MoTJTH (fig. 326) is placed at the commencement of the alimentary canal

;

it is a nearly oval-shaped cavity, in which the mastication of the food takes place.

It is bounded, in front, by the lips ; laterally, by the cheeks and the alveolar pro-

cesses 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 tmicous menibrane lining the mouth is continuous with the integument at

the free margin of the lips, and with the mucous lining of the fauces behind ; it is

of a rose-pink tinge during life, and very thick where it covers the hard parts

bounding the cavity.

The Lips are two fleshy folds, which surround the oriflce of the mouth, formed

externally of integument, and internally of mucous membrane, between which is

found the Orbicularis oris muscle, the coronary vessels, some nerves, areolar tissue,

and fat, and numerous small labial glands. The inner surface of each lip is con-

nected in the middle line to the gum of the corresponding jaw by a fold of mucous
membrane, the frwnum lahii su2}erioris und inferioris, the former being the larger

of the two.

The labial glands are situated between the mucous membrane and the Orbicularis
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oris, round the orifice of the moutli. They are rounded in form, about tlie size

of small peas, their ducts opening by small orifices ujion the mucous membrane.

In structure, they resemble the other salivary glands.

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 mem-
brane, and between the two, of a muscular stratum, besides a large quantity of

fat, areolar tissue, vessels, nerves, and buccal glands.

The mucous membraue lining the cheek is reflected above and below upon the

gums, and is continuous behind with the liniug membrane of the soft palate.

Opposite the second molar tooth of the ti23per jaw is a papilla, the summit of

326.—Sectional View of the Nose, Mouth, Pharynx, etc.

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, Masseter, 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 into 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 remarkable for its
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limited sensibility. Around the necks of tlie teeth, this membrane presents

numerous fine papillae ; and from this point it is reflected into the alveolus, where
it is continuous with the periosteal membrane lining that cavity.

The Teeth.

The human subject is provided with two sets of teeth, which make their appear-

ance 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 jjermanent.

The temporary teeth are twenty in number ; four incisors, two canine, and four

molars, in each jaw.

The permanent teeth are thirty-two in number ; four incisors (two central and

two lateral), two canine, four bicuspids, and six molars, in each jaw.

General characters. Each tooth consists of three portions : the crown, or body,

327.—The Pei-manent Teeth. External View.

Wtitdom tnoth

Lower Ja'ur

projecting above the gum ;
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 peri-

osteum becomes continuous with the fibrous structure of the gums.

Permanent Teeth.

The Incisors, or cutting teeth, are so named from their presenting a sharp,

cutting edge, adapted for cutting the food. They are eight in numbei', and form

the four front teeth in each jaw.
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Tlie crown is directed vertically, is wedge-like in form, being bevelled at tlie

expense of its posterior surface, so as to terminate in a sharp, horizontal cutting

edge, which, before being subject to attrition, presents three small prominent

points. It is convex, smooth, and highly pohshed in front ; slightly concave

behind, where it is frequently marked by slight longitudinal furrows.

The nech is constricted.

The fang is long, single, conical, transversely flattened, thicker before than

behind, and slightly grooved on each side in the longitudinal direction.

The incisors of the upper jaw are altogether larger and stronger than those

of the lower jaw. They are directed obliquely downwards and forwards. The

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 lower jaw are smaller than the upper : the two central

ones are smaller than the two lateral, and are the smallest of all the incisor

teeth.

The Canine Teeth (cuspidati) are four in number, two in the upper, and two

in the lower jaw ; one being placed behind each lateral incisor. They are larger

and stronger than the incisors, especially the root, which ginks deeply into the

jaw, and causes a well-marked prominence upon its surface.

The crown is large and conical, very convex in front, a little hollowed and

uneven posteriorly, and tapering to a blunted point, or cusp, which rises above the

level of the other teeth.

The root is single, but longer and thicker than that of the incisors, conical in

form, compressed laterally, and marked by a slight groove on each side.

The upper canine teeth (vulgarly called eye-teeth) are larger and longer than the

two lower, and situated a little behind them.

The lower canine teeth are placed ia front of 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 (small, or false molars) are eight in number, four in each

jaw, two being placed immediately behind each of the canine teeth. They are

smaller and shorter than the canine.

The croivn is compressed from without inwards, and surmounted by two pyra-

midal eminences, or cusps, separated by a groove, hence their name bicuspidate.

The outer of these cusps is larger and more prominent than the inner.

The neck is oval.

The root is generally single, compressed, and presents a deep groove on each

side, which indicates a tendency in the root to become double. The apex is gene-

rally bifid.

The upper bicuspids are larger, and present a greater tendency to the division

of their roots than the lower ; this is especially marked in the second upper

bicuspid.

The MoLAE Teeth {multicuspidati, true, or large molars) are the largest of the

permanent set, and are adapted, from the great breadth of their crowns, for grind-

ing and pounding the food. They are twelve in number, six in each jaw, three

being placed behind each of the posterior bicuspids.

The crown is nearly cubical in form, rounded on each of its lateral surfaces,

flattened in front and behind ; the upper surface being surmounted by four or five

tubercles, or cusps (four in the upper, fi'Vo in the lower molars), separated from

each other by a crucial depression, hence their name, multicuspidati.

The nech is distinct, large and rounded.

The root is subdivided into from two to five fangs, each of which presents an

aperture at its summit.

Thefrst molar tooth is the largest and broadest of all: its crown has usually

five cusps, three outer and two inner. In the upper jaw, the root consists of

three fangs, widely separated from one another, two being external, the other
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internal. The iatter is the largest and the longest, slightly grooved, and some-

times bifid. In the lower jaw, the root consists of two f'augs, one being placed in

front, the other behind : 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 ivisdom tooth (dens sapieidice) from its late

appearance through the gum. It is smaller than the others, and its axis is directed

inwards.

The crown is small and rounded, and furnished with three tubercles.

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.

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

338.—The Temporary, or Milk Teeth.

External View.

Upper Jttu'

Ijoivk r Ja IV

milk teeth, and is succeeded by the Second permanent bicuspid. The first upper
molar has only three cusps, two external, one internal : 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.

Structure. On making a vertical section of a tooth (fig. 329), a hollow cavity

will be found in the interior. This cavity is situated at the base of the crown,

and is continuous with a canal which traverses the centre of each fang, and opens

by a minute orifice at its extremity. The shape of the cavity corresponds some-

what with that of the tooth ; it forms what is called the jjulj) cavity, and contains

a soft, highly vascular, and sensitive substance, the dental pulp. The pulp is

K E 2
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29.—Vertical Section

of a Molar Tooth.

—^a/iy

330.—Vertical Section of a Bicus-

pid Tooth. (Magnified.)

richly supplied witli vessels and nerves, vphicli enter the cavity through the small

aperture at the point of each fang.

The solid portion of the tooth consists of three distinct

structures, viz., ivory (tooth-bone, or dentine), which forms

the larger portion of the tooth ; enamel, "which covers the

exposed part, or crown ; and the cortical substance, or

oemeni (^crusta petrosa), w\i\ch is disposed as a thin layer

on the surface of the fang.

The IvOEY, or dentine (fig. 330), forms the principal

mass of a tooth ; in its central part is the cavity enclosing

the pulp. It is a modification of the osseous tissue, from

which it differs, however, in structure and chemical com-

position. On examination with the microscope, it is seen

to consist of a number of minute wavy and branching tubes,

having distinct parietes. They are called the dental ttiliuli, and are embedded in

a dense homogeneous substance, the intertahiilar tissue.

The dental tuhuU are placed parallel with one another, and open at their inner

ends into the pulp cavity. They pursue a wavy and undulating course towards

the periphery. The direction of these tubes varies ; they are vertical in the upper
portion of the crown, oblique in the neck and
n pper part of the root, and towards the lower part

of the root they are inclined downwards. The
tubuli, at their commencement, are about -^-^jj-^ of

an inch in diameter ; in their course they divide

and subdivide dichotomously, so as to give to the

cut surface of the dentine a striated appearance.

From the sides of the tubes, especially in the fang,

ramifications of extreme minuteness are given off,

which join together in loops in the intertubular

substance, or terminate in small dihxtations, from
which branches are given off. Near the periphery

of the dentine, the finer ramifications of the tubuli

terminate in a somewhat similar manner. In the

fang these ramifications occasionally pass into

the crusta petrosa. The dental tubuli have com-
paratively thick walls, and contain slender cylin-

drical prolongations of the pulp-tissne, first de-

scribed by Mr. Tomes, and named Tomes's fibres,

or dentinal fibres. These dentinal fibres are

analogous to the soft contents of the canaliouli of

bone. They commence in cells, the odontohlasts of

Waldeyer, which will be more particularly de-

scribed in the next section. Between Tomes's fibres

and the ivory of the canals, there is an elastic

homogeneous membrane which resists the action of acids, the

Neumann

.

The intertiilular suhstance is translucent, finely granular, and contains the chief

part of the earthy matter of the dentine. After the earthy matter has been re-

moved, by steeping a tooth in weak acid, the animal basis remaining is described

by Henle as consisting of bundles of pale, granular, fiattened fibres, running parallel

with the tubes ; but by Mr. Nasmyth as consisting of a mass of brick-shaped cells

surrounding the tubules. By Czermak and Mr. Salter it is supposed to consist of

laminte which run parallel with the pulp cavity, across the direction of the tubes.

A section of dentine displays just below the cement a series of irregular cavities,

' the interglobular spaces ' of Czermak, or granular layer of Purkinje, the spaces

of which are filled up by a transparent soft material. The section of the dentine

is marked by a series of somewhat parallel Hues—the 'incremental lines ' of Salter

—

mtinal sheath of
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produced by the curving of the dentinal tnbuli during the growth of the

tooth.

Chemical Composition. According to Berzelius and Bibra, dentine consists of

28 parts of animal, and 72 of earthy matter. The animal matter is resolvable by
boiling into gelatin. The earthy matter consists of phosphate of lime, 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

hexagonal rods. They lie parallel with one another, resting by one extremity

upon the dentine, which presents a number of minute depressions for their

reception ; and forming the free surface of the crown by the other extremity.

These fibres are directed vertically on the summit of the crown, horizontally at

the sides ; they are about the ^-jVit "^ *^ inch in diameter, and pursue a more or

less wavy course. The enamel is marked by a series of undulating lines which

cross each other or ' decussate ;
' these lines are doubtless formed by the variation

in the course of the enamel-rods. Another series of lines, coloured brown pro-

bably from the presence of pigment, and denominated the parallel strisB of Retzius,

are seen on a section of the enamel. Their exact significance is uncertain.

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 tubuli into the substance of the enamel. The enamel-rods consist of

solid hexagonal or four-sided prisms connected by their surfaces and ends, and

filled with calcareous matter. If the latter is removed, by weak acid, from newly-

formed or growing enamel, it will be found to present a network of delicate

prismatic cells of animal matter. It is a disputed point whether the dentinal fibres

penetrate a certain distance between the rods of the enamel or no. No nutritive

canals exist in the enamel.

Chemical Composition. According to Bibra, enamel consists of 96-5 per cent,

of earthy matter, 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, phos-

phate of magnesia, and other salts.

The Cortical Substance, or cement {crusta peirosa), is disposed as a thin

layer on the roots of the teeth, from the termination of the enamel, as far as the

apex of the fang, where it is usually very thick. In structure and chemical com-

position, it resembles bone. It contains, sparingly, the lacuniB and canaliculi which

characterise true bone ; the lacunse placed near the surface, have the canaliculi

radiating from the side of the lacunte towards the periodontal membrane ; and

those more deeply placed, join with the adjacent dental tubuli. In the thicker

portions of the crusta petrosa, the lamella; and Haversian canals peculiar to bone

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.

Development of the Teeth. (Figs. 331 to 336.)

In describing the development of the teeth it has seemed better to give the

more modern account first, and then that of Goodsir, which was till recently uni-

versally accepted.

According to the description now generally adopted (that of Waldeyer), the

development of the teeth in the fcetus begins at a very early period, about the

seventh week. On the surface of the jaw there is found a depression or groove

(' the dental groove '), the surface of which is formed of a collection of epithelial
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cells, the tissue below of gelatinous and cellular substance, which is taken to

represent the corium and cellular tissue of the mucous membrane, and deeper

than which is the ossifying substance of the jaw (fig. 331). The essential struc-

tures of the teeth are derived from these two elements, the enamel from the epi-

thelium which covers the surface of the dental groove, the dentine and crusta

petrosa from the deeper structures.

331-

Vertical section of the Inferior maxilla of an early human foetus. (Magnified 25 diams.) i. Dental groove.

a. Remains of the enamel-germ. 3. Enamel organ, presenting externally epithelium, as also where it forms the enamel-
germ of the papilla; of the dental sacculus. 4. Secondary enamel-germ ; rudiment of the permanent tooth.

5. Dentalgerm. 6. Lower jaw. 7. Meckel's cartilage.

First as to the enamel. The epithelium becomes heaped up over the margins

of the dental groove, and then passes down into it, and as the sides of the groove

rise up, the epithelial mass (or ' enamel organ ') seems to pass deeper and deeper

into the substance of the jaw, meeting with the papilla, presently to be described,

from which the dentine or bulk of the tooth is developed, and assuming the form

of a flask or cap united to the superficial layer of epithelium by a neck, bridge, or

string of epithelium. This string is the gnbernaculum or future enamel organ of

the permanent tooth. As the dental papilla grows up from the bottom of the

groove, the enamel organ folds itself over it in the form of a cap, or capsule, pre-

senting an outer and inner surface, still epithelial (fig. 332), and an intermediate

portion undergoing development into the proper enamel tissue. The epithelial

covering on the outer surface of the enamel long remains distinctly perceptible.

After the tooth has emerged from the gum, this layer may be separated from the

calcified mass below by the action of strong acids, in the form of a membrane
(cuticula dentis, Nasmyth's membrane) marked by the hexagonal impressions of

the enamel prisms, and when stained by nitrate of silver showing the characteristic

appearance of epithelium. This membrane soon wears away from the surface of

the tooth.

The bulk of the enamel is formed by the calcification of the epithelial cells,

which are changed into hexagonal prisms, the communication of which with each

other forms the hexagonal rods of the jnature enamel ; but the exact relation of

the embryonic cells to the future rods, and the precise reason of the appearance of

the transverse strice on the latter, have not yet been satisfactorily demonstrated.

The calcification of the successive layers of epithelium is preceded by the pro-

duction of a gelatinous mass (the ' enamel jelly ') between the investing epithe-

lium and the calcifying tissue.

As the epithelium is undergoing this remarkable development a projection of

the mucous tissue (blastema, or corium) of the infantile jaw springs up to meet it

out of the bottom of the dental groove. This projection was described by Goodsir
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as a row of separate papillte. It is now described, after Dursy and Waldeyer, as

a ridge, the intervening parts of which are atrophied, so as to leave papillre, which

become coated all over by the enamel organ, and thus the saccular stage of the

teeth is produced, the papillas which are to form the bulk of the teeth being coated

with a vascular connective tissue, isolated by the enamel organ, and separated

from each other by the growing tissue of the fcetal jaw.

The next step is the formation of the odontoblasts, which have a relation to

the development of the teeth similar to that of the osteoblasts to the formation

of bone. These are large nucleated cells of elongated form and provided with

numerous processes developed from the cells of the dental papilla, which at that

early stage consist of a fine fibrous tissue containing a niimber of cells, likened

by Waldoyer to the structure of old

atrophied umbilical cords, the elastic 333-

tissue only being absent. The odonto-

blasts send out processes, which, as

they grow, become calcified externally,

the calcified portion forming the ivory,

Dcntfi] sac of a huiiiaii euibrjo at an advanced stage

of development, paxtly diagrammatic, a. Wall of

the sac, formed of connective tissue with its outer
stratum a) and its inner a^. 6. Enamel organ, with
its papillary and parietal layer of cells. c, d. The
enamel-membrane and enamel-prisms, e. Dentine
cells. /. Dental gci-m and capillaries, ff, i. Ti'ansi-

tion of the wall of the follicle into the tissue of the
dental germ.

Conine tooth of man, presenting a portion of the ti-ans-

verse section of the root. i. Cement with large
lacunas and p.aral]el strise. 2. Interglobular sub-
stance. 3. Dentinal tubules. (Magnified 300 diams.)

the uncalcified part the dentinal fibres (Tomes's fibres), and the lateral processes

tlie branches of anastomosis whereby the dentinal canals anastomose. The re-

mains of the odontoblasts themselves form what is known as the ' membrana
eboris ' of Kolliker, a cellular la_yer which forms the investment of the pulp

lying between its nerves and vessels and the dentine.

The cement is ordinary bone, containing canallouli and lacnniB, and developed

from the deeper tissues of the foetal jaw, exactly as bone is produced in other parts

cf the body by periosteal ossification. Haversian canals are found, according to

Salter, where the cement is thick.

The germs of the milk teeth make their appearance in the following order :

at the seventh week, the germ of the first molar of the upper jaw appears ; at the

eighth week, that for the canine tooth is developed : the two incisor papillae

appear about the ninth week (the central preceding the lateral) : lastly, the

second molar papilla is seen at the tenth week, behind the anterior molar. The
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Development of Teeth
(after GoodEir's description).

Fic. 334-

^

335-

336.

teeth of the lower jaw appear rather later, the first molar papilla being only just

visible at the seventh week ; and the tenth papilla not being developed before the

eleventh week. This completes the first or pajsillary stage of their development.

According to Goodsir's description the dental groove now becomes contracted,

its margins thickened and prominent, and the groove is converted into follicles

for the reception of the papillae, by the growth of membranous septa, which pass

across the groove between its borders (fig. 334). The follicles by this means
become the alveoli, lined by periosteum, from

the bottom of which the process of the mucotis

membrane of the gum rises, which is the germ
of the future tooth. The follicle for the first

molar is complete about the tenth week; the

canine follows next, succeeded by the follicles

for the incisors, which are completed about the

eleventh or twelfth week ; and, lastly, the

follicle of the posterior molar is completed

about the fourteenth week. These changes

constitute the second or follicular stage.

About the thirteenth week, the papillfe begin

to grow rapidly, project from the follicles, and

assume a form corresponding with that of the

future teeth : the follicles soon become deeper,

and from their margins small membranous

processes, or opercula, are developed, which,

meeting, unite and form a lid to the now closed

cavity (fig. 335). These processes correspond

in shape to the form of the crown of the

tooth, and in number to the tubercles on its

surface. The follicles of the incisor teeth have

two opercula, the canine three, and the molars

four or five each. The follicles are thus con-

verted into dental sacs, and the contained

papillae become pulps. The lips of the dental

groove gradually advance over the follicles from

behind forwards, and, uniting, gradually ob-

literate it. This completes the third or saccular

stage, which takes place about the end of the

fifteenth week.

The deep portion of the primitive dental

groove is now closed in ; but the more super-

ficial portion, near the surface of the gum,

still remains open ; it is called, by Mr. Goodsir,

the secondary dental grooiw ; from it are

developed the ten anterior permanent teeth.

About the fourteenth week, certain lunated

depressions are formed, one behind each of

the sacs of the rudimentary milk teeth. They

are ten in number in each jaw, and are

formed successively from before backwards
;

they are the rudimentary follicles of the> four
r^«-rv„„r r^.„„

permanent incisors, the two canine, and the four bicuspids. As the secondary

dental groove closes in, the follicles become closed cavities of reserve (fig. 335).

The cavities soon elongate and recede from the surface into the substance of the

gum, behind the sacs of the deciduous teeth, and a papilla projects from the

bottom of each, which is the germ of the permanent tooth ; at the same time, one

or more opercula are developed from the sides of the cavity ; and these, uniting,

divide it into two portions ; the lower portion containing the papilla of the perma-

nent tooth, the upper narrower portion becoming gradually contracted in the same

S^^

f c. 337.

£ru;a,o i «fJilUk.-li,«t/i
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way that the primitive dental groove was obliterated over the sacs of the deciduous

teeth (fig. 336).

The six posterior permanent teeth in each jaw, three on each side, arise from

successive extensions backwards of the back part of the primitive dental groove.

During the fourth montli, that portion of the dental groove which lies behind the

last temporary molar follicle remains open, and from it is developed the papilla,

the rudiment of the first permanent molar. The follicle in which it is contained

becomes closed by its operculum, and the upper part of the newly-formed sac

elongates backwards to form a cavity of reserve, in which the papilla of the

second permanent molar appears at the seventh month after birth. After a con-

siderable interval, during which the sacs of the first and second permanent molars

have considerably increased in size, the remainder of the cavity of reserve presents

for the last time a series of changes similar to the preceding, and gives rise to

the sac and papilla of the wisdom-teeth, which appear at the sixth year.

The chief difference, therefore, between Goodsir's description and those of later

anatomists is that be did not recognise the epithelial origin of the enamel,

describing merely the ' opercula,' which in the modern description would be

recognised only as part of the ordinary connective tissue in which the papilla is

embedded (fig. 332, a). The origin of the dentinal fibres from the odontoblasts is

another matter of primary imjjortance which was not recognised in the older

descriptions.

Eruption. When the calcification of the diiferent tissues of the tooth is sufii-

ciently 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 it, which

is itself pressed up by the increasing size of the fang (fig. 337). At the same
time, the septa between the dental sacs, at first fibrous in structure, ossify, and
constitute the alveoli ; these firmly embrace the necks of the teeth, and afibrd 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 periods for the eruption of the temporary set are :

7th month, central incisors. 14th to 20th month, canine.

7th to loth month, lateral incisors. i8th to 36th month, posterior molars.

i2tb to 14th month, anterior molars.

Calcification of the permanent teeth commences a little before birth, and pro-

ceeds in the following order in the upper jaw, in the lower jaw a little earlier :

—

First molar, five or six months ; the central incisor, a little later ; lateral incisors

and canine, about the eighth or ninth month ; the bicuspids at the second year

;

second molar, five or six years ; wisdom tooth, about twelve years.

Previous to the permanent teeth penetrating the gum, the bony partitions

which separate their sacs from the deciduous teeth are absorbed, the fangs of the

temporary teeth disappear, and the permanent teeth become placed under the loose

crowns of the deciduous teeth ; the latter finally become detached, and the perma-

nent teeth take their place in the mouth

.

The eruption of the permanent teeth takes place at the following periods, the

teeth of the lower jaw preceding those of the upper by a short interval :

—

6^ years, first molars.
, loth year, second bicuspid.

7th year, two middle incisors. nth to 12th year, canine.

8th year, two lateral incisors. 12th to 13th year, second molars.

9th year, first bicuspid. 17th to 21st year, wisdom-teeth.

The Palate.

The Palate forms the roof of the mouth ; it consists of two portions, the hard
palate in front, the soft palate behind.



6iS ORGANS OF DIGESTION.

The liard 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
are intimately adherent together. Along the middle line is a linear ridge or raphe,

which terminates anteriorly in a small papilla, corresponding with the inferior

opening of the anterior palatine fossa. This papilla receives filaments from the

naso-palatine and anterior palatine nerves. On either side and in front of the

raphe, the mucous membrane is thick, pale in colour, and corrugated ; behind, it is

tbin, smooth, and of a deeper colour : it is covered with 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 moveable 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 aponeui'osis, vessels, nerves, and mucous glands. When occu-

pying its usual position (i.e. relaxed and pendent), its anterior surface is concave,

continuous with the roof of the mouth, and marked by a median ridge or raphe,

which indicates its original separation into two lateral halves. Its posterior

surface is convex, and continuous with the mucous 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 pendu-

lous 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 pillars of the soft palate.

The anterior pillar runs downwards., outwards, and forwards to the side of the

base of the tongue, and is formed by the projection of the Palato-glossus muscle,

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 palate ; below

by the tongue ; and on each side, by the pillars of the soft palate and tonsils.

The mucous viemhrdne 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. The palatine 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 hard palate, and becoming thinner towards the free margin of the velum.

It is blended with the aponeurotic tendon of the Tensor palati muscle.

The muscles of the soft palate are five on each side : the Levator palati. Tensor
palati, Palato-glossus, Palato-pharyngeus, and Azygos uvulffi (see p. 232).

The tonsils {amygdalae) are two glandular organs, situated one on each side of

the fauces, between the anterior and posterior pillars of the soft palate. They are

of a rounded form, and vary considerably in size in different individuals. Exter-

nally, the tonsil is in relation with the inner surface of the Superior constrictor

(beyond which are the internal carotid and ascending pharyngeal arteries), and

corresponds to the angle of the lower jaw. Its inner surface presents from twelve to

fifteen orifices, leading into small recesses, from which numerous follicles branch

out into the substance of the gland. These follicles are lined by a continuation of

the mucous membrane of the pharynx, covered with epithelium, their walls being

formed by a layer of closed capsules embedded in the submucous tissue. These

capsules are analogous to those of Peyer's glands ; they contain a thick greyish

secretion.
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Tbe arteries supplying the tonsil are the dorsalis lingnse from the lingual, the

ascending palatine and tonsillar from the facial, the ascending pharyngeal from the

external carotid, and the descending palatine branch of the internal maxillary.

The veins terminate in the tonsillar plexus, on the outer side of the tonsil.

The nerves are derived from the fifth, and from the glosso-pharyngeal.

The Salivaet Glands. (Fig, 338.)

The 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 {Trapa, near ; ovq,

i)T('ic, the ear), is the largest of the three salivary glands, varying in weight from

half an ounce to an ounce. It lies upon the side of the face, immediately below

and in fi-ont of the external ear. It is limited above by the zygoma ; below, by
the angle of the jaw, and by a horizontal line drawn between it and the mastoid

process : anteriorly, it extends to a variable extent over the Masseter muscle
;

posteriorly, it is bounded by the external meatus, the mastoid process, and the

Sterno-mastoid and Digastric muscles, slightly overlapping the former.

338.—The Salivary Glands.

Its anterior surface is grooved to embrace the posterior margin of the ramus of

the lower jaw, and advances forwards beneath the ramus, between the two ptery-

goid muscles. Its outer surface, slightly lobulated, is covered by the integument

and fascia, and has one or two lymphatic glands resting on it. Its inner 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

Sterno-mastoid muscle; the other is situated in front of the styloid process, and

passes into the back part of the glenoid fossa, behind the ai-ticulation of tbe lower

jaw. Embedded in its substance is the external carotid arteiy, which ascends

behind the ramus of the jaw ; the posterior auricular artery emerges from the
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gland behind ; the temporal artery above ; the transverse facial in front ; and the

internal maxillary winds through it inwards, behind the neck of the jaw. Super-

ficial 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 traverses the gland. It is also traversed, from before backwards, by the facial

nerve and its branches, which emerge at its anterior border ; the great auricular

nerve pierces the gland to join the facial, and the temporal branch of the inferior

maxillary nerve lies above 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 (Steno's) is about two inches and a half in

length. It opens upon the inner surface of the cheek by a small orifice, opposite

the second molar tooth of the upper jaw ; and from this orifice it may be traced

obliquely for a short distance beneath the mucous membrane, and thence through

the substance of the Buccinator muscle, and across the Masseter to the anterior

border of the gland, in the substance of which it commences by numerous branches.

The direction of the duct corresponds to a line drawn across the face about a

finger's breadth below the zygoma, from the lower part of the concha, to midway
between the free margin of the upper lip and the ala of the nose. While crossing

the Masseter, it receives the duct of a small detached portion of the gland, socia

parotidis, which occasionally exists as a separate lobe, just beneath the zygomatic

arch. 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

columnar epithelium.

Vessels and Nerves. The arteries supplying the parotid gland are derived from

the external carotid, and from the branches given ofl^ by that vessel in or near its

substance. The veins follow a similar course. The lijmijliatics terminate in the

superficial and deep cervical glands, passing in their course through two or three

lymphatic glands, placed on the surface and in the substance of the parotid. The
nerves are derived from the carotid plexus of the sympathetic, the facial, and the

superficial temporal branches of the auriculo-temporal, and great auricular nerves.

The Suhmoinllary 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 Mylo-hyoid.

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 mnscle. The facial artery lies embedded in a groove in

its posterior and upper border.

The duct of the submaxillary gland (Wharton's) is about two inches in length,

and its walls are much thinner than those of the parotid duct. It opens by a

narrow orifice on the summit of a small papilla, at the side of the frsennm

linguas. Traced from thence, it is found to pass between the sublingual gland

and the Genio-hyo-glossus muscle, then backwards and outwards between the

Mylo-hyoid, and the Hyo-glossus and Genio-hyo-glossus muscles, and above tht

gustatory nerve, to the deep portion of the gland, where it commences by

numerous branches.

Vessels and Nerves. The arteries supplying the submaxillary gland are branches

of the facial and lingual. Its veins follow the course of the arteries. The nerves

are derived from the submaxillary ganglion, from the mylo-hyoid branch of the

inferior dental, and from the sympathetic.

The Sublingual gland is the smallest of the salivary glands. It is situated

beneath the mucous membrane of the floor of the mouth, at the side of the

freenum linguas, in contact with the inner surface of the lower jaw, close to the

symphysis. It is narrow, flattened, in shape somewhat like an almond, and weighs
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about a drachm. It is in relation, above, witla the mucous membrane; helow, with

the Mylo-hyoicl muscle ; in front, with the depression on the side of the symphysis

of the lower jaw, and with its fellow of the opposite side ; hejdnd, with the deep

part of the submaxillary gland ; and itdenially, with the Genio-hyo-glossus, from

which it is separated by the lingual nerve and Wharton's duct. Its excretory

ducts (ductus Miviiiiani), from eight to twenty in number, open separately into

the mouth, on the elevated crest of mucous membrane, caused by the projection of

the gland, on either side of the frjenum linguEe. One or more join to form

a tube which opens into the Whartohian duct ; this is called the duot of

Bartholine.

Vessels and Nerves. The sublingual gland is supplied with blood from the

sublingual and submental arteries. Its nerves are derived from the gustatory.

Structure. The salivary are conglomei-ate 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 numerous closed vesicles, which
open into a common duct ; the wall of each vesicle is formed of a delicate base-

ment membrane, lined by epithelium, and covered on its outer surface with a

dense capillary network. In the submaxillary and sublingual glands, the lobes

are larger and more loosely united than in the parotid.

The Pharynx.

The Pharynx is that part of the alimentary canal which is placed behind the

nose, mouth, and larynx. It is a musculo-membranous sac, somewhat 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 fifth cervical vertebx-a

behind.

The pharynx is about four inches and a half in length, and broader in the

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 basilar process of the occipital bone
;

below, it is continuous with the oesophagus
;

posteriorly, it is connected by loose

areolar tissue with the cervical portion of the vertebral column, and the Lougi
colli and Recti capitis antici muscles ; anteriorhj, 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 larynx ; 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 eighth, ninth, and
sympathetic nerves, and above, with a small part of the Internal pterygoid

muscles.

It has seven openings communicating with it ; the two posterior nares, the two
Eustachian tubes, the mouth, larynx, and cesophagns.

The posterior nares are the two large apertures situated at the upper part of
the anterior wall of the pharynx.

The two Eustachian tubes open one at each sideof the upper jsart of the pharynx,
at the back part of the inferior meatus. Below the nasal fossee are the posterior

surface of the soft palate and uvula, the large aperture of the mouth, the base of

the tongue, the epiglottis, and the cordiform opening of the larynx.

The cesophageal opening is the lower contracted portion of the pharynx.
Structure. The pharynx is composed of three coats : mucous, fibrous, and mus-

cular.

The fibrous coat is situated between the mucous and muscular layers, and is

called the pliaryngeal aponeurosis. It is thick above, where the muscular fibres

are wanting, and is firmly connected to the basilar process of the occipital and
petrous portion of the temporal bones. As it descends, it diminishes in thickness

and is gradually lost.

The mucous coat is continuous with that lining the Eustachian tubes, the nares
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the mouth, and the larynx. It is covered by columnar ciliated epithelium, as

low down as on a level with the floor of the nares ; below that point, the epithelium
is of the squamous variety.

The muscular coat has been already described (p. 231).

The pharyngeal glands are of two kinds : the simple, or compound follicular,

which are found in considerable numbers beneath the mucous membrane, through-
out the entire pharynx ; and the racemose, which are especially numerous at the

upper part of the pharynx, and form a thick layer, across the back part of the

fauces, between the two Eustachian tubes.

The QEsophagus.

The Oesophagus is a membranous canal, about nine inches in length, extending

from the pharynx to the stomach. It commences at the lower border of the

cricoid cartilage, opposite the fifth cervical vertebra, 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 ninth dorsal vertebra. The general direction of the oesophagus is vertical

;

but it presents two or three slight curvatures in its course. At its commence-
ment, it is placed in the median line ; 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 Dia-

phragm. The cBSophagus also presents an antero-posterior flexure, corresponding

to the curvature of the cervical and thoracic portions of the spine. It is the

narrowest part of the alimentary canal, being most contracted at its commence-
ment, and at the point where it passes through the Diaphragm.

Relaiions. In the nech, the oesophagus is in relation, 171 front, with the trachea :

and, at the lower part of the neck, where it projects to the left side, with the

thyroid gland and thoracic duct ; heliind, it rests upon the vertebral column

and Longus colli muscle ; 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 lateral lobes

of the thyroid gland ; the recurrent laryngeal nerves ascend between it and the

trachea.

In the thorax, it is at first situated a little to the left of the median line ; it then

passes across the left side of the transverse part of the aortic arch, and descends

in the posterior mediastinum, along the right side of the aorta, nearly to the

Diaphragm, where it j)asses 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 surface of the pericardium ; behind, it rests upon the vertebral column,

the Longus colli, and the intercostal vessels ; and below, near the Diaphragm, upon
the front of the aorta ; lateralhj it is covered by the pleurse : the vena azygos

major lies on the right, and the descending aorta on the left side. The pneumo-
gastric nerves descend in close contact with it, the right nerve passing down
behind, and the left nerve in front of it.

Surgical Anatomy. —The relations of the oesophagus are of considerable practical interest

to the surgeon, as he is fi'equently required, in cases of stricture of this tube, to dilate the

canal by a bougie, when it becomes of impoi'tance that the direction of the (esophagus, and
its relations to surrounding parts, should be remembered. In cases of malignant disease of

the oesophagus, where its tissues have become softened from infiltration of the morbid de-

posit, the greatest care is requisite in directing the bougie through the strictm-ed part, as a

false passage may easily be made, and the instnmient may pass into the mediastinum, or into

one or the other pleni'al cavity, or even into the pericardium.

The student shoidd also remember that contraction of the oesophagus, and consequent

symptoms of stricture, are occasionally produced by an aneurism of some part of the aorta

pressing upon tliis tube. In such a case, the passage of a bougie could only hasten the

fatal issue.

It occasionally happens that a foreign Ijody becomes impacted in the oesophagus, which
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can neither be broujrht upwards nor moved downwards. When all ordinary means for its

removal have failed, excision is the only resource. This, of coiirse, can only be performed

when it is not very low down. If the foreign body is allowed to remain, extensive inflam-

mation and ulceration of the oesophagas ma)' ensue. In one case with which I am acquainted,

the foreign body ultimately penetrated the intervertebral substance, and destroyed life by
inflammation of the membranes and substance of the cord.

The operation of cesophagotomy 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 tlie 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
muscle, and the fibres of the Sterno-hyoid and Sterno-thyroid muscles, must be drawn
inwards ; the sheath of the carotid vessels being exposed, should be drawn outwards, and

retained in that position by retractors : the oesophagus wiU then be exposed, and should be

divided over the foreign body, which should then be removed. Great care is necessary to

avoid wounding the thyroid vessels, the thyroid gland, and the laryngeal nerves.

Structure. The oesophagus has three coats ; an external, or muscular ; a middle,

or cellular ; 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.

The longitudinal fibres are arranged at the commencement of the tube, in three

fasciculi : one in front, which is attached to the vertical ridge on the posterior

surface of the cricoid cartilage ; and one at each side, which are 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.

The circular fibres are continuous above with the Inferior constrictor ; their

direction is transverse at the upper and lower parts of the tube, but oblique in

the central part.*

The muscular fibres in the upper part of the oesophagus are of a red colour, and

consist chiefly of the striped variety ; but below, they consist entirely of the invo-

luntary muscular fibre.

The cellular coat connects loosely the mucous and muscular coats.

The mucous coat is thick, of a reddish colour above, and pale belov<'. It is dis-

posed 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

squamous epithelium.

The oesophageal glands are numerous small compound glands, scattered through-

out the tube ; they are lodged in the submucous tissue, and 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.

The AbdomeS.

The Abdomen is the largest cavity in the body, and is separated, below, from

the pelvic cavity by the brim of the pelvis. It is of an oval form, the extremities

of the oval being directed upwards and downwards ; it is wider above than below,

and measures more in the vertical than in the transverse diameter.

Boundaries. It is bounded, in front and at the sides, by the lower ribs, the

Transversalis muscle, and the venter ilii ; behind, by the vertebral column, and the

Psoas and Quadratus lumborum muscles ; above, by the Diaphragm ; beloiv, by the

brim of the pelvis. The muscles forming the boundaries of the cavities are lined

upon their inner surface by a layer of fascia, differently arranged according to the

part to which it is attached.

The abdomen contains the greater part of the alimentary canal ; some of the

* Accessoiy slips of muscular fibres are described by Dr. Cunningham as passing between
the cesophagus 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.

—

{Journal of Anat. and Phys.,

vol. X. p. 320.)
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accessory organs to digestion, viz., the Hver, pancreas, and spleen ; and the kidneys

and suprarenal capsules. Most of these structures, as well as the wall of the

cavity in which they are contained, are covered by an extensive and complicated

serous membrane, the j^eritoneum.

The aper-tiires found in the walls of the abdomen, for the transmission of strac-

tures to or from it, are the umbilicus, for the transmission (in the foetus) of the

nmbilical vessels ; the caval opening in the Diaphragm, for the transmission of the

inferior vena cava ; the aortic opening, for the passage of the aorta, vena azygos,

and thoracic duct ; and the oesophageal opening, for the oesopliagns and pneumo-

gastric nerves. Below, there are two apertures on each side : one for the passage

of the femoral vessels, and the other for the transmission of the spermatic cord iu

the male, and the round ligament in the female.

339.—The Regions of the Abdomen and their Contents.

(Edge of Costal Cartilages ia dotted outline.)

Itegions. For the convenience of description of the viscera, as well as of reference

to the morbid condition of the contained parts, the abdomen is artificially divided

into nine regions. Thus, if two circular lines are drawn round the body, the one

parallel with the cartilages of the ninth ribs, and the other with the highest point

of the crests of the ilia, the abdominal cavity is divided into three zones, an upper,

a middle, and a lower. If two parallel lines are drawn from the cartilage of the

eio-hth rib on each side, down to the centre of Poupart's ligament, each of these

zones is subdivided into three parts, a middle and two lateral.

The middle region of the upper zone is called the epigastric (eti, over ; yanTrip,

the stomach) ; and the two lateral regions, the right and left hypochondriac {vko,

under; xo'^poi, the cartilages). The central region of the middle zone is the m;)i-
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bilical ;
and the two lateral regions, the right and left lumbar. The middle region

of the lower zone is the hypogasirio or picbic region ; and the lateral regions are
the right and left inguinal. The viscera contained in these different regions are
the following (fig. 339) :

—

Right Hypochondriac.

The right lobe of the

liver and the gall-bladder,

the duodenum, pancreas,

hepatic flexure of the

colon, upper part of the

right kidney, and the

right suprarenal capsule..

Epigastric Region. Left Hypochondriac.

The middle and pyloric The splenic end of the

end of the stomach, left stomach, the spleen and
lobe of the liver and lobulus extremity of the pancreas,

Spigelii, and the pancreas, the splenic flexure of the

colon, upper half of tho

left kidney, and the left

suprarenal capsule.

TJrnbilical Region. Left Lumbar.Right Lumbar,

Ascending colon, lower The transverse colon, Descending colon, part

part of the right kidney, part of the great omen- of the omentum, lower
and some convolutions of turn and mesentery, trans- part of the left kidney, and

verse part of the duode- some convolutions of the

num, and some convolu- small intestines.

tions of the jejunum and
ileum.

the small intestines

Right Liguinal.

The cEecum, appendix

casci, and ureter.

Hypogastric Region.

Convolutions of the

small intestines, the blad-

der in children, and in'

adults if distended, and

the uterus during preg-

nancy.

Left Inguinal.

Sigmoid flexure of the

colon, and ureter.

The Peritoneum.

The Peritoneum {Trept-cii'ew, to extend around) is a serous membrane ; and, like

all membranes of this class, a shut sac. In the female, however, it is not com-

pletely closed, the Fallopian tubes communicating with it by their free extremities

;

and thus the serous membrane is continuous with their mucous lining.

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 pai'ietal

layer. The free surface of the peritoneum is smooth, moist, and covered by a thin

squamous epithelium ; its attached surface is rough, being connected to the viscera

and inner surface of the parietes by means of areolar tissue, called the subpei-itoneal

areolar tissue. The parietal portion is loosely connected 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.

In order to trace the reflections of this membrane (fig. 340), the abdomen
having been opened, the liver should be raised and supported in that position, 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 of the stomach : this is

the lesser or gastro-hepatic omentum. It consists of two delicate layers of peri-

toneum, an anterior and a posterior, between which are continued the hepatic

vessels and nerves. Of these two layers, the anterior should first be traced, and

then the posterior.

S S



626 ORGANS OF DIGESTION.

The antej'ior layer descends to the lesser curvature of the stomach, and covers

its anterior surface as far as the great curvature : it descends for some distance 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, forms

the inferior layer of the transverse mesa-colon. It then descends in front of the

duodenum, the aorta, and vena cava, as far as 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

340.—The Reflections of the Peritoneum, as seen in a vertical

Section of the Abdomen.

the abdomen. From the root of the mesentery, it descends along the front of the

spine into the pelvis, and surrounds the upper part of the rectum, which it holds

in its position by means of a distinct fold, the meso-rectum. Its course in the male
and female now diifers.

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 in front of the rectum, covers a small

part of the posterior wall of the vagina, and is then reflected on to the uterus, the

fundus and body of which it covers. From the sides of the uterus, it is reflected

on each side to the wall of the pelvis, forming the broad ligaments ; and from the

anterior surface of the uterus it ascends upon the posterior wall of the bladder,

as far as its summit. From this point it may be traced, as in the male, ascending
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upon the anterior parietes of the abdomen, to the under surface of the Diaphragm

;

from -which it is reflected upon the liver, forming the upper layer of the coronary,

and the lateral and longitudinal ligaments. It then covers the upper and under
surfaces of the liver, and at the transverse fissure becomes continuous with the

anterior layer of the lesser omentum, the point whence its reflection was originally

traced.

The posterior 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, and, returning upon
itself to the transverse colon, forms the internal layer of the great omentum ; it

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 sur-

face of that muscle, from which it is reflected on to the posterior border of the liver,

forming the inferior layer of the coronary ligament. From the under surface of

the liver it may be traced to the transverse fissure, where it is continuous with the

posterior layer of the lesser omentum, the point whence its reflection was originally

traced.

The space included in the reflections of this layer of the peritoneum is called

the lesfser 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 great

omentum ; hehind, by the ascending part of the great omentum, the transverse

colon, transverse meso-colon, and its ascending layer ; ahove, by the liver ; and
helow, 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.

The foravien of Winslow is bounded in front by the lesser omentum, enclosing

the vena portiB and the hepatic artery and duct ; behind, by the infei-ior vena cava;

ahove, by the lobulus Spigelii ; below, by the hepatic artery curving forwards from

the coeliac axis.

This foramen is nothing more than a constriction of the general peritoneal

cavity at this point, caused by the hepatic and gastric arteries passing forwards

from the cceliac axis to reach their respective viscera.

The viscera thus shown to be almost entirely invested by peritoneum are the

liver, stomach, spleen, first portion of the duodenum, the jejunum, and ileum, the

transverse colon, sigmoid flexure, upper end of the rectum, the uterus, and

ovaries.

The viscera only partially invested by peritoneum are the descending and

transverse portions of the duodenum, the caecum, the ascending and descending

colon, the middle portion of the rectum, and the upper part of the vagina and

posterior wall of the bladder. The kidneys, suprarenal capsules, and pancreas are

covered by the membrane without receiving any special investment from it.

The lower end of the rectum, the neck, base, and anterior surface of the bladder,

the whole of the front, and the lower 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 the 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 are called omenta, which proceed from the stomach to certain

viscera in its neighbourhood.

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-splenic

omentum.
s s 2
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The lesier omentum (gastro-Jiepatic) is the duplicaturfe whioli extends between

the transverse fissure of the hyer and the lesser curvature of the stomach. It is

extremely thin, and consists, as before said, of two layers of peritoneum. At the

left border its two layers pass on to the end of the cesophagus ; but at the right

border, where it is free, they are continuous, and form a free rounded margin,

which contains between its layers the hepatic artery, the ductus communis chole-

dochus, and portal vein, lymphatics and the hepatic plexus of nerves—all these

structures being enclosed in loose areolar tissue, called Glisson^s capsule. Between

the layers where they are attached to the stomach lie the coronaria ventriculi

artery .and the pyloric branch of the hepatic anastomosing with it.

The great oonentuni {cjastro-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, iu 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. Be-

tween its layers is the anastomosis between the right and left gastro-epiploica

arteries.

The gastro-splenic 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 the splenic vessels and vasa brevia.

The Mesenteries are, the mesentery proper, the meso-csscum, the ascending

transverse, and descending meso-colon, the sigmoid meso-colon, and the meso-

rectum.

The mesentery (^eVh)', 'tvrepoi'), so called from being connected to the middle of

the cylinder of 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 with the vertebral column, is narrow, about six inches

in length, and directed obliquely from the left side of the second lumbar vertebra

to the right sacro-iliac symphysis. 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 border, is about four inches.

Its upper harder is continuous with the under surface of the transverse meso-

colon ; its lower border, with the peritoneum covering the csecum and ascending

colon. It serves to retain the small intestines in their position, and contains

.between its layers the mesenteric vessels and nerves, the lacteal vessels, and

mesenteric glands.

The meso-ca cum, when it exists, serves to connect the hack part of the CEecum

with the right iliac fossa ; more frequently, the peritoneum passes merely in front

of this portion of the large intestine.

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 ineso-

colon retains the descending colon in connection with the posterior abdominal

wall ; more frequently, the peritoneum merely covers the anterior surface and

sides of these two portions of the intestine.

The transverse meso-colon is a broad fold, which connects the transverse colon

with the posterior wall of the abdomen. It is formed by the two ascending layers

of the great omentum, which, after separating to surround the transverse colon,

join behind it, and are continued backwards to the spine, where they diverge in
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front of the duodeuum, as already meutioned. This fold contains between its

layers the vessels which supply the transverse colon.

The sigmoid mesu-colon is the fold of peritoneum which retains the sigmoid

.flexure in connection with the left iliac fossa.

The meso-reotum is the narrow fold which connects the upper part of the rectum

with the front of the sacrum. It contains the hosmorrhoidal vessels.

The appendices epiploicce 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.

The Stomach.

The Stomach is the principal organ of digestion. It is the most dilated part

of the alimentary canal, serving for the solution and reduction of the food, which

constitutes the process of chymification. It is situated in the left hypochondriac,

the epigastric, and part of the right hypochondriac regions. Its form is irregularly

conical, curved upon itself, and presenting a rounded base, turned to the left side.

It is placed immediately behind the anterior wall of the abdomen, above the

transverse colon, below the liver and the Diaphragm. Its size varies considerably

in different subjects, and also according to its state of distension. When mode-

rately full, its transverse diameter is about twelve inches, its vertical 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.

Its Jeft 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 spleen, to which it is connected

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,

the under surface of the liver, and the neck of the gall-bladder.

The oesophageal or cardiac orifice communicates with the oesophagus ; it is the

highest part of the stomach, and somewhat funnel-shaped.

The pyloric orifice communicates with the duodenum, the aperture being guarded

by a kind of valve

—

the pylorus.

The lesser curvature extends between the oesophageal and pyloric orifices, along

the upper 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 lower

border, and gives attachment to the gi'eat omentum. The surfaces of the organ

are limited by these two curvatures.

The anterior surface is directed upwards and forwards, and is in relation with

the Diaphragm, the under surface of the left lobe of the liver, and with the

abdominal parietes, in the epigastric region.

The posterior surface is directed downwards and backwards, and is in relation

with the pancreas and great vessels of the abdomen, the crura of the Diaphragm,

and the solar plexus.

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

gastro-phrenic ligament : this constitutes the most fixed point of the stomach,

whilst the pyloric end and greater curvature are the most movable parts
; hence

when the stomach becomes greatly distended, the greater curvatui'e is directed

forwards, whilst the anterior and posterior surfaces are directed, the former

upwards, and the latter downwards.



630 ORGAlSrS OF DIGESTION.

Alterations in Positions.—There is no organ in the body the position and connections of

which present such frequent alterations as the stomach. During inspiration, it is displaced

downwards by the descent of the Diaphragm, and elevated by the pressure of the abdominal
muscles during expiration. Its position in relation to the surrounding viscera is also changed,
according to the empty or distended state of the organ. TVhen empty, it occupies only a
small part of the left hypochondriac region, the spleen lying behind it ; the left lobe of the

liver covers it in front, and the under surface of the heart rests upon it above, and in front

;

being separated from it by the left lobe of the liver, besides the diaphi-agm and pericardium.

This close relation between the stomach and the heart explains the fact that, in gastralgia,

the pain is generally referred to the heart, and is often accompanied by palpitation and inter-

mission of the pulse. . When the storiiach is distended the Diaphragm is forced upwards, con-
tracting the cavity of the chest; hence the dyspnoea complained of, from inspiration being-

impeded. The heart is also displaced upwards ; hence the oppression in this region, and
the palpitation experienced in extreme distension of the stomach. Pressure from without,

as from tight lacing, pushes the stomach down towards the pelvis. In disease, also, the
position and connections of the organs may be greatly changed, from the accumulation of

fluid iu the chest or abdomen, or from alteration in size of any of the surrounding viscera.

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 communi-
cates with the duodenum.

341.—The Mucous Membrane of the Stomach and Duodenum with the Bile Ducts.

CilJ:tif

The pylorus is formed by a reduphcation 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.
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Structure.—The stomach consists of four coats : a serous, a muscular, a cellular,

and a mucous coat, 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 pass.

The musoidar coat (fig. 342) is situated immediately beneath the serous covering.

It consists of three sets of fibres : longitudinal, circular, and oblique.

The longitudinal fibres are most superficial ; they are continuous with the longi-

tudinal fibres of the oesophagus, radiating in a stellate manner from the cardiac

orifice. They are most distinct along the curvatures, especially the lesser ; but are

very thinly distributed over the surfaces. At the pyloric end, they are more
thickly distributed, and continuous with the longitudinal fibres of the small

intestine.

342.—The Muscular Coat of the Stomach.

^"'^^XJTT

The circular fibres form a uniform layer over the whole extent of the stomach,

beneath the longitudinal fibres. At the pylorus they are most abundant, and are

aggregated into a circular ring, which projects into the cavity, and forms, with
the fold of mucous membrane covering its surface, the pyloric valve.

The oblique fibres are limited chiefly to the cardiac end of the stomach, where
they are disposed as a thick uniform layer, covering both surfaces, some passing

obliquely from left to right, others from right to left, round the cardiac orifice.

The cellular coat consists of a loose, filamentous, areolar tissue, connecting the

mucous and muscular layers. It is sometimes called the submucous coat. It

supports the blood-vessels previous to their distribution to the mucous membrane
;

hence it is sometimes called the vascular coat.

The 7nuaotis membrane of the stomach is thick ; its surface smooth, soft, and
velvety. During infancy, and immediately after death, it is of a pinkish tinge

;

but in adult life and in old age, it becomes of a pale straw or ash-grey colour. 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 rugge, which,

for the most part, have a longitudinal direction, and are most marked towards the
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lesser end of the stomach, and along the greater curvature (fig. 341). These folds

are entirely obliterated when the organ becomes distended.

Structure of tlie mucous membrane (fig. 343).—When examined with a lens, the

inner surface of the 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^-jy to
-.jl-^

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, in the entire substance of the mucous membrane. They are short,

and simply tubular in character, towards the cardia ; but at the pyloric end, they

are longer, more thickly set, convoluted, and terminate in dilated saccular ex-

tremities, or are subdivided into from two to six tubular branches. Dr. Watney

343.—Minute Anatomy of Mucous Membrane of Stomach.

tf.
Moiillis ofTuLiill

has pointed out that these convoluted or coiled tubes form the transition from the

simple tubular follicles to the convoluted glands of Brunner which lie immediately

below the pylorus. The gastric follicles are composed of a homogeneous basement

membrane, lined upon its free surfaceby a layer of cells, which difier in their character

in different parts of the stomach. Towards the pyloi'us these tubes are lined

throughout with columnar epithelium ; they are termed the mucous glands, and are

supposed to secrete the gastric mucus. In other parts of the organ, the deep part

of each tube is filled with nuclei and a mass of granules ; above these are a mass

of nucleated cells, the upper fourth of the tube being lined by columnar epithelium.

These are called the peptic glands, and are the supposed agents in the secretion of

the gastric juice.

Simple follicles are found in greater or less number over the entire surface of

the mucous membrane ; they are most numerous near the pyloric end of the

stomach, and are especially distinct in early life. The epithelium lining the mucous
membrane of the stomach and its alveoli is of the columnar variety.

Vessels and Nerves.—The arteries supplying the stomach are, the coronaria

ventriculi, 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 submucous coat, and are finally distributed to the mucous membrane.
The arrangement of the vessels in the mucous membrane is somewhat peculiar.

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 othei-,

and ending in a plexus of larger capillaries, which surronnd the mouths of the

tubes, and also form hexagonal meshes around the alveoli. From these latter the

veins arise, which pursue a straight course back to the submucous tissue, between

the tubules, to terminate in the splenic and jjortal veins. The lymphatics are

numerous ; they consist of a superficial and deep set, which pass through the

lymphatic glands found along the two curvatures of the organ. The verves are the

terminal branches of the right and left pneumogastric, the former being distributed



SMALL INTESTINES. 633

upon the back, and tlie lattei- upon the front part of the organ. A gi'eat number

of branches from the sympathetic also supply the organ.

The Small Intestines.

The small intestine is that part of the alimentary canal in which the chyme is

mised with the bile, the pancreatic juice, and the secretions of the various glands

embedded in the mucous membrane of the intestine, and where the separation of the

nutritive principle of the food, the chyle, is effected : this constitutes chylification.

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 ; in relation, in front,

with the great omentum and abdominal parietes ; and connected to the spine by a

fold of peritoneum, the mesentery. The small intestine is divisible into three

portions : the duodenum, jejunum, and ileum.

The duod&ium has received its name from being about equal in length to the

breadth of twelve fingers (eight or 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 ; the convexity being directed towards the right, and the

concavity to the left, embi'acing the head of the pancreas. Commencing at the

pylorus, it ascends obliquely upwards and backwards to the under surface of the

liver ; it then descends in front of the right kidney, and passes nearly transversely

across the front of the spine, terminating in the jejunum on the left side of the

second lumbar vertebra. Hence the duodenum has been divided into three

portions : ascending, descending, and transverse.

The first, or ascending portion (fig. 344), about two inches in length, is free,

moveable, and nearly completely invested by the peritoneum, which forms the

lesser omentum. It is in relation, above and in front, with the liver and neck of

the gall-bladder ; behind, with the vessels which run between the layers of the lesser

omentum, viz., the hepatic artery and duct, and vena portas. This portion of the

intestine is usually found, after death, stained with bile, especially on its anterior

surface.

The second, or descending portion, about three inches in length, is firmly fixed

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 third lumbar

vertebra. It is covered by peritoneum only on its anterior surface. 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; 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 portion of the intestine obliquely, a little below

its middle.

The third, or transverse portion, the longest and narrowest part of the duo-

denum, passes across the front of the sjiine, ascending from the third to the

second lumbar vertebra, and terminating in the jejunum on the left side of that

bone. In front, though at some distance from it, is the descending layer of the

transverse meso-colon, or the divergence of the two layers of that structure, and it

is crossed by the superior mesenteric vessels ; behind, it rests upon the aorta, the

vena cava, and the crura of the Diaphragm ; above it, is the lower border of the

pancreas, the superior mesenteric vessels passing forwards between the two.

Vessels and Nerves.—The arteries supplying the duodenum are the pyloric

and ijanoreatico-duodenal branches of the hepatic, and the inferior pancreatico-

duodenal branch of the sujjerior mesenteric. The veins terminate in the gastro-

duodenal and superior mesenteric. The nerves are derived from the solar plexus.

The jejimiim (jejunus, empty), so called from being usually found empty after
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death, includes tlie upper two-fifths of the rest of the small intestine. It com-
mences at the duodenum on the left side 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 ilenm
; but there is no characteristic

mark to distinguish the termination of the one and the commencement of the

other.

3.14.—Relations of the Duodenum. (The Pancreas has heen cut away, except its head.)

The ileum (elXe'w, to twist), so called fi'om its numerous coils or convolutions,

includes the remaining three-fifths of the small intestine. It occupies chiefly the

umbilical, hypogastric, right iliac, and occasionally the pelvic regions, and ter-

minates in the right iliac fossa by opening into the inner side of the commence-

ment of the large intestine. The ileum is narrower, its coats thinner and less

vascular than those of the jejunum ; a given lengtli of it weighing less than the

same length of the jejunum.

Structure. The wall of the small intestine is composed of four coats : serous,

muscular, cellular, 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 descending portion, is covered by it only in front ; and the third, or transverse,

portion lies behind the descending layer of the transverse meso-colon, by which it
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is covered in frout. The remaining portion of the small intestine is surrounded

by the peritoneum, excepting along its attached or mesenteric border ; here a

space is left for the vessels and nerves to pass to the gut.

The muscular coat consists of two layers of fibres, an external or longitudinal,

and an internal or circular layer. The longitudinal fibres are thinly scattered

over the surface of the intestine, and are most 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, but do not form complete

rings. The muscular coat is thicker at the upper than at the lower part of the

small intestine.

The cellular, or submucous coat, connects together the mucous and muscular

layers. It consists of a loose, filamentous, areolar tissue, which forms a nidus for

the subdivision of the nutrient vessels, previous to their distribution to the mucous
surface.

The mucous membrane is tliick and highly vascular at the upper part of the

small intestine, but somewhat paler and thinner below. It presents for exami-

nation the following constituents :

—

Epithelium. Simple follicles.

Valvulee conniventes. f Duodenal glands.

Villi. Glands. < Solitary glands.

L Agminate or Peyer's glands.

The epithelium, covering the mucous membrane of the small intestine, is of the

columnar variety.

The valmdce conniventes (valves of Kerkring) are reduplications or foldings

of the mucous membrane and submucous tissue, containing no muscular fibres.

They extend transversely across the cylinder of the intestine for about three-

fourths or five-sixths of its circumference. The larger folds are about two inches

in length, and two-thirds of an inch in depth at their broadest jjart ; 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 dimi-

nish 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 valvulse 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, others

conical or cylindrical, with clubbed or filiform extremities. They are 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.

The structure of the villi has been studied recently by many eminent anatomists.

We shall here follow the description of Dr. Watney,* whose researches have a

most important bearing on the physiology of that which is the peculiar function

of this part of the intestine, the absorption of fat.

The essential parts of a villus are the lacteal vessel, the blood-vessels, the epi-

* Phil. Trans, vol. clxvi. pt. 2.
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thelium, tlie basement, membrane and muscular tissue of tbe mucosa, and the

cells and reticular tissue -svhicli till up the interspaces.

The lacteals are situated in the axis of the villi. They arise either by clubbed

or dilated extremities, or else b}' loops. In some few cases they are double, and in

animals multiple. They are composed of a single layer of epithelium. Forming a

sheath or adventitia to this epithelium, penetrating between the epithelial cells, is

(according to Dr. Watney) an abundant reticulum, along which he believes the

fat-grauules to travel. The pale muscular fibres which play so important a part in

345.—DiagTammalic Section of a Villus.

fn Enithclinm only partially sliadod in. I. Central chyle-Tessel. The celU forming the vessel have been less shailerl

to distingnish them from the cells o( the parenchyma of the villus, yn. Muscle fibres running up by the side of the

chyle-vessel. It will he noticed that each muscle fibre is surrounded by the reticuliun, and by this reticulum the

muscles ai-e' attached to the cells forming the membrana propria, .as at e', or to the reticulum of the villus.

Ic Lymph corpuscles, marked by a spherical nucleus and a clear zone of protoplasm. /'. Upper limit of the chyle-

vessel, e e e'. Cells forming the ruembrana propria. It will be seen that there is hardly any difference between

the cells of the parenchyma, the endotheUum of the tippfr pai-t of the chyle-vessel, and the cells of the mem-
brana propria. V. Blood-vessels. 2. 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 thicken-

ings or ' ncdal points.' The diagram shows that the cells of the upper part of the villus ai-e larger and contain ai

Larger zone of protoplasm than those of the lower pai-t. The cells of the upper part of the chyle-vessel differ

somewhat fi-om those of the lower part, in that they more nearlj- resemble the cells of the pai-enchyma.

the anatomy and functions of the villus are derived from the muscularis mucosas,

and they terminate in close relation with the cells of the villus {i.e. the cells whicl-

lie in the intei'stices of the capillary network outside the lacteal), where they

appear to be continuous with the reticnlutn. The capillaries lie around the villus,

and are also provided with a sheath of reticular tissue. The cpIIs of the villus are

large masses of protoplasm with an oval nucleus. Their size and the shape of

their nucleus, as well as their behaviour towards reagents, distinguish them,

accordino- to Dr. Watney, from the lymph corpuscles which are also met with in

smaller numbers, and which are much smaller and with a spherical nucleus. Transi-

tional forms, however, of all kinds are met with between the lymph corpuscles and the

cells of the villus. All these points are illustrated by the accompanying diagTam
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346.—Two Villi magnified.

by Dr. Watriey (fig. 345), for which I have to express my best thanks to him
and a comparison with fig. 346 will show the chief points in which the new differs

from the old description.

The simple fullicles, or crypts of Lieber-

kiihn, are found in considerable numbers
over every part of the mucous membrane
of the small intestine. They consist of

minute tubular 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 orifices appearing

as minute dots, scattered between the villi.

Their walls are thin, consisting of a layer of

basement membrane, lined by cylindrical

epithelium, and covered on their exterior by
capillary vessels. Their contents vary, even

in health, and the purpose served by their

secretion is still very doubtful.

The duodenal, or Brunnev's glands, are limited to the duodenum and com-

mencement of the jejunum. They are small, flattened, granular bodies, embedded
,n the submucous areolar tissue, and open upon the surface of the mucous mem-
brane 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. In structure

they resemble the pancreas.

The solitary glands (glandulce solitarice) are found scattered throughout the

mucous membrane of the small intestine, but are most numerous in the lower

Fig-. 347.—Transverse Section through the equatorial plane of three of Payer's Follicles from
the Rabbit.

UU

Capillary network, h. Large circular vessels.

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 openings of follicles of Lieberkiihn. Thoy are now recognised as



638 ORGANS OF DIGESTION.

lymphoid follicles, and consist of a dense interlacing retiform tissue permeated

with an abundant capillary network (fig. 347). The interspaces of the retiform

tissue are continuous with larger lymph-spaces at the base of the follicle through
which they communicate with the lacteal system, and they contain lymph-corpuscles

in their interior. They are situated partly in the corium of the mnoous membrane,
partly penetrate its muscular layer, and project into the epithelial layer. The villi,

which are situated on them, are generally absent from the very summit (or ' cupola '

as Frey calls it) of the follicle.

Peyer's glands (348-350) may be regarded as aggregations of solitary glands,

348.—Patch of Peyer's Glands.
From the lower part of the Ileum.

349.—A portion of the above magnified.

350.—Vertical Section of one of Peyer's Patches from Man, injected thi-ough its

Ij'mphatic canals.

Villi with their chyle-passages, i. Follicles of Lieberkuhn. c. Muscularis mucosae, d. Cupola or apex of follicles.

e. Mesial zone of follicles. /. Base of follicles, g. Points of exit of the chyle-passages from the villi, and

entrance into the true mucous membrane, h. Eetiform arrangement of the lymphatics In the mesial zone,

i. Course of tlie latter at the base of the follicles, i-. Confluence of the lymphatics opening into the vessels of the

submucous tissue. /. Follicular tissue of the latter.

forming circular or oval patches from twenty to thirty in number, and varying in

length from half an inch to four inches. They are lai'gest and most numerous in
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the ileum. In the lower part of the iejunum they are small, of a circular form and
few in number. They are occasionally seen in the duodenum. They are placed

lengthwise in the intestine, covering the portion of the tube most distant from the

attachment of the mesentery. Each patch is formed of a group of the above-

described lymphoid follicles covered with mucous membrane. Each is surrounded

by a zone, or wreath of simple follicles, and the interspaces between them are

covered with viUi. The mucous and submucous coats of the intestine are intimately

adherent, and highly vascular, opposite the Peyerian glands. They are largest and
most developed during the digestive process.

The Large Intestine.

The large intestine extends from the termination of the ileum to the anus.

It is about five feet in length, being one-fifth of the whole extent of the intestinal

canal. It is largest at its commencement at the caecum, and gradually diminishes

as far as the rectum, where there is a dilatation of considerable size, just above

the anus. It differs from the small intestine in its greater size, its more fixed

position, and its sacculated form. The large intestine, in its course, describes an

arch, which surrounds the convolutions of the small intestine. It commences in

351- -The Caecum and Colon laid open to show the

Ileo-Otecal Valve.

the right iliac fossa, in a dilated part, the csecum. 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, and forms the sigmoid flexure

;

finally, it enters the pelvis, and descends along its posterior wall to the anus. The
krge intestine is divided into the cascum, colon, and rectum.

The Ccpcum (cceciis, blind) (fig. 351) is the large blind pouch, or cul-de-sac, in

which the large intestine commences. It is the most dilated part of the tube,

measuring about two and a half inches, both in its vertical and transverse diameters.

It is situated in the right iliac fossa, immediately behind the anterior abdominal
ivall, being retained in its place by the peritoneum, which passes over its anterior



640 ORGANS OP DIGESTION.

surface and sides ; its posterior surface being connected by loose areolar tissue
with the iliac fascia. Occasionally, it is almost completely surrounded by peri-

toneum, which forms a distinct fold, the meso-CEecum, connecting its back part
with the iliac fossa. When this fold exists the crecum obtains considerable
freedom of movement. Attached to its lower and back part is the appendix
vermiformis, a long, narrow, worm-shaped tube, the rudiment of the lengthened
caecum found in all the mammalia, except the orang-outang and wombat. The
appendix varies from three to six inches in length, its average diameter being
about equal to that of a goosequill. It is usually directed upwards and inwards
behind the cascum, coiled upon itself, and terminates in a blunt point, beino- retained
in its position by a fold of peritoneum, which sometimes forms a mesentery for it.

Its canal is small, and communicates with the ceecum by an orifice, which is some-
times guarded with an incomplete valve. Its coats are thick, and its mucous lininf
furnished with a large number of solitary glands.

352.—Diagram of the relations of the Lai-ge Intestine and Kidney from behind. ;

The parts imcovered by Peritoneum are shown unshaded.

Ileo-Ccscal Valve.—The lower end of the ileum terminates at the inner and
iback part of the large intestine, opposite the junction of the csecum 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. This is the ileo-C83cal valve {yalvula Baitliini). 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 aperture the

two segments of the valve coalesce, and are continued as a narrow membranous

ridge around the canal of the intestine for a short distance, forming the frcsna, or

retinacula of the valve. The left end of this aperture is rounded ;
the right end

is narrow and pointed.
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Each segment of the valve is formed by a reduplication of the mucous mem.-

brane and of the circular muscular fibres of the intestine, the longitudinal fibres

and peritoneum being continued uninterruptedly across from one intestine to t^he

other. When these are divided or removed, the ileum may be drawn outwards,

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 tubuli peculiar to the mem-
brane in the large intestine. These differences in structure continue as far as the

free margin of the valve.

When the caacum 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 caecum. It passes upwards, from the

right iliac fossa to the under surface of the liver, on the right of the gall-bladder,

where it bends abruptly inwards to the left, forming the hepatic flexure. It is

retained in contact with the 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 and right kidney (figs. 352, 353) ;

sometimes the peritoneum almost completely invests it, and forms a distinct but

narrow meso-colon. It is in relation, in front, with the convolutions of the ileum

and the abdominal parietes ; behind, it lies on the Quadratus lumborum muscle

and right kidney.

The transverse colon, the longest part of the large intestine, passes transversely

from right to left across the abdomen, opposite the confines of the epigastric and

umbilical zones, into the left hypochondriac region, where it curves downwards

beneath the lower end of the spleen, forming the splenic flexure. In its course it

describes an arch, the concavity of which is directed backwards towards the ver-

tebral column ; 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 duplicatnre 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.

The descending colon passes almost vertically downwards through the left hypo-

chondriac and lumbar regions to the upper part of the left iliac fossa, where it

terminates in the sigmoid flexure. It is retained in position by the peritoneum,

which covers its anterior surface and sides, its posterior surface being connected

by areolar tissue with the left cms of the Diaphragm, the left kidney, and the

Quadratus lumborum (figs. 352, 353). It is smaller in calibre and more deeply

placed than the ascending colon.

The sigmoid flexure is the narrowest part of the colon ; it is situated in the left

iliac fossa, commencing from the termination of the descending colon, at the margin

of the crest of the ilium, and ending in the rectum, opposite the left sacro-iliac

symphysis. It curves in the first place upwards, and then descends vertically,

and to one or the other side, like the letter S—hence its name. It is retained in

its place by a loose fold of peritoneum, the sigmoid meso-colon. It is in relation,

in front, with the small intestines and abdominal parietes ; behind, with the iliac

fossa.

The Rectum 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

T T
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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 to the right side ; then, regaining the middle line, it descends in front of

the lower part of the sacrum and coccyx, and, near the extremity of the latter

bone, inclines backwards to terminate at the anus, being curved both in the lateral

and antero-posterior directions. 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 large intestine ; it is narrower at

353.—The relations of tbe Viscera and Larfce Vessels of the Abdomen.
(Seen from behind.)

RECEPTACUUUM.CHY

its upper part than the sigmoid flexure, gradually increases in size as it descends,

and immediately above the anus presents a considerable dilatation, capable of

acquiring an enormous size. The rectum is divided into three portions : upper,

middle, and lower.

The upper fortimi, which includes 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 duplicature of that membrane, the meso-rectum. It is in

relation behind with the Pyi-iformis muscle, the sacral plexus of nerves, and tlie

branches of the internal iliac artery of the left side, which separate it from the

sacrum and sacro-iliac symphysis ; in fi-ont it is separated, in the male, from the
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posterior surface of the bladder ; in the female, from the posterior surface of the

uterus, and its appendages, by some convolutions of the small intestine.

The middle portion of the rectum is about tliree inches in length, and extends

as far as the tip of the coccyx. It is closely connected to the concavity of the

sacrum, and covered by peritoneum only on the upper part of its anterior surface.

It is in relation, in front, in the male, with the triangular portion of the base of

the bladder, the vesicute seminales, and vasa deferentia ; more anteriorly, with the

under surface of the prostate. In the female, it is adherent to the posterior wall

of the vagina.

The loiver portion is about an inch or an inch and a half in length ; it curves

backwards at the fore part of the jarostate gland, and terminates at the anus. This

portion of the intestine receives no peritoneal covering. It is invested by the In-

ternal sphincter, supported by the Levatores ani muscles, and surrounded at its

termination by the External sphincter. In the male, it is sejDarated from the mem-
branous portion and bulb of the urethra by a triangular space; and in the female,

a similar space intervenes between it and the vagina. This space forms by its base

the perinseum.

Structure.—The large intestine has four coats : serous, muscular, cellular, and

mucous.

The serous coat is derived from the peritoneum, and invests the different portions

of the large intestine to a variable extent. The csecum is covered only on its

anterior surface and sides ; more rarely, it is almost completely invested, being held

in its position by a duplicature, the meso-ccecum. 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 great omentum and

transverse meso-colon being alone excepted. The sigmoid flexure is nearly com-

pletely surrounded, the point con-esponding 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 appendices epiploicce. They are chiefly

appended to the transverse colon.

The muscular coat consists of an external longitudinal and an internal circular

layer of muscular fibres.

The longitudinal fibres are not found as a uniform layer over the whole surface

of the large intestine. In the csecum and colon, they are especially collected into

three flat longitudinal bands, each being about half an inch in width. These bands

commence at the attachment of the appendix vermiformis to the CEecum : one, the

posterior, is placed along the attached border of the intestine ; the anterior band,

the largest, becomes inferior along the arch of the colon, where it corresponds to

the attachment of the great omentum, but is in front in the ascending and

descending colon and sigmoid flexure ; the third, or lateral band, is found on the

inner side of the ascending and descending colon, and on the under border of the

transverse colon. These bands are nearly one-half 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 oS", 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 thick uniform layer.

The eirctdar fibres form a thin layer over the CEeoum and colon, being especially

accumulated in the intervals between the sacculi ; in the rectum they form a

thick layer, especially at its lower end, where they become numerous, and form the

Internal sphincter.

The cellular coat connects the muscular and mucous layers closely together.

The mucous membrane, in the cascum and colon, is pale, and of a greyish

T T 2
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or pale yellow colour. It is quite smooth, destitute of villi, and raised into

numerous crescentic folds, wliicli correspond to the interYals 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 effaced by the disten-

sion of the gut. Besides these, there are certain permanent folds, of a semilunar

shape, described by Mr. Houston.* They are usually three in number ; sometimes

a fourth is found, and, occasionally, only two are present. One is situated near

the commencement of the rectum, on the right side ; another extends inwards from

the left side of the tube, opposite the middle of the sacrum ; 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 half an inch in width,

and contain some of the circular fibres of the gut. In the empty state of the

intestine they overlap each other, as Mr. Houston remarks, so effectually as to

require considerable manoeuvring to conduct a bougie or the finger along the canal

of the intestine. Their use seems to be, ' to support the weight of fffical matter,

and prevent its urging towards the anus, where its presence always excites a

sensation demanding its discharge.' The mucous membrane of the large intestine

presents for examination epithelium, simple follicles, and solitary glands.

354.—Minute Structm-e of Large Intestine.

LicberkUhn's follicles.

^^ Musculai'is mncosje (two layers).

bmucous connective tissue.

The ejntJieUuni is of the columnar kind.

The simple follicles are minute tubular prolongations of the mucous membrane,
an-anged perpendiculai'ly, side by side, over its entire surface ; they are longer,

more numerous, and placed in much closer apposition than those of the small

intestine ; and they open by minute rounded orifices upon the surface, giving it a

cribriform appearance.

The solitary glands in the large intestine are most abundant in the ccecum and
appendix vermiformis ; but are irregularly scattered also over the rest of the

intestine. They are similar to those of the small intestine.

* Dub. Husp. Reports, toI. v. p. 163.
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The Livee.

The Liver is a glandular organ of large size, intended mainly for the secretion of

the bile, but effecting also important changes in certain constituents of the blood

in their passage through the gland. It is situated in the right hypochondriac
region, and extends across the epigastrium into the left hypochondrinm. It is the

largest gland in the body, weighing from three to four pounds (from fifty to sixty

ounces avoirdupois). It measures, in its transverse diameter, from ten to twelve

inches
;
from six to seven in its antero-posterior ; and is about three inches thick

at the back part of the right lobe, which is the thickest part.

Its upper surface is convex, directed npwards and forwards, smooth, covered

by peritoneum. It is in relation with the under surface of the Diaphragm ; and
below, to a small extent, with the abdominal parietes. The surface is divided into

two unequal lobes, the right and left, by a fold of peritoneum, the suspensory or

hroad ligament.

Its under surface is concave, directed downwards and backwards, and in relation

with the stomach and duodenum, the hejjatic 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.

The posterior border is rounded and broad, and connected to the Diaphragm by
the coronary ligament ; it is in relation with the aorta, the vena cava, and the crura

of the Diaphragm.
The anterior border is thin and sharjs, and marked, opposite the attachment of

the broad ligament, by a deep notch. In adult males, this border usually corre-

sponds with the margin of the ribs ; but in women and children, it usually projects

below the ribs.

The rigid extremity of the liver is thick and rounded ; whilst the left is thin and
flattened.

Changes of Position.—The student should make himself acquainted with the diiferent

circumstances under which the liver changes its position, as they are of importance in

determining the existence of enlargement or other disease of the organ.

Its position varies according to the posture of the body; in the upright and sitting

posture, it usuaUy recedes hehind the ribs. 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 to its ordinary level. Again, in emphj^sema, where the lungs are

distended, and the Diaphragm descends very low, the liver is pushed down ; in some other

diseases, as phthisis, where the Diaphragm is much arched, the liver rises very high up.

Pressure from without, as in tight lacing, by compressing the lower part of the chest, dis-

places the liver considerabty, its anterior edge often extending as low as the crest of the

ihum ; and its convex sm-face is often, at the same time, deeply mdented from 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 distended, it is pushed upwards. Its relations to sur-

rounding organs may also be changed by the growth of tumours, or by coUections of fluid

in the thoracic or abdominal cavities.

Ligaments.—The ligaments of the liver (fig.35S) are five in number : four being

formed of folds of peritoneum ; the fifth, the ligainentum teres, is a round fibrous

cord, resulting from the obliteration of the umbilical vein. The ligaments are the

longitudinal, two lateral, coronary, and round.

The longitudinal ligament (broad, falciform, or suspensory ligament) is a broad

and thin antero-posterior peritoneal fold, falciform in shape, its base being directed

forwards, its apex backwards. It is attached by one margin to the under surface

of the Diaphragm, and the posterior surface of the sheath of the right Rectus

muscle as low down as the umbilicus ; by its hepatic margin, it extends from the

notch on the anterior margin of the liver, as far back as its posterior border. It
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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

of the Diaphragm to the adjacent margins of the posterior border of the organ.

The left is the longer of the two, and lies in front of the cesophageal opening in

the Diaphragm.

The coronary ligament connects the posterior border of the liver to the

Diaphragm. It is formed by the reflection of the peritoneum with the Diaphragm

on to the upper and lower margins of the posterior border of the organ. The
coronary ligament consists of two layers, which are continuous on each side with

355.—The Liver. Upper Siuface.

J"'

the lateral ligaments ; and in front, with the longitudinal ligament. Between the

layers, a large oval interspace is left uncovered by peritoneum, and connected to

the Diaphragm by a firm areolar tissue. This space is subdivided, near its left

extremity, into two parts by a deep notch (sometiraes a canal), which lodges the

inferior vena cava, and into which open the hepatic veins.

The round ligament (fig. 356) 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 liganaent, 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.

Fissures (fig. 356).—Five fissures are seen upon the under surface of the liver,

which serve to divide it into five lobes. They are the longitudinal fissure, the

fissure of the ductus venosus, the transverse fissure, the fissure for the gall-bladder,

and the fissure for the vena cava.

The longitudhial fissure is a deep groove, which estends from the notch on

the anterior margin of the liver to the posterior border of the organ. It separates

the right and left lobes ; the transverse fissure joins it, at right angles, about one-

third 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 fcetus, or its remains (the round ligament) in the adult.

This fissure is often partially bridged over by a prolongation of the hepatic sub-

stance, the pons hepatis.

The fissure of the ductus venosus is the back part of the longitudinal fissure

;
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it is sliorter and shallower than the anterior portion. It lodges in the fcetus 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 two inches

in length, extending transversely across the under surface of the right lobe, nearer

to its posterior than its anterior border. It joins, nearly at right angles, with the

longitudinal fissure. By the older anatomists this fissure was coosidered the

gateway (porta) of the liver ; hence the large vein which enters at this point was

:alled the portal vein. Besides this vein, the fissure transmits the hepatic artery

and nerves, and the hepatic dnct and lymphatics. At their entrance into the

fissure, the hepatic duct lies in front to the right, the hepatic artery to the left, and

the portal vein behind and between (fig. 362).

356.—The Liver. Under Surface.

The fissure for the gall bladder (fossa cystis fellece) is a shallow, oblong

fossa, placed on the under surface of the right lobe, parallel with the longitudinal

fissure. It extends from the anterior free margin of the liver, which is occa-

sionally notched for its reception, to near the right extremity of the transverse

fissure.

The fissure for the vena cava is a short, deep fissure, occasionally a complete

canal, which extends obliquely upwards fi'om a little behind the right extremity

of the transverse fissure to the posterior border of that organ, where it joins the

fissure for the ductus venosus. On slitting open the inferior vena cava which

is contained in it, a deep fossa is seen, at the bottom of which the hepatic veins

communicate with this vessel. This fissure is separated from the transverse

fissure by the lobus caudatus, and from the longitudinal fissure by the lobulus

Spigelii.

Lobes.—The lobes of the liver, like the ligaments and fissures, are five in

number : the right lobe, the left lobe, the lobus qnadratus, the lobulus Spigelii, and
the lobus caudatus.

The right lobe is much larger than the left ; the proportion between them being

as six to one. It occupies the right hypochondrium, and is separated from the left

lobe, on its upper surface, by the longitudinal ligament ; on its under surface, 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 inferior vena cava ; and by two

shallow impressions, one in front (impressio colica), for the hepatic flexure of the
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colon ; and one behind (impressio renalis), for the i-ight kidney and suprarenal

capsule.

The left lohe is smaller and more flattened than the right. It is situated in the

epigastric and left hypochondriac regions, sometimes extending as far as the upper

border of the spleen. Its upper surface is convex ; its under concave surface rests

upon the front of the stomach ; and its posterior border is in relation with the

cardiac orifice of the stomach.

The lohus quadratus, or square lobe, is situated on the under surface of the

right lobe, bounded in front by the free surface of the liver ; behind, by the trans-

verse fissure ; on the right, by the fissure for the gall-bladder ; and, on the left,

by the umbilical fissure.

The lohidus Spigelii projects from the back part of the under surface of the

right lobe. It is bounded, in fi'ont, by the transverse fissure ; on the right, by

the fissure for the vena cava ; and, on the left, by the fissure for the ductus

venosus.

The lobus caudatiis, or tailed lobe, is a small elevation of the hepatic substance,

extending obliquely outvrards, from the base of the lobulus Spigelii, to the under

surface of the right lobe. It separates the right extremity of the transverse

fissure from the commencement of the fissure for the inferior cava.

Vkssels.—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.

The hepatic artery, portal vein, and hepatic duct, accompanied by numerous

symphatics and nerves, ascend to the transverse fissure, between the layers of the

gastro-hepatic omentum ; the hepatic duct lying to the right, the hepatic artery

to the left, and the portal vein behind the other two. They 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 hejiatic veins convey the blood from the liver. They commence at the

circumference of the organ, and proceed towards the deep fossa in its posterior

border, where they terminate, by two large and several smaller branches, in the

inferior vena cava.

The hepatic veins have no cellular investment; consequently, their parietes are

adherent 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

collapsed, and always accompanied by an artery and duct.

The lymphatics are large and numerous, consisting of a deep and superficial set.

They have been already described.

Neeves.—The nerves of the liver are derived from the hepatic plexus of the

sympathetic, from the pneumogastric nerves, especially the left, and from the right

phrenic.

Stedctuke.—The substance of the liver is comijosed of lobules, held together by
an extremely fine areolar tissue, and of the ramifications of the portal vein, hepatic

duct, hepatic artery, hepatic veins, lymphatics, and nerves ; the whole being

invested by a fibrous and a serous coat.

The serous coat is derived from the peritoneum, and invests the entire surface

of the organ, excepting at the attachment of its various ligaments, and at the
bottom of the different fissures, where it is deficient. 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 sei'ous

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

lobules.

The loh'dles form the chief mass of the hepatic substance ; they may be seen

either on the surface of the organ, or by making a section through the gland.
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has been

They are small granular bodies, about the size of a niillet-seed, measuring from

one-twentietli to one-tenth of an inch in diameter. If divided longitudinally,

tliey have a foliated, and, if transversely, a polygonal, outline. The bases of the

lobules are clustered round the smallest branches (sablobular) of the hepatic

veins, to which each is connected by means of a small branch, which issues

from the centre of the lobule (intra-

357- lobular). The remaining part of the sur-

face of each lobule is imperfectly isolated

from the surrounding lobules, by a thin

stratum of areolar tissue, and by the

smaller vessels and ducts.

If one of the hepatic veins be laid

open, the bases of the lobales 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 mi-

nute aperture, the mouth of a sublobular

vein.

Each lobule is composed of a mass of

cells ; of a plexus of biliary ducts ; of a

venous plexus, formed by branches of

the portal vein; of a radicle of an he-

j)atio vein (intralobular) ; of minute

arteries ; and probably, of nerves and

lymphatics.

The hepatic cells form the chief mass
of the substance of a lobule, and lie in

the interspaces of the capillary plexus,

being probably contained in a tubular net-

work, which according to some authors

forms the origin of the biliary ducts.

The portal vein carries the blood to

the liver, from which the bile is secreted
;

the hepatic vein carries the superfluous

blood from the livei', and the bile-duct

carries the bile secreted by the hepatic

cells.

The course of the circulation in the

liver is best traced in the natural direc-

tion, viz., from the vena portae to the

hepatic vein, which is a branch of the vena

cava. The poi'tal vein (fig. 358) gives off

small branches, which, as they ramify

between the lobules of the liver, are called

the iriter\ohu[a,r veins, and form a plexus

surrounding the lobules. Branches from
this plexus enter the substance of the

lobule, forming a capillary network inside

it, the intralobnl&r capillary plexus.

These veins unite into one which issues

from the lobule, the mfr;-alobular vein,

forming as it were the stalk or axis of

the lobule. The intralobular veins run

into small branches

—

sulilohu\a,v—around

which therefore the lobules are clustered, and which are the radicles of the hepatic

veins. These veins (as mentioned at p. 448J finally converge to form three large

H. Longitudinal section of an hepatic i

tion of the canal, from which the t

removed ; b, orifices of ultimate twigs of the vein

(sublobular), situated in the centre of the lobules.

After Eiernan.

small poi-tal andLongitudinal section of

canal, after ICiernan. a, Portions of the canal

from which the vein has been removed ; b, side of

tile portal vein in contact with the canal ; c, the

side of the vein which is separated from the canal

by the hepatic artery and duct, with areolar tissue

(G-lisson's capsule) ; d, internal surface of the por-

tal vein, through which are seen the outlmes of the

lobules and the openings (t?) of the interlobular

veins
; /, vaginal veins of Kiernan ; g, hepatic

artery ; h, hepatic duct.



650 ORGANS OF DIGESTION.

trunks which open into the vena cava, while that vessel is situated in the fissure

appropriated to it at the back- of the liver.

359-

Horizontal section of liver (dog). The vena portje has been injected, a, Trunk of interlobular vein.
bj Trunk of intralobular vein. A dense system of capillary vessels is between them.

The hepatic cells are of a more or less spheroidal form ; but may be rounded,

flattened, or m.any-sided, from mutual compression. They vary in size from

t^6 Tinnj to the j^jVij of an inch in diameter, and contain -a distinct nucleus

in the- interior, or sometimes two. In the nucleus is a highly refracting nucleolus,

with granules. The cell-contents are viscid, and contain yellow particles, the

colouring matter of the bile, and oil-globules. The cells adhere together by the

surfaces, so as to form rows, which radiate from the centre towards the circum.-

ference of the lobule. These cells are the chief agents in the secretion of the

bile.

Origin of the biliary ducts.—Three views have prevailed in recent times as to

the origin of the biliary ducts, i. That they commence external to the lobules

in an interlohxjl&v plexus, the bile being secreted by the hepatic cells within the

lobule, and passing into the radicles of the ducts by osmosis from those cells. This

was Kiernan's view.* 2. The other two views coincide in the belief that the

radicles of the biliary ducts commence within the lobules by a plexus of intra-

lobular channels, but they differ as to the relation between these channels and the

hepatic cells : the one, which we will call Beale's view, teaches that the hepatic cells

are contained within the intralobular biliary channels
;

3. the other view, which we
may call Hering's, teaches that the intralobular biliary channels lie between the

hepatic cells. This anatomist has given what appears the most intelligible descrip-

tion of the minute anatomy of the liver, and one which really coincides in many
essential points with the original description of Kiernan, as well as with that of

Beale. Hering describes the liver cells as lying packed together in the channels

which are formed between the meshes of the capillary blood-vessels, but separated

from the wall of the capillary by a clear space. In the centre of the line which

forms the base of a pair of cells (or more' rarely in the human subject in the angle

formed by the meeting of several cells) a minute channel is formed, which is the

radicle of the bile duct, the intralobular biliary channel, much smaller than the

capillary or the hepatic cells. Kiernan's view would confine the name of biliary

ducts to the bile passages external to the lobule (interlobular), while Beale's view

* Kiernan, however, admitted that possibly the biliary channels might he traced some
short distance into the lobules, whilst others (Henle, &c.) believed that they originate

entirel}' external to the lobules.



STRUCTURE OF THE LIVER. 651

would regard the whole intercapillary channel, bile cells and all, as an intralobular

biliary passage. Hering's view is in most respects the same as Chrzonszczewsky's

who first succeeded in demonstrating these

intralobular (or intercellular) biliary pas-

sages by a kind of auto-injection in living

animals

—

i.e. by injecting colouring matter

into the blood of the living animal, when
the colouring matter may be found in

the bile ducts. The ducts form a plexus

(interlobular) between the lobules ;
and

the interlobular branches unite and form

vaginal branches, which lie in the portal

canals, with branches of the portal vein

and hepatic duct. The ducts finally form

two large trunks, which leave the liver

at the transverse fissure, and the union

of these is the hepatic duct.

The Potial vein, on entering the

liver at the transverse fissure, divides

into primary branches, which are con-

tained in the portal canals, together with

branches of the hepatic artery and duct,

and the nerves and lymphatics. In the

larger portal canals, the vessels are sepa-

rated from the parietes, and joined to

each other, by a loose cellular web,

the capsule of Glisson. The veins, as

they lie in the portal canals, give ofi"

vaginal branches, which form a plexus

(vaginal plexus) in Glisson's capsiile.

From this plexus, and from the portal vein itself, the interlobular veins are given off.

The Hepatic artery appears destined chiefly for the nutrition of the coats of the

large vessels, the ducts, and the investing membranes of the liver. It enters

the liver at the transverse fissure, with

the portal vein and hepatic duct, and

ramifies with these vessels through the

portal canals. Itgives offvaginal branches,

which ramify in the capsule of Glisson
;

and other branches, which are distributed

to the coats of the vena portae and hepatic

duct. Prom the vaginal plexus, inter-

lobular branches are given off, which
ramify through the interlobular fissures,

a few branches being distributed to the

lobules. Kiernan supposes that the

branches of the hepatic artery terminate in

a capillary plexus, which communicates

with the branches of the vena portas.

The Hepatic veins commence in the

interior of each lobule by a plexus, the

branches of which converge to form the

intralobular vein.

The intralobular vein passes through the centre of the lobule, and leaves it at

its base to terminate in a sublobular vein.

The suMohular veins unite with neighbouring branches to form larger veins
;

and these join to form the large hepatic trunks, which terminate in the vena

cava.

Microscopical section from tlie liver of a child three
months old, hardened in chromic acid. The hepatic
cells (6), with their single nuclei, are separated from
the capillar}' wall by a small intervening space. The
capillaries (a) contain closely compressed coloured,

and a few colourless, blood corpuscles. A few
elongated nuclei belonging to the capillary wall are

seen. "Withiu the line of junction (septum), between
two hepatic cells, the transverse section of a biliary

duct is seen as a small transparent space (r). There
is also one at the angle, where several of these cells

come into contact {d).

361.

A transverse section of a small poitai canal and its

vessels, after tviernan. 1, Portal vein ; 2, Inter-

lobular brancheb, 3, blanches of the vein

termed, by Mr. Kieman, vaginal, also giving

interlobular branches; 4, hep.itic

patic artery.

duct

;
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Gall-Bladder.

The gall-bladder is the reservoir for the bile ; it is a conical or pear-shaped

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 fissure to the

anterior free margin of the organ. It is about four inches in length, one inch in

breadth at its widest part, and holds from eight to ten drachms. It is divided

into a fundus, body, and neck. The fundus, or broad extremity, is directed

downwards, forwards, and to the right, and occasionally projects from the anterior

border of the liver ; the hody and nech are directed upwards and backwards to

the left. The gall-bladder is held in its position by the peritoneum, which, in

the majority of cases, passes over its under surface, but the serous membrane
occasionally invests the gall-bladder, which then is connected to the liver by a

kind of mesentery.

lielations.—The hody of the gall-bladder is in relation, by its upper surface,

with the liver, to which it is connected by areolar tissue and vessels ; but its under

surface, with the first portion of the duodenum, occasionally the pyloric end of the

stomach, and the hepatic flexure of the colon. 1:h.& fundus is completely invested

by peritoneum ; it is in relation, in front, with the abdominal parietes, immediately

below the tenth costal cartilage ; behind, with the transverse arch of tiie colon.

The nech is narrow, and curves upon itself like the italic letter /; at its point

of connection with the body and with the cystic duct, it presents a well-marked

constriction.

When the gall-bladder is distended with bile or calculi, the fimdua may be felt through
the abdominal parietes, especially in an emaciated subject : the relations of this sac wiU
also serve to explain the occasional occurrence of abdominal biliary fistulDe, 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 mus-
cular, 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 middle or fibrous coat is a thin but strong fibrous layer, which forms the

framework of the sac, consisting of dense fibres which interlace in all directions.

Plain muscular fibres are also found in this coat, disposed chiefly in a longitudinal

direction, a few running transversely.

The internal or tnucous coat is loosely connected with the fibrous layer. It is

generally tinged with a yellowisli-brown colour, and is everywhere elevated into

minute rugce, by the union 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 so as to form a

large valvular fold.

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 com-

munis choledochus with the mucous membrane of the alimentary canal.

The Biliary Ducts are, the hepatic, the cystic, and the ductus communis

choledochus.

The hepatic duct is formed of two trunks of nearly equal size, which issue

from the liver at the transverse fissure, one from the right, the other from the

left lobe ; these unite, and pass downwards and to the right for about an inch and

a half, to join at an acute angle with the cystic duct, and so form the ductus com-

munis choledochus.

The cystic duct, the smallest of the three biliary ducts, is about an inch in length.

It passes obliquely dovs-nwards and to the left from the neck of the gall-bladder.
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and joins the hepatic duct to form the common duct. It lies in the gastro-

hepatic omentum in front of the vena cava, the cystic artery lying to its left

side. The mucous membrane lining its interior is thrown into a series of crcs-

centic folds, from five to twelve in number, which project into the duct in regular

succession, and are directed obliquely round the tube, presenting much the appear-

ance of a continuous spiral valve. They exist only in the human subject. When
the duct has been distended, the interspaces between the folds are dilated, so as

to give to its exterior a sacculated appearance.

The ductus communis clwleclocJms, the largest of the three, is the common ex-

cretory duct of the liver and gall-bladder. It is about three inches in length, of

the diameter of a goose-quill, and formed by the junction of the cystic and hepatic

ducts. It descends along the right border of the lesser omentum, behind the

362.—The Parts in the Gastro-hepatic Omentum, its anterior Layer being removed.

first portion of the duodenum, in front of the venae portaa, 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 mus-
cular coats, the two opening by a common orifice upon the summit of a papilla
situated at the inner side of the descending portion of the duodenum, a little below
its middle.

Structure.—The coats of the biliary ducts are, an external or fibrous and an
internal or mucous. The fibrous coat is composed of a strong areolar fibrous
tissue. The mucous coat is continuous with the lining membrane of the hepatic
ducts and gall-bladder, and also with that of the duodenum. It is provided with
numerous glands, the orifices of which are scattered irregularly in the laro-er ducts
but in the smaller hepatic ducts are disposed in two longitudinal rows one on
each side of the vessel. These glands are of two kinds. Some are ramified tubes
which occasionally anastomose, and from the sides of which saccular dilatations

are given ofi"; others are small clustered cellular glands, which open either sepa-
rately into the hepatic duct, or into the ducts of the tubular glands.
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The Panceeas.

Dissection.—The pancreas may be exposed for dissection in tliree diflferent ways:
I . By raising .tlie liver, drawing down the stomach, and tearing through the gastro-hepatic

omentum and the 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 trans-

verse meso-colon. 3. By 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. 339, p. 626.)

The Pancreas (Trav-Kpeae, all flesli) is a conglomerate gland, analogous in its

structure to the salivary glands. In shape it is transversely oblong, flattened

from before backwards, and bears some resemblance to a dog's tongue, its right

exti-emity being broad, and presenting a sort of angular bend from above down-

wards, called the head, whilst its left extremity gradually tapers to form the tail,

the intermediate portion being called the body. It is situated transversely across

the posterior wall of the abdomen, at the back of the epigastric and both hypo-

chondriac 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 pancreas (fig. 363) is curved upon itself

from above downwards, and is embraced by the conca^'ity of the duodenum. The

363.—The Pancreas and its Relations.

common bile-duct descends behind, between the duodenum and pancreas ;
and the

panoreatico-duodenal artery descends in front between the same parts. On the

posterior aspect of the pancreas is a lobular fold of the gland, which passes trans-

versely to the left, behind the superior mesenteric vessels, forming the back part

of the canal in which they are contained. It is sometimes detached from the rest

of the gland, and is called the lesser pancreas.

The lesser end or tail of the pancreas is narrow ; it extends to the lefb as far as

the spleen, and is placed over the left kidney and suprarenal capsule.

The hody of the pancreas is convex in front, and covered by the ascending

feyer of the transverse' meso-colon and the posterior surface of the stomach.
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The posterior surface is concave, and has the following structures interposed

between it and the first lumbar vertebra : the superior mesenteric artery and vein,

the commencement of the vena portfe, the vena cava, the aorta, the left kidney,

the supi'arenal capsule, and the corresponding renal vessels.

The upper border is thick, and has resting upon it, near its centre, the ccsliac

axis ; the splenic artery and vein are lodged in a deep groove or canal in this

border ; and to the right, the first part of the duodenum and the hepatic artery

are in relation with it.

The lower border, thinner than the upper, is separated from the transverse

portion of the duodenum by the superior mesenteric artery and vein ; to the left

of these the inferior mesenteric vein ascends behind the pancreas to join the

splenic vein.

The pancreatic dtbct, caUed the canal of Wirsung from its discoverer, extends

transversely from left to right through the substance of the pancreas, nearer to its

lower than its upper border, and lying nearer its anterior than its posterior sur-

face. In order to expose it, the superficial portion of the gland must be removed.

Traced backwards, it is found to commence 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 below its middle:

from this papilla it passes very obliquely through the mucous and muscular coats,

separates itself from the ductus communis choledochus, and, ascending slightly,

runs from right to left through the middle of the gland, giving off numerous
branches, which commence in its lobules.

Sometimes the pancreatic duct and ductus communis choledochus open separately

into the duodenum. The excretory duct of the lesser pancreas is called the ductus

pancreaticus minor ; it opens into the main duct near the duodenum, and sometimes

separately into that intestine, at a distance of an inch or more from the termination

of the principal duct.

The pancreatic duct, near the duodenum, is about the size of an ordinary quill

;

its 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 few

scattei-ed follicles.

Sometimes the pancreatic duct is double, up to its point of entrance into the

duodenum.
In sfructtire, the pancreas closely resembles the salivary glands ; but it is

looser and softer in its texture. The fluid secreted by it is almost identical with

saliva.

Vesseh and Nerves.—The arteries of the pancreas are derived from the splenic,

the pancreatico-dnodenal branch of the hepatic, and the superior mesenteric.

Its veins open into the splenic and superior mesenteric veins. Its lymphatics

terminate in the lumbar glands. Its nerves are filaments from the splenic

plexus.

The Spleen.

The Spleen is usually classified, together with the thyroid, thymus, and

suprarenal capsules, as one of the ductless, or blood glands. It possesses no excre-

tory duct. It 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. It is invested by peritoneum, and

connected with the stomach by the gastro-splenic omentum.
Relation.—The external surface is convex, smooth, and in relation with the

under surface of the Diaphragm, which, separates it from the ninth, tenth, and

eleventh ribs of the left side. The internal surface is slightly concave, and
divided by a vertical fissure, the hilum, into an anterior or larger, and a posterior

or smaller portion. The hilum is pierced by several irregular apertures, for

the entrance and exit of vessels and nerves. At the margins of the hilum, the

two layers of peritoneum are reflected from the surface of the spleen on to the
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cardiac end of tlie stomach, forming the gastro-splenic omentum, which contains

between its layers the splenic vessels and nerves, and the vasa brevia. The

internal surface is in relation, in front, with the great end of the stomach ; below,

with the tail of the pancreas ; and behind, with the left crns of the Diaphragm,

and corresponding suprarenal capsule. The upper end, thick and rounded, is in

relation with the Diaphragm, to which it is connected by a fold of peritoneum,

the suspensory ligament. The lower end is pointed
;
it is in relation with the

left extremity of the transverse arch of the colon. The anterior margin is free,

rounded, and often notched, especially below. The posterior margin is rounded,

and lies in relation with the left kidney, to which it is connected by loose areolar

tissue.

The spleen is held in its position by two folds of peritoneum : one, the gastro-

splenio omentum, connects it with the stomach ; and the other, the s7ispensory

ligament, with the under surface of the Diaphragm.

364.—Transverse Section of the Spleen, showing the Trabecular Tissue

and the Splenic Vein and its Branches.

The size and weight of the spleen are liable to very extreme variations at

different periods of life, in difierent individuals, and in the same individual under

different conditions. In the adult, in whom it attains its greatest size, it is usually

above 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 hirth, 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. In old

age, the organ not only decreases in weight, but decreases considerably in pro-

portion to the entire body, being as i to 700. The size of the spleen is increased

durino- and after digestion, and varies considerably according to the state of

nutiition 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.

Structure.—The spleen is invested by two coats : an external serous, and an

internal fibrous elastic coat.

The external, or serous coat, is derived from the peritoneum ; it is thin, smooth,

and in the human subject intimately adherent to the fibrous elastic coat. It

invests almost the entire organ ; being reflected from it, at the hilum, on to the

great end of the stomach, and at the upper end of the organ on to the Dia-

phragm.
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The fibrous 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 in the

form of vagin£8 or sheaths. From these sheaths, as well as from the inner surface

of the fibro-elastic coat, numerous small fibrous bands, traheculce (fig. 364), are

given ofi' in all directions ; these uniting, constitute the areolar framework of the

spleen. The proper coat, the sheaths of the vessels and the trabecute, 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, to allow of the very considerable

variations in size that it presents under certain circumstances. In some of the

mammalia, in addition to the usual constituents of this tunic, there are found

numerous pale, flattened, spindle-shaped, nucleated fibres, like unstriped muscular

fibres. It is probably owing- to this structure, that the spleen jsossesses, when
acted upon by the galvanio current, faint traces of contractility.

The proper substance of the spleen or spleen pulp is enclosed in the meshes of a

fine areolar tissue, composed of branching corpuscles similar to those of the common
connective tissue. The spaces formed by the processes of these cells enclose the

proper elements of the jiulp, which are now to be described, and the radicles of the

veins are continuous with those spaces, their walls being prolonged into the pro-

cesses of the cells. The pulp is a soft mass of a dark reddish-brown colour, con-

sisting: of colourless and coloured elements.

365.—The Malphighian Corpuscles, and their Relation with the Splenic Artery
and its Branches.

The colourless elements consist of granular matter; nuclei, about the size of the

red blood-discs, homogeneous or granular in structure; and nucleated vesicles in

small numbers. These elements form, probably, one-half or two-thirds of the

whole substance of the pulp, filling up the interspaces formed by the partitions of

the spleen, and lying in close contact with the walls of the capillary vessels, so as

to be readily acted upon by the nutrient fluid which permeates them. Thus in

well-nourished animals, they form a large part of the entire bulk of the spleen,

whilst they diminish in number, and occasionally are wanting, in starved animale.

U U
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The ajiplicatioii of chemical tests shows that they are essentially a proteine com-

pouBd.

The coloured elements of the pulp consist of red blood-globules and of coloured

corpuscles, either free, or included in cells. Sometimes, unchanged blood-discs

are seen included in a cell ; but more frequently the included blood-discs are

altered both in form and colour. Besides these, numerous deep-red, or reddish-

yellow, or black corpuscles and crystals, either single or aggregated in masses, are

seen diffused throughout the pulp-substance : these, in chemical composition, are

closely allied to the hsematin of the blood.

Malpighian Corpuscles. On examining the cut surface of a healthy spleen, a

number of small semi-opaque bodies, of gelatinous consistence, are seen dissemi-

nated throughout its substance ; these are the splenic or Malpighian corpuscles

(fig. 365). They may be seen at all periods of life; but they are more distinct

in early than in adult life or old age ; and they are much smaller in man than in

most mammalia. They are of a spherical or ovoid form, vary considerably

in size and number, and are of a semi-opaque whitish colour. They are appended

to the sheaths of the smaller arteries and their branches, presenting a resemblance

to the buds of the moss rose. Each consists of a membranous capsule, composed

366.—One of the Splenic Corpuscles, showing its Relations

with the Blood-vessels.

of fine pale fibres, which interlace in all directions. In man, the capsule is homo-

geneous in structure, and formed by a prolongation from the sheaths of the small

arteries to which the corpuscles are attached. The blood-vessels ramifying on

the surface of the corpuscles, consist of the larger ramifications of the arteries to

which the sacculus is connected ; and also of a delicate capillary plexus, similar

to that surrounding the vesicles of other glands. These vesicles have also a

close relation with the veins (fig. 366). The latter vessels, which are of considerable

size even at their origin, commence on the surface of each vesicle throughout the

whole of its circnmfei-ence, forming a dense mesh of veins, in which the Malpighian

corpuscle is enclosed. It is probable, that from the blood contained in the capil-

lary network, the material is separated which is occasionally stored up in the

cavity of the corpuscle ; the veins being so placed as to carry ofl^, under certain

conditions, those contents to be discharged pgain into the circulation. Each
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capsule contains a soft, white, semi-fluid substance, consisting of granular matter,

nuclei similar to those found in the pulp, and a few nucleated cells, the composi-

tion of which is apparently albuminous. These bodies are very large after

digestion is completed, in well-fed animals, and especially in those fed upon
albuminous diet. In starved animals, they disappear altogether.

The minute arteries and veins are enclosed in a sheath derived from the capsule

of the spleen, and containing, according to some anatomists, unstriped muscular

fibres. The layers of this sheath (consisting of white fibrous and elastic tissue) are

permeated by lymphoid corpuscles. This lymphoid tissue gives rise to the

Malpighian bodies, which are indeed mere localised expansions of the lymphoid

sheaths of the arteries in places where the meshes of the network are wider.* The
sheaths of the veins are derived from the capsule, which forms an elastic tube

(containing muscular fibres, according to some authors) around the proper walls

of the vessel. W. Miiller describes processes from the trabecule which pass into

the sheaths of the veins, and serve to keep them open somewhat as the cerebral

sinuses are kept patent by the dura mater.

The splenic artery is remarkable for its large size, in pi'oportion to the size

of the organ ; and also for its tortuous course. It divides into from four to six

branches, which enter the hilum of the organ and ramify throughout its substance

(fig. 367), receiving sheaths from an involution of the external fibrous tunic,

367.—Transverse Section of the Human Spleeu, showing the Distribution

of the Splenic Artery and its Branches.

the same sheaths also investing 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 terminate in the proper

substance of the spleen, in small tufts or pencils of capillary vessels, which lie in

direct contact with the pulp. Each of the larger branches of the arteries supplies

chiefly that region of the organ in which the branch ramifies, having no anasto-

mosis with the majority of the other branches.

The capillaries, supported by the minute trabeculas, traverse the pnlp in all

directions, and terminate either directly in the veins, or open into lacunar spaces,

from which the veins originate.

The veins are of large size, as comjjared with the size of the organ ; and their

* ' The parenchyma of the Malpighian bodies is formed of cells and a retiform intermediate

substance ; the cells agree in their characters with the lymph-corpuscles of the several

animals, and they are constantly found in various stages of development.'—W. Mullee, in

Strieker's ' Handhook.'
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distributioB is limited, like that of the ai'teries, to the supply of a particular part

of the gland ; they ai'e much larger and more numerous than the arteries. They
originate, ist, as continuations of the capillaries of the arteries ; and, by inter-

cellnlar spaces communicating with each other in the pulp
;
3rd, by distinct csecal

pouches. By their junction they form from four to sis branches, which emei-ge

from the hilam ; and these uniting, form the splenic vein, the largest branch ofthe

vena portas,

The veins are remarkable for their numerous anastomoses, while the arteries

hardly anastomose at all.

The lymphatics originate in two ways, i.e. from the sheaths of the arteries and

in the trabecules. The former accompany the blood-vessels, the latter pass to the

superficial lymphatic plexus which may be seen on the surface of the organ. The
two sets communicate in the interior of the organ. They pass 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 ganglia,

and right pneumogastric nerve.



The Thorax.

THE Thorax is a conical framework, forraed partly of bones, and partly of tlie

soft tissues by which tliey are connected together. It is supported and its

back part is formed by the middle, or dorsal, region of the spine. It is narrow
above, broad below, flattened before and behind, and somewhat cordiform on a

transverse section.

Boundaries. The thorax is bounded in front by the sternum, the six upper

costal cartilages, the ribs, and intercostal muscles ; at the sides, by the ribs and
intercostal muscles ; and behind, by the same structures and the dorsal portion of

the vertebral colamn.

The superior opening of the thorax is bounded on each side by the first rib

;

in front, by the upper border of the sternum ; and behind by the first dorsal

vertebra. It is broader from side to side than from before backwards ; and its

direction is backwards and upwards.

The loiuer opening, or base, is bounded in front by the ensiform cartilage

;

behind, by the last dorsal vertebra ; and on each side by the last rib, the Diaphragm
filling in the intervening space. Its direction is obliquely downwards and back-

wards ; so that the cavity of the thorax is much deeper on the posterior than on

the anterior wall. It is wider transversely than from before backwards. Its

outer surface is convex ; but it is more flattened at the centre than at the sides.

Its floor is higher on the right than on the left side, corresponding in the dead

body to the upper border of the fifth costal cartilage on the right side ; and to the

corresponding part of the sixth cartilage on the left side.

The parts which pass through the upper opening of the thorax are,- from before

backwards, the Sterno-hyoid and Sterno-thyroid muscles, the remains of the

thymus gland, the trachea, eesophagus, thoracic duct, and the Longus colli mitscles

of each side ; on the sides, the arteria innominata, the left common carotid and left

subclavian arteries, the internal mammary and superior intercostal arteries, the right

and left vense innominatEe, and the inferior thyroid veins, the pneumogastric,

sympathetic, phrenic, and cardiac 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 viscera contained in the thorax are, the heart, enclosed in its mem-branous

bag, the pericardium ; and the lungs, invested by the pleurte.

The Peeicaedium.

The Pericardium is a conical membranous sac, in which the heart and the

commencement of the great vessels are contained. It is placed behind the

sternum, and the cartilages of the third, fourth, fifth, sixth, and seventh ribs of

the left side, in the interval between the pleurte.

Its apex is directed upwards, and surrounds the great vessels about two inches

above their origin from the base of the heart. Its hase is attached to the central

tendon of the Diaphragm, extending a little farther to the left than the right side.

In front it is separated from the sternum by the remains of the thymus gland

above, and a little loose areolar tissue below ; and is covered by the margins of the

luno-s, especially the left. BeJiind, it rests upon the bronchi, the eesophagus, and

the descending aorta. Laterally, it is covered by the pleura3 ; the phrenic vessels

and nerve descending between the two membranes an either side.

The pericardium is a fibro-serous membrane, and consists, therefore, of two

layers: an external fibrous, and' an internal serous.
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The fibrous layer is a strong, dense membrane. Above, it surrounds the great

vessels arising from the base of the heart, on wliioh it is continued in the form of
tubular prolongations, which are gradually lost upon their external coat ; the
strongest being that which encloses the aorta. The pericardium may be traced,

over these vessels, to become continuous with the deep layer of the cervical fa.soia.

Below, it 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 membrane are the aorta,

the superior vena cava, and the pulmonary arteries and veins. As the inferior

368.—Front View of the Thorax. The Ribs and Sternum are represented
in Relation to the Lungs, Heart, and other Internal Organs.

veua cava enters the pericardium, tlirougli the central tendon of the Diaphragm,
it receives no covering from the fibrous layer.

The serous layer invests the heart, and is then reflected on the inner surface of

the pericardium. It consists, therefore, of a visceral and a parietal portion. The
former invests the surface of the heart, and the commencement of the great vessels,

to the extent of two inches from their origin ; from these, it is reflected upon the

inner surface of tlie fibrous layer, lining, below,- the upper surface of the central

tendon of the Diaphragm, The serous membrane encloses the aorta and pulmo-

nary artery in a single tube ; but it only partially covers the superior and inferior

vena cava and the four pulmonary veins. Its inner surface is smooth and

glistening, and secretes a thin fluid, which serves to facilitate the movements of

the heart.
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The arteries of the pericardium are derived from the internal mammary, the
bronchial, the oesophageal, and the phrenic.

The Heart.

The heart is a hollow muscular organ of a conical form, placed between the
lungs, and enclosed in the cavity of the pericardium.

Position. The heart is placed obliquely in the chest : the broad attached end,

or base, is directed upwards and backwards to the right, and corresponds to the

interval between the fifth and eighth dorsal vertebras : the apex is directed for-

wards and to the left, and corresponds to the interspace between the cartilage of

the fifth and sixth ribs, one inch to the inner side, and two inches 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. Its upper border would correspond to a line drawn across

the sternum, on a level with the upper border of the third costal cartilages ; and
its lower boi'der, to a line drawn across the lower end of the gladiolus, from the

costo-xiphoid articulation of the right side, to the point above mentioned, as the

situation of the apex. The lungs cover a part of the heart, and during inspiration,

when their borders nearly meet behind the sternum, a thin layer of lung covers

the roots of all tlie large vessels. Hence the custom of making a patient hold bis

breath whilst examining the sounds of the heart. But a considerable portion of the

heart is always uncovered by the lungs where they recede from each other below.

This ' area of the heart's dulness,' as it is commonly called, is said by Mr. Holden*
to be indicated, roughly, but sufficiently for practical purposes, by a circle one inch in

radius, the centre of which is midway between the nipple and the end of the sternum.

The anterior surface of tlie heart is rounded and convex, directed upwards and

forwards, and formed chiefly by the right ventricle and part of the left. Its pos-

terior 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 round.

Size. The heart, in the adult, measures five inches- in length, three inches

and a half in breadth in the broadest part, 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 1 to 1 69 in males ; i to 149

in females. The heart contimies increasing in weight, and also in length, breadth,

and thickness, up to an advanced period of life ; this increase is more marked in

men than in women.
Gomponent parts. The heart is subdivided by a longitudinal muscular septum

into two lateral halves, which are named respectively, from their position, right

and left ; and a transverse constriction divides each half of the organ into two

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 intc its auricle the

dark venous blood from the entire body, by the superior and inferior vena cava,

and coronary sinus. From the 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 pnhnonary veins, which open into the left auricle ; from the left

auricle the blood passes into the left ventricle, and from the left ventricle is dis-

tributed, by the aorta and its- subdivisions,, through the entire body. This con-

stitutes the circulation of the blood in the adult.

This division of the heart into four cavities is indicated by grooves upon its

surface. The great transverse groove- separating the auricles from the ventricles

is called the auriculo-ventricrdar groove; It is deficient, in front, from being

crossed by the root of the pulmonary artery, and contains the trunk of the nutrient

vessels of the heart. The auricular portion occupies the base of the heart, and is

subdivided into two cavities by a median septum. The two ventricles are also

* ' St. Earth. Hoap. Reports,' ii. 208.
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separated into a right and left, by two longitudinal faiTows, the interventricular

grooves, whicli are situated one on the anterior, the other on the posterior surface :

these extend from the base 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 more of its posterior surface.

Each of these cavities should now be separately examined.

The Right Atjkiclb is a little larger than the left, its walls somewhat thinner,

measuring about one line ; and its cavity is capable of containing about two

ounces. It consists of two parts, a principal cavity, or sinus, and an appendix

auriculae.

369.—The Right Auricle and Ventricle laid open,

the j^jjterior Walls of hoth heian- removed.

Jtigltt AurUttla XMitrieuJar- ovc~

The sinus is the large quadrangular cavity, placed between the two vense cavs ;

its walls are extremely thin ; it is connected below with the right ventricle, and
internally -with the left auricle, being free in the rest of its extent.

The a27]penclixi awiculce, 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 pulmonary artery.

To examine the interior of the auricle, a transverse incision should be made along ita

ventricular margin, from its right herder to the appendix ; and from the middle of this, a
second incision should he carried upwards, along the inner side of the two venae cavee.

The following parts present themselves for examination :

—

Superior cava.

Inferior cava.
, 1 •

rf a- IT 1 f Jiustachian.Ooronary omus. Valves. - „
-ci • mi 1 •- I Ooronary.fioramma Thebesu. ^ '

Auriculo-ventricul ar.

Relics of foetal
J
Annul us ovalis.

structure. 1 Fossa ovalis.

Musculi pectinati.

Oper
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Openings. Tlie superior vena cava returns the blood.from tlie upperlialf of tlio

body, and opens into the upper and front part of the auricle, the direction of its
,

orifice being downwards and forwards.

The inferior vena cava, larger than the superior, returns the blood from the lower

half of the body, and opens into the lowest part of the auricle, near the septum,

the direction of its orifice being upwards and inwards. The direction of a current

of blood through the superior vena cava would consequently be towards the auriculo-

ventricular oriSce
; whilst the direction of the blood through the inferior cava

would be towards the auricular septum. This is the normal direction of the two
currents in foetal life.

The tuherciduni Loiueri is a small projection on the right wall of the auricle,

between the two cavse. This is most distinct in the hearts of quadrupeds ; in 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

the auriculo-ventricular opening. It returns the blood from the substance of the

heart, and is protected by a semicircular fold of the lining membrane of the

auricle, the coronary valve. The sinus, before entering the auricle, is considerably

dilated—nearly to the size of the end of the little finger. Its wall is jjartly muscular,

and, at its junction with the great coronary vein, is somewhat constricted, and

furnished with a valve, consisting of two unequal segments.

The foramina Thehesii are numerous minute apertures, the mouths of small veins

{vence cordis minimce), 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 foramhia are minute depressions in the walls of the heart, presenting

a closed extremity.

The auriculo-ventricular opening is the large oval aperture of communication

between the auricle and the ventricle, to be presently desciibed.

Valves. The JEusiachian valve is situated between the anterior margin of the

inferior vena cava and the auriculo-ventricular orifice. It is semilunar in form, its

conves 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 /ceiits, this valve is of large size, and serves to direct the blood 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 alto-

gether wanting.

The coronary valve is a semicircular fold of the lining membrane of the aui'icle,

protecting the orifioe of the coronary sinus. It prevents the regurgitation of blood

into the sinus dux-ing the contraction of the auricle. This valve is occasionally

double.

The fossa ovalis is an oval depression, corresjsonding to the situation of the

foramen ovale in the foetus. It is situated at the lower part of the septum auri-

cularum, above 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 mai'gin 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 niusculi pectinati are small, prominent muscular columns, which run across

the inner surface of the appendix auriculas, and adjoining portion of the wall of the

sinus. They have received the name, pectinati, from the fancied resemblance they

bear to the teeth of a comb.
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The Right Venteicle is triangular in form, and extends from the right

auricle to near the apex of .the heart. Its anterior or upper sm-face is rounded
and convex, and forms the larger part of the front of the heart. Its posterior or

under surface is flattened, rests upon the Diaphragm, and forms only a small part

of the back of the heart. Its inner wall is formed by the partition between the

two ventricles, the septum ventriculonmn, the surface of which is convex, and
bulges into the cavity of the right ventricle. Superiorly, the ventricle forms a
conical prolongation, the infundibulum, or conus arteriosus, from which the

pulmonary artery arises. The walls of the right ventricle are thinner than those

of the left, the proportion between them being as i to 2 (Bizot). 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 two
fluid ounces.

To examine the interior, an incision should be made a little to the right of the anterior
ventricular groove from the pulmonary artery to the apex of the heart, and should he carried
up from thence along the light border of the ventricle, as far as tlie auriculo-veutricnlar
opening.

The following parts present themselves for examination :
—

„ . J Auriculo-ventricular

.

1 Opening of the pulmonary artery.

Valves . . .

/Tricuspid.

L semilunar.
Semilunar.

And a muscular and tendinous apparatus connected with the tricuspid valve :
—

ColumnEe earner. Chordse tendincEe.

The auriculo-ventricular orifice is the large oval aperture of communication
between the auricle and ventricle. It is situated at the base of the ventricle, near
the right border of the heart, and corresponds to the centre of the sternum
between the third costal cartilages. The opening is about an inch in diameter,*

oval from side to side, surrounded by a fibrous ring, covered by the lining mem-
brane of the heart, and rather larger than the corresponding aperture on the left

side, being sufficiently large to admit the ends of three fingers. It is guarded by
the tricuspid valve.

The opening of tlie pidmoiiary artery is circular in form, 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, and corresponds' to the upper border of the third costal cartilage of the

left side, close to the sternum. 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 Kiirschner and Senac,

muscular fibres. . These segments are connected by their bases to the auriculo-

ventricular orifice, and by their sides with one another, so as to form a continuous

annular membrane, which is attached round the margin of the auriculo-ventricular

opening, their free margins and ventricular surfaces afibrding attachment to a

number of delicate tendinous cords, the cJiordce tendinece. The largest and most

* In the Pathological Traiisactions, 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 4|j inches ; the left

auriculo-ventricular aperture a mean circumference of 44"3 lines, or 3|| inches ; the pul-

monic orifice of 40 lines, or 3|| inches ; and the aortic orifice of 35'5 lines, or 3— inches:

hut the dimensions of the orifices varied greath' in difi'erent cases, the right auriculo-

ventricular aperture having a range of from 45 to 60 lines, and the others in the same
proportion.
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moveable segment is placed towards the left side of tlie auriculo-ventricular

opening ; interposed between that opening and the jDulmonary 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 lateral margins
are thin and indented. The chords tendineis are connected with the adjacent

margins of the principal segments of the valve, and are further attached to each

segment in the following manner: i. Three orfonr reach the attached margin of

each segment, where they are continnous with the auriculo-ventricular tendinous

ring. 2. Others, four to sis in number, are attached to the central thickened part

of each segment. 3. The most numerous and finest are connected with the mar-
ginal portion of each segment.

The columnce carnece. are the rounded muscular columns which project from
nearly the w^hole of the inner surface of the ventricle, exceisting near the opening

of the pulmonary artery. They may be classified, according to their mode of

connection with the ventricle, into three sets. The first set merely form prominent
ridges on the inner surface of the ventricle, being attached by their entire length

on one side, as well as by their extremities. The second set are attached by their

two extremities, but are free in the rest of their extent ; whilst the third set

(muscidi painllares), three or four in number, are attached by one extremity to the

wall of the heart, the opposite exti'emity giving attachment to the chordce tendinece.

The tricuspid valve is situated behind the middle of the sternum, about the level of

the fourth costal cartilage.

The semilunar valves, thi'ee in number,* guard the orifice of the pulmonary
artery. They consist of three semicircular folds, formed by a duplicature of the

lining membrane, strengthened by fibrous tissue. They are attached, by their

convex margins, to the wall of the artery, at its junction with the ventricle, the

straight border being free, and directed upwards in the course of the vessel,

against the sides of which the valve-flaps are pressed during the passage of the

blood along the artery. The free margin of each is somewhat thicker than the

rest of the valve, is strengthened by a bundle of tendinous fibres, and prjsents, at

its middle, a small projecting fibro-cartilaginous nodule, called corpus Arantii.

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 lunated portions, placed on either side of

the nodale, 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 its cylinder,

and the course of the blood along the tube is nninterrupted ; 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 imme-

diately expanded, and effectually close the entrance of the tube. When the valves

are closed, the lunated portions of each are brought into contact with one another

by their opposed surfaces, the three fibro-cartilaginous nodules filling up the small

triangular space that would be otherwise left by the approximation of the three

semilunar folds.

Between the semilunar valves and the commencement of the pulmonary artery

are three pouches or dilatations, one behind each valve. These are the pulmonary

sinuses (sinuses of Yalsalvay. 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. The pulmonary valves are situated behind the

junction of the left third rib with the sternum.

The Left Auricle is rather smaller but thicker than the right, measuring about

one line and a half; it consists, like the right, of two parts, a principal cavity or

sinus, and an appendix auriculae.

* The pidmonary semilunar valves have been found to he two in number instead of three

(Dr. Hand of St. Paul Minn, in the ' North-Western Med. and Surg. Jomn.,' July 1873), and
the same variety is more frequently noticed in the aortic semilunar valves.
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The sinus is cnboidal in form, and concealed in front by the pulmonary artery

and aorta
;
internally, it is separated from the right auricle by the septum auricu-

larum ; behind, it receives on each side the pulmonary veins, being free in the rest

of its extent.

The appendix auriculoe is somewhat constricted at its junction with the auricle
;

it is longer, narrower, and more curved than that of the right side, and its margins

m.ore deeply indented, presenting a kind of foliated appearance. Its direction is

forwards and towards the right side, overlapping the root of the pulmonary
artery.

In order to examine its interior, a horizontal incision should be made along the attached

horder of the auricle to the ventricle ; and from the middle of this, a second incision should
be carried upwards.

The following parts then present themselves for examination :

—

The openings of the four pulmonary veins.

Aurioulo-ventricular opening.

Musculi pectinati.

Ihe pvlmoiiary veins, to-ax in numbev, open, two into the right, and two into

the left side of the auricle. The two left veins frequently terminate by a common
Oldening. They are not provided with valves.

370.—The Left Auricle and Ventricle laid open,

the antei-ior Walls of both being removed.

calo VarXr

'sed ih ^ AsTtu; o/ Entutf

Ihe a-tmculo-'VC') b icuTai ofening\s 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, p. 666).

The musauli 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 septn.m auricularum may be seen a lunated impres-

sion, bounded below by a crescentio ridge, the concavity of which is turned up-

wards. The depression is just above the fossa ovalis in the right auricle.
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The Left Ventkicle is longer and more conical in shape than the right ven-

tricle. It forms a small part of the left side of the anterior surface of the heart,

and a considerable part of its posterior surface. It also forms the apex of the

heart by its projection beyond the right ventricle. Its walls are much thicker

than those of the right ventricle, the proportion being as 2 to i (Bizot). They
are also thickest in the broadest part of the ventricle, becoming gradually thinner

towards the base, and also towards the apex, which is the thinnest part.

Its cavity should be opened, hj' making an incision through its anterior wall along the

left side of the ventricular septum, and carrying it round the apex and along its posterior

surface to the aurioulo-ventricular opeuing.

The following parts present themselves for examination :

—

_ . f Aurioulo-ventricular. ^^ ,
T Mitral.

Upenmgs. i a <-• Valves, s „ -i^ '^ i Aortic. L Semilunar.

Chordse tendineK. Columnae carnese.

The aunculo-venlricular opening is placed to the left of the aortic orifice,

beneath the right auriculo-ventricular opening, opposite the centre of the sternum.

It is a little 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 heart,

and guarded by the mitral valve.

The aortic opening is a small circular aperture, in front and to the right side of

the auriculo-ventricular, from which it is separated by one of the segments of

the mitral valve. Its orifice is guarded by the semilunar valves. Its position

corresponds to the sternum, on a line with the lower border of the third left

costal cartilage.

The mitral valve is attached to the circumference of the auriculo-ventricular

orifice in the same way that the tricuspid valve is on the opposite side. It is

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

stronger than the tricuspid, and consists of two segments of unequal size. The
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

ventricle. Two smaller segments are usually found at the angle of junction of

the larger. The mitral valve-flaps are furnished with chordiB tendinese, the mode
of attachment of which is precisely similar to those on the right side ; but they

are thicker, stronger, and less numerous. The mitral valve lies in the third inter-

costal space, about an inch from the left border of the sternum.

The semilunar valves surround the orifice of the aorta ; they are similar in

structure, and in their mode of attachment, to those of the pulmonary artery.

They are, however, larger, thicker, and stronger than those of the right side
;

the lunulfe are more distinct, and the corpora Arantii larger e.nd more prominent.

Between each valve and the cylinder of the aorta is a deep depression, the simts

aortici (sinuses of Valsalva) ; they are larger than those at the root of the pulmo-
nary artery. The aortic valves lie close behind the left border of the sternum, in

the third intercostal space.

The columncB oarnece admit of a subdivision into three sets, like those upon the

right side ; but they are smaller, more numerous, and present a dense interlace-

ment, especially at the apex, and upon the posterior wall. Those attached by one
extremity only, the inusculi papillares, 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 chordas tendineiB arise.

The Undocardiimi is the serous membrane which lines the internal surface of

the heart ; it assists in forming the valves by its reduplications, and is continuous
with the lining membrane of the great blood-vessels. It is a thin, smooth, trans-

parent membrane, giving to the inner surface of the heart its glistening appear-

ance. It is more opaque on the left than on the right side of the heart, thicker in
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the auricles than in the ventricles, and thickest iu the left anricle. It is thin on
the mtiscnli pectinati, and on the colnmnse carneffi ; but thicker on the smooth
jDart of the auricular and ventricular Avails, 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-

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, vfith the aorti c arterial ring. Between
these and the right auriculo-ventricular ring, is a fibro-cartilaginous mass ; and in

some of the larger animals, as the ox and elephant, a portion of bone.

The fibrous rings surrounding the arterial orifices serve for the attachment of

the great vessels and semilunar valves. Each ring receives, by its ventricular

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 thin cellular

coat and serous membrane externally, and by the endocardium within. It is

opposite the margins of these semicircular notches, in the arterial rings, that the

endocardiu.m, 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 strise (p. Ixvi).

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

another.

Fibres of the auricles. These are disposed in two layers : a superficial layer

common to both cavities, and a deep layer proper to each. The superficial fibres

are more distinct on the anterior surface of the auricles, across the bases of which

they run in a transverse direction, forming a thin, but incomplete, layer. Some
of these fibres pass into the septum auricularnm. The internal or deep fibres

proper to each auricle consist of two sets, looped and annular fibres. The looped

fibres pass upwards over each auricle, being attached by two extremities to the

corresponding auriculo-ventricular rings, in front and behind. The annular fibres

surround the whole extent of the appendices auriculte, and are continued upon
the walls of the venae cavse 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.

The fibres of the ventricles are arranged in numerous layers, of which Petti-

grew * describes seven. Other anatomists have regarded them differently, and

indeed there must be some uncertainty on the subject, for the layers are not inde-

pendent of each other, but their fibres are interlaced to a considerable extent.

And it has been observed that as Pettigrew's observations were made chiefly on

the hearts of the lower animals, they may not apply exactly to man. Yet as this

description has been received by some "of the best anatomists, and is supported by

a large series of preparations, it seems best to adopt it.

The general result of these investigations may be very briefly stated as follows.

In the left ventricle the fibres of the first or most external layer are continuous

with those of the seventh or most internal, those of the second with the sixth, and

those of the third with the fifth, while the fourth or central layer appears to be single.

* Phil. Tr.ins. 1864.
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The general direction of the fibres of the external layer is nearly vertical, but in-

clining somewhat from left to right as they run downwards ; the direction of the

fibres of the internal layer is just the reverse, nearly vertical but running upwards

from left to right ; those of the second layer run more obliqnely downwards, from

left to right, and those of the sixth with a corresponding obliquity in the reversed

directions. The obliquity of the fibres of the third layer is greater ; in fact, they

approach the horizontal, as do those of the fifth in the reversed direction, while

the fibres of the fourth layer run pretty nearly horizontal. The thickness of the

layers increases from without inwards, so that the fourth layer, which is the middle

in order of sequence, lies nearer the outer than the inner surface of the ventricular

wall. The fibres of the external or superficial layer arise, as a rule, from the

auriculo-ventricular rings and from the fibrous ring surrounding the aorta, but a
few of them are continued beneath therings into the coIumn83 earner.* They curve

round at the apex in a spiral, which forms the whorl or vortex, those from the ante-

rior surface of the heart curving round to enter the apex posteriorly, and vice versa.

l?rom the apex they ai'C traced up into the seventh layer, which is much thicker,

and from which the musculi papillares and columnse carneee are chiefly formed.

The apex of the heart is formed exclusively of the fibres of this first layer (or first

and seventh), so that, when it is removed, the ventricle is opened. And the

successive layers terminate further and further from the apex, an arrangement

which has led to their fibres being described as shorter, which Pettigrew doubts,

attributing the shortness of the layers to the different direction of the fibres, not

to any difference in length in the individual fibres. Since the deeper layers

do not descend to the apex, this is the thinnest part of the ventricle, measuring only

^th of an inch in thickness even in the heart of an ox.

The fibres of the deeper layers are not connected with the auriculo-ventricular

rings, but pass below them, each layer terminating a little below the more super-

ficial layer which wraps round it, though the difference in this respect is not so

great as in their depth towards the apex.

The fibres of the first layer pass across the septum from one ventricle to the

other, an arrangement particularly well seen at the back of the heart, where there

is a set of transverse fibres described by Pettigrew as the ' hingelike fibi'es ' of

the back of the heart, and the three subjacent layers also take part in the formation

of both ventricles ; but when the fourth layer is removed, the two ventricles are

entirely severed from each other posteriorly. The septum is formed of the fibres

of both ventricles applied to each other.

The general arrangement of the fibres of the right ventricle is the same as that

of the left, but the external fibres do not pass in to be continuous with the in-

ternal at a single point—the apex—but all along the anterior coronary groove. Its

fibres are more delicate than those of the left, and it is regarded by Pettigrew as

formed out of the left ventricle by a kind of reflection inwards of the wall of the

single cavity of which the ventricles consist at one period of foatal life (see Intro-

duction). He points out that the heart at that period may be supposed to be

represented by an open tube formed of spiral fibres. If, now, a portion of this tube

or cylinder were pushed down to meet the opposite wall, to which the fibres of the

reflected portion adhere, and with which they coalesce, there would be formed an
offset from the common ventricular cavity, formed partly of common and partly of

special fibres, as is the case in the heart. At this early period the outer layers are

not formed and the apex is still unclosed. Their formation closes in the apex and
completes the walls of the ventricles. If this is the case the septum must be

formed of two elements or sets of fibres, one proper to the original single ventricle,

and therefore in after life proper to the left ventricle, the other set formed from

the reflected or reduplicated fibres which now form the right ventricle.f To these

* ' It is a great mistake to imagine that all the fibres of the ventricles arise from the

auriculo-ventricular tendinous ring.s, the fact being- that, with the exception of the fibres of the
first ard seventh layers, they are continuous beneath them.'—Pettigrew, op. cit. p. 456, note.

t If the general idea of this is not at once obvious, it will become so by takmg a roll of
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of course the fibres whicli cross over from one ventricle to the other may be added.
Pettigrew regards the portion of the septum which belongs to the left ventricle as
twice that which belongs to the right. For many interesting particulars with
regard to the arrangement of the fibres and the shape of the cavities the reader
must be referred to the original paper.

Vessels and Nerves. The arteries supplying the heart are the left or anterior

and right or posterior coronary (p. 333).
The veins accompany the arteries, and terminate in the right auricle. They are

the great cardiac vein, the small or anterior cardiac veins, and the vense cordis

minim£B (vence Thehesii) (p. 450).
The lymphatics 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 ganglia.*

Pecoliaeities in the Vascdlae System of the Fcetus.

The chief peculiarities in the heart of the fcetus 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 as 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 capacioas 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 aud back part of the septum auricu-

larum, forming a communication between the auricles. It attains its greatest size

at the sixth month.

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 pulmorary artery and descending part of the arch of the 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 con-

tinuation of the pulmonary artery, and opens into the arch of the aorta, just below

the origin of the left subclavian artery ; and so conducts the chief part of the blood

from the right ventricle into the descending aorta. When the branches of the

pulmonary artery have become larger relatively to the ductus arteriosus, the latter

is chiefly connected to the left pulraonary artery ; and the fibrous cord, which is all

paper, calling one side of it the posterior and the other the anterior, and bending it at the

right side of its middle till the anterior touches the posteiior surface. The larger part to

the left of the middle line represents the left ventricle, the. smaller the right, and the double

fold in the middle the septum ; then, if the reflected parts where they touch are gummed
to each other, this will represent the coalescence of the septum with the outer wall, whereby

the right ventiicle hecomes a separate tube from the left. The lower openings of these two
tubes are closed in by the growth of the external layers.

* For full and accurate descriptions of the nerves and ganglia of the heart, the student

is referred to Dr. R. Le6's papers on the subject.
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that remains of tlie ductus arteriosus in later life, will be found to be attaclied to

the root of that vessel.

The umbilical, or hypogastric aj-terie.t, 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.

371.—Plan of the Foetal Circulation.

Initfna/ IZitic A

In this plan the figured arrows rep-esent the kind of Mood, aa well as the direction

which it takes in the vessels. Thus—arterial blood is flgm'ed ^;;>^ ^; venous

blood, >^ ^ ; mixed (arterial and venous) blood, ^ ^.
XX
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The peculiarity in the venous system of the foetus is the communication
established between the placenta and the liver and portal vein, through the umbi-
lical vein, and cvith the inferior vena cava by the ductus venosus.

FffiTAL CtRCULAl'ION.

The arterial blood destined for the nutrition of the foetus ia carried from the

placenta to the fcetus, along the umbilical cord, by the umbilical vein. The
umbilical vein enters the abdomen at the umbilicus, and passes upwards along the

free margin of the suspensory ligament of the liver to the under surface of that

organ, where it gives off two or three branches to the left lobe, one of which is

of large size ; and others to the lobus quadratus and lobnlus Spigelii. At the

transverse fissure it divides into two branches ; of these, the larger is joined by

the portal vein, and 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 vessel with the inferior vena cava. The blood, therefore, which

traverses the umbilical vein, reaches the inferior cava in three different ways.

The greater quantity circulates through the liver with the portal venous blood,

before entering the vena cava by the hepatic veins ; some enters the liver directly,

and is also 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. Prom
the left auricle it passes into the left ventricle ; and, from the left ventricle, into

the aorta, from whence it is distributed almost entirely to the head and upper

extremities, a small quantity being probably carried into the descending aorta.

Prom 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. Fiom 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 sohd, and almost

impervious, only a small quantity of the blood of the pulmonary artery is distri-

buted to them, by the right and left pulmonary arteries, which 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

umbiHcal arteries to the placenta.

From the preceding account of the circulation,of the blood in the fostus, it will

be seen :—
1. That the placenta serves the double purpose of a respiratory and nutritive

organ, receiving the venous blood from the foetus, and returning it again reoxy-

genated, 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.

3. That the right auricle is the point of meeting of a double current, the blood

in the inferior cava being guided by the Eustachian valve into the left auricle,

whilst that in the superior cava descends into the right ventricle. At an early

period of foetal life, it is highly probable that the two streams are quite distinct

:

ror the inferior cava opens almost directly into the left auricle, and the Eusta-

chian valve would exclude the current along the vein from entering the i-ight
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ventricle. At a later period, as the separation between the two auricles becomes

more distinct, it seems probable that some mixture of the two streams 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 tlie 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 which

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.

Changes in the Vascolae System at Birth.

At birth, when respiration is established, 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 oS".

The foramen ovale becomes gradually closed in by about the tenth day after birth

;

a valvular fold rises up on the left side of its margin, and ultimately above its

upper part ; this valve becomes adherent to the margins of the foramen for the

greater part of its circumference, but above a valvular opening is left between
the two auricles, which sometimes remains persistent.

The ductus arteriosus begins to contract immediately after respiration is esta-

blished, becomes completely closed from the fourth to the tenth day, and ultimately

degenerates into an impervious cord, which serves to connect the left pulmonary

artery to the concavity of the arch of the aorta.

Of the umhilical 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 birth, and forms the

anterior true ligament of the bladder.

The umbilical veins 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.



Organs of Voice and Kespiration.

The Larynx.

372.—Side View of the Thyi-oid and
Cricoid Cartilao;es.

THE Larynx is the organ of voice, placed at the upper part of the air-passage.

It is situated between the trachea and base of the tongue, at the upper and
fore part of the neck, where it 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

cavity.

The Larynx is narrow and cylindrical below, but broad above, where it presents

the form of a triangular box, flattened behind and at the sides, whilst in front it

is bounded by a prominent vertical ridge. It is composed of cartilages, which are

connected together by ligaments and moved by numerous muscles : the interior is

lined by mucous membrane, and supplied with vessels and nerves.

The Cartilages of the larynx are nine in number, three single, and three pairs

:

Thyroid. Two Arytenoid.

Cricoid. Two Comicula Laryngis.

Epiglottis. Two Cuneiform.

The Thyroid (QvpeoQ, a shield) is the largest cartilage of the larynx. It consists

oftwo lateral lamellce or ate, united at an acute angle in front, forming a vertical

projection in the middle line which is

prominent above, and called the ponmni

Adami. This projection is subcutaneous,

more distinct in the male than in the

female, and occasionally separated from

the integument by a bursa mucosa.

Each lamella is quadrilateral in form.

Its outer surface presents an oblique

ridge, which passes downwards and for-

wards from a tubercle, situated near the

root of the superior cornu. This ridge

gives attachment to the Sternorthyroid

and Thyro-hyoid muscles ; the portion of

cartilage included between it and the

posterior border, to part of the Inferior

constrictor muscle.

The inner surface of each ala is smooth,

concave, and covered by mucous membrane
above and behind ; but in front, in the re-

ceding angleformed by their junction, are

attached the epiglottis, the true and false

chordEe vocales, the Thyro-arytenoid, and
Thyro-epiglottidean muscles.

The upper harder of the thyroid carti-

lage is deeply notched in the middle line,

immediately above the pomum Adami,
whilst on either side it is slightly concave. This border gives attachment through.

out its whole extent to the thyro-hyoid membrane.
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373-- -The Cartilages of the Larynx.
Posterior View.

PICUOVTIS

The lower harder is connected to the cricoid cartilage, in the median line, by the

crico-thjroid membrane ; and, on each side, by the Crico-thyroid muscle.

Iheposterior borders, thick and rounded, terminate, above, in the superior cornua

;

and, below, in the inferior cornua. The two superior cornua are long and narrow,

directed backwards, upwards, and inwards ; and terminate in a conical extremity,

which gives attachment to the thyro-hyoid ligament. The two inferior cornua are

short and thick ; they pass forwards and inwards, and present, on their inner

surfaces, a small, oval, articular facet for articulation with the side of the cricoid

cartilage. The posterior border receives the insertion of the Stylo-pharyngeus and

Palato-pharyngeus muscles on each side.

The Cricoid Cartilage is so

called from its resemblance to

a signet ring (i;pUnc, a ring').

It is smaller but thicker and

stronger than the thyroid carti-

lage, and forms the lower and

back part of the cavity of the

larynx.

Its avierior lialf is narrow,

convex, affording attacbment in

front and at the sides to the

Crico-thyroid muscles, and, be-

hind those, to part ofthe Inferior

constrictor.

Its posterior Jialfia very broad,

both from side to side and from

above downwards ; it presents in

the middle line a vertical ridge

for the attachment of the longi-

tudinal fibres of the cesophagus
;

and on either side a broad depres-

sion for the Crico-arytsenoideus

posticus muscle.

At the point of junction of

the two halves of the cartilage

on either side is a small round
elevation, for articulation with

the inferior cornu of the thyroid

cartilage.

The lower horder of the cricoid

cartilage is horizontal, and con-

nected to the upper ring of the

trachea by fibrous membrane.
Its upperhorder is directed ob-

liquely upwards and backwards,

owing to the great depth of its

posterior surface. It gives at-

tachment, in front, to the crico-

thyroid membrane ; at the sides,

to part of the same membrane
and to the lateral Crico-arj'tenoid

muscle; behind, the highest point

of the upper border is surmounted on each side by a smooth oval surface, for

articulation with the arytenoid cartilage. Between the articular surfaces is a slight

notch, for the attachment of part of the Arytaenoideus muscle.

The inner surface of the cricoid cartilage is smooth, and lined by mucous

membrane.

f.- M/>r.
^ Thy
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The Arytenoid Gartilages are so called from the resemblance they bear, -wlien

approximated, to the mouth of a pitcher (apuratva, a intclier). 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 postet-ior surface is triangular, smooth, concave, and lodges part of the

Arytenoid muscle.

The anterior surface, somewhat convex and rough, gives attachment to the

Thyro-arytenoid muscle, and to the false vocal cord.

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 hase 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, receiving the insei'tion of the posterior and lateral Crico-

arytenoid muscles. The anterior angle, also prominent, but more pointed, gives

attachment to the true vocal cord.

The apex of each cartilage is pointed, curved backwards and inwards, and

surmounted by a small conical-shaped, cartilaginous nodule, corniculum laryngis

(cartilage of Santorini). This cartilage is sometimes united to the arytenoid, and
serves to prolong it backwards and inwards. To it is attached the aryteno-

epiglottidean fold.

The cuneiform cairtilages (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-epiglottldean fold) ; they give rise to small whitish elevations on the

inner surface of the mucous membrane, jast in front of the arytenoid cartilages.

The epiglottis is a thin lamqlla of fibro-cartilage, of a yellowish colour, shaped

like at 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 al» 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.

Its anterior or lingual surface is curved forwards towards the tongue, and

covered by mucous membrane, which is reflected on to the sides and base of

the organ, forming a median and two lateral folds, the glosso-epiglottidean

ligaments.

Its posterior or laryngeal surface is smooth, concave from side to side, convex

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.

Structure.—The epiglottis, cuneiform cartilages, and cornicula laryngis are

composed of yellow cartilage, which shows little tendency to ossification; but the

other cartilages resemble in structure the costal cartilages, becoming more or less

ossified in old age.

Ligaments.—The ligaments of the larynx are extrinsic, i.e., those connecting the

thyroid cartilage -nath the os hyoides ; and intrinsic, those which connect the

several cartilaginous segments to each other.

The ligaments connecting the thyroid cartilage with the os hyoides are

three in number : the thyro-hyoid membrane, and the two lateral thyro-hyoid

ligaments.

The thyro-hyoid memhrane is a broad, fibro-elastic, membranous layer, attached
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below to the upper border of the thyroid cartilage, and above to the upper border

of the inner surface of the hyoid bone : being separated from the posterior sarface

of the hyoid bone 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 tico 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 found in each.

The ligaments connecting the thyroid cartilage to the cricoid are also three in

number : the crico-thyroid membrane, and the capsular ligaments and synovial

membrane.
The a-ieo-thyro'id membrane is composed mainly of yellow elastic tissue. It

is of triangular shape ; thick in front, where it connects together the contiguous

margins of the thyroid and cricoid cartilages ; thinner at each side, where it

extends 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 anterior portion of the crico-thyroid membrane is convex, concealed on

each side by the Crico-thyroid muscle, subcutaneous in the middle line, and
crossed horizontally by a small anastomotic arterial arch, formed by the junction

of the two crico-thyroid arteries.

The lateral portions are lined internally by mucous membrane, and covered by

the lateral Ci-ico-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 ligaments connecting the arytenoid cartilages to the cricoid are two thin

and loose capsular ligaments connecting together the articulating surfaces, lined

internally by synovial membrane, and strengthened behind by a strong posterior

crico-arytenoid ligament, which extends from the cricoid to the inner and back

part of the base of the arytenoid cartilage.

The ligaments of the epiglottis are the hyo-epiglottic, the thyro-epiglottic, and
the three glosso-epiglottic folds of mucous membrane which connect the epiglottis

to the sides and base of the tongue. The latter have been already described.

The hyo-epiglottic ligament is an elastic fibrous band, which extends from the

anterior surface of the epi-

374.—The LarjTix and adjacent parts, seen from above. glottis, near its apex, to the

posterior surface of the btjdy

of the hyoid bone.

The thyro-epiglotbic liga-

ment is a long, slender, elastic

cord, which connects the apex
of the epiglottis with the

receding angle of the thyroid

cartilage, immediately beneath
the median notch, above the

attachment of the vocal cords.

Interior of the Larynx.—
The superior aperture of the

larynx (fig. 374) is a triangu-

lar or cordiform opening, wide
in front, narrow behind, and
sloping obliquely downwards
and backwards. It is bounded
in front by the epiglottis

;

behind, by the apices of the

arj'tenoid cartilages, and the cornicula laryngis
;
and laterally, by a fold ofmucous

V -.nns^
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merabrane, enclosing ligamentous and ranscular fibres, stretched between the sides

of the epiglottis and the apex of the arytenoid cartilages : these are the arjteno-

epiglottidean folds, on the margins of which the cuneiform cartilages form a more
or less distinct whitish prominence.

The cavity of the larijnx extends from the aperture behind the epiglottis to the

lower border of the cricoid cartilage. It is divided into two parts by the projec-

tion inwards of the vocal cords, and the Thyro-arytenoid muscles ; between the two
cords is a long and narrow triangular fissure or chink, the glottis, or riTua glottidis.

The portion of the cavity of the larynx above the glottis is broad and triangular

in shape above, and corresponds to the interval between the ate of the thyroid

cartilage ; the portion below the glottis is at first of an elliptical, and lower down
of a circular form.

The glottis {rima glottidis) is the interval between the inferior or true vocal

cords. The two superior or false vocal cords are placed above the latter, and are

formed almost entirely by a folding inwards of the mucous membrane ; whilst the

two inferior or true vocal cords are thick, strong, and formed partly by mucous
membrane, and partly by ligamentous fibres. Between the true and false vocal

cords, on each side, is an oval depression, the sinus, or ventricle of the larynx,

which leads upwards, on the outer side of the superior vocal cord, into a csecal

pouch of variable size, the saccidus laryngis.

The rima glottidis is the narrow fissure or chink between the 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

375.—Vertical Section of the Larynx
and Upper Part of the Trachea.

'ixnsiiL

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 measure-

ments are less by two or three lines.

The form of the glottis varies. In its

half-closed condition it is a narrow

fissure, a little enlarged and rounded

behind. In quiet breathing it is widely

open, somewhat triangular, the base of

the triangle directed backwards, and
corresponding to the space between
the separated ai'ytenoid 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 made parallel, the degree of ap-

proximation and tension corresponding

to the height of the note produced.*

The superior or false vocal cords,

so called because they are not directly

concerned in the production of the

voice, are two folds of mucous mem- '

brane, enclosing a delicate narrow
fibrous band, the superior thyro-arytenoid ligament. This ligament consists of a
thin band of elastic tissue, attached in front to the angle of the thyroid cartilage

below the epiglottis, and behind to the anterior surface of the arytenoid cartilage.

* On the shape of the glottis, in the Tarious conditions of breatliing: and speaking, see
' Ozermak on the Laryngoscope,' translated for the Neiv Sydenham Society.
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The lower border of this h'gamcnt, enclosed in mucous membrane, forms 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 being concerned in the

production of sound, are two strong fibrous bands {inferior thyra- arytenoid liga-

ments), 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 de-

pression between the two alse of the thyroid cartilage, and behind to the anterior

angle of the base of the arytenoid. Its lower border is continuous with the thin

lateral part of the crico-thyroid membrane. Its upper border forms the lower

boundary of the ventricle of the lai'ynx. Externally, the Thyro-arytsenoideus

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 their entire length. This

fossa is boanded above by the free crescentic edge ofthe superior vocal cord ; below

by the straight margin of the true vocal cord ; externally, by the corresponding

Thyro-arytfenoideus muscle. The anterior part of the ventricle leads up by a

narrow opening into a ctecal pouch of mucous membrane of variable size, called

the laryngeal foucli.

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, like a Phrygian cap. On the surface of its mucous membrane are the

openings of sixty or seventy small follicular glands, which are lodged in the

submucous areolar tissue. This sac is enclosed in a fibrous capsule, continuous

below with the superior thyro-arytenoid ligament : its laryngeal surface is covered

by the Arytseno-epiglottideus inferior muscle (Compressor sacculi laryngis, Hilton)
;

whilst its exterior is covered by the Thyro-epiglottideus muscle. These muscles

compress the sacculus laryngis, and discharge the secretion it contains upon the

chordiB vocales, the surfaces of which it is intended to lubricate.

Muscles.—The intrinsic muscles of the larynx are eight in number ; five of which
are the muscles of the chord® vocales and rima glottidis ; three are connected with

the epiglottis.

The five muscles of the chordae vocales and rima glottidis are the

Crico-thyroid. Arytsenoideus.

Crico-aryteenoideus posticus. Thyro-aryteenoideus.

Crico-arytaenoideus lateralis.

The Crico-thyroid is triangular in form, and situated at the fore part and side

of the cricoid cartilage. It arises fi'om the front and lateral part of the cricoid

cartilage ;
its fibres diverge, passing obliquely upwards and outwards, to be in-

serted into the lower and inner borders of the thyroid cartilage, from near the

median line in front, as far back as the inferior cornu.

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-arytcenoideits posticus arises from the broad depression occupying each
lateral half of the posterior surface of the cricoid cartilage ; its fibres pass upwards
and outwards, converging to be inserted into the outer angle of the base of the
arytenoid cartilage. The upper fibres are nearly horizontal, the middle oblique,

and the lower almost vertical.*

* Dr. Merkel of Leipsic has described a muscular slip which occasionally extends
betweeu the outer border of the posterior surface of the cricoid caitilaoe and the posterior
margin of the inferior cornu of the thyroid ; this he calls the ' Musouliis kerato-cricoideiis.'

It is not found in every larynx, and when present exists usually only on one side, but is

occasionally found on both sides. Mr. Turner {Edinhurgh Medical Journal, Feb. i860) states
that it is found in about one case in five. Its action is to iix 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 Grico-anjtcBnoideus lateralis is smaller than the preceding, and of an
oblong form. It arises from the upper border of the side of the cricoid cartilage,

and, passing obliquely upwards and

backwards, is inserted into the outer

angle of the base of the arytenoid

cartilage, in front of the preceding

muscle.

The Thijro-arijtcenoideus is a

broad, flat muscle, which lies 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. Its fibres

pass horizontally backwards and

outwards, to be inserted into the

base and anterior surface of the

arytenoid cartilage. This muscle

consists of two fasciculi, The in-

ferior, the thicker, is inserted into

the anterior angle of the base of the

arytenoid cartilage, and into the ad-

jacent portion of its anterior surface

;

it lies parallel with the true vocal

cord, to which it is occasionally

adherent. The 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, imme-
diately beneath its mucous lining.

The Arytcenoideus is . a single

muscle, filling up the posterior con-

cave surface of the arytenoid carti-

lages. It arises from the posterior

surface and outer border of one

arytenoid cartilage, and is inserted

into the corx'esponding parts of the

opposite cartilage. It consists of

three planes of fibres : two oblique

and one transverse. The oblique

fibres, the most superficial, form

two fasciculi, which pass from the

base of one cartilage to the apex of

the opposite one. The transverse

fibres, the deepest and most nume-
rous, pass transversely across be-

tween the two cartilages ; hence the

Aryteenoideus was formerly con-

sidered as several muscles, under
the name of transversi and obliqui.

A few of the oblique fibres are oc-

casionally continued round the outer

margin of the cartilage, and blend
with the Thyro-arytenoid or the

Arytffino-epiglottideus muscle.

376.—Muscles of Larynx. Side View.
Right Ala of Thyroid Cartilage removed.

377-- -Interior of the Larynx, seen from above.

(Enlarged.)
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The muscles of the epiglottis are, the

Thyro-epiglottideus.

Aryteeno-epiglottideus superior.

Aryteeno-epiglottideus inferior.

The Thyro-epigloUideus is a delicate fasciculus, which arises from the inner

surface of the thyroid cartilage, just external to the origin of the Thyro-arytenoid

muscle, and spreading out upon the outer surface of the sacculus laryngis, some

of its fibres are lost in the aryteno-epiglottidean fold, whilst others are continued

forwards to the margin of the epiglottis {Depressor epiglottidis)

.

The Aryiceuo-epiglottideus superior consists of a few delicate muscular fasciculi,

which arise from the apex of the arytenoid cartilage, and become lost in the fold

of mucous membrane extending between the arytenoid cartilage and side of the

epiglottis {aryteno-epiglottidean folds)

.

The Arytceno-epiglottideus infsrior (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 inner and upper part of

the sacculus laryngis, and is inserted, by a broad attachment, into the margin 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 groups, viz. : i. Those which open and close the

glottis. 2. Those which regulate the degree of tension of the vocal cords.

I. The muscles which open the glottis are the Crico-arytEenoidei postici ; and
those which close it are the Arytsenoideus and the Crico-ai-yt^noidei laterales.

2. The muscles which regulate the tension of the vocal cords are, the Crico-thy-

roidei, which tense and elongate them ; and the Thyro-arytsenoidei, which relax

and shorten them. The Thyro-epiglottideus is a depressor of the epiglottis, and

the Arytfeno-epiglottidei constrict the superior aperture of the larynx, compress

the sacculi laryngis, and empty them of their contents.

The Crico-aryt(enoidL'i postici separate the chordfe vocales, and, consequently, open the

glottis, by rotating the base of the arytenoid cartilages outwards and backwards ; so that their

anterior angles and the ligaments attached to them become widely separated, the vocal

cords, at the same time, being made tense.

The Crico-arytcenoidei laterales close the g-lottis, by rotating the base of the arytenoid

cartilages inwards, so as to approximate their anterior angles.

The Arytmnoideus muscle approximates the arytenoid cartilages, and thus closes the opening
of tlie glottis, especially at its back part.

The Crico-thyroid muscles produce tension and elongation of the vocal cords, by drawing
down the thyroid cartilage over the cricoid.

The Thyro-arytcmioidei muscles draw the arytenoid cartilages, together with the part ofthe
(Cricoid to which they are connected, forwards towards the thyroid, and tbus shorten and relax

tne vocal cords.

The Thyro-epiglottidei depress the epiglottis, and assist in compressing the sacculi laryngis.

The Arytseno-epiglottideus superior constricts the superior aperture of the larynx, when it

is drawn upwards, during deglutition, and the opening closed by the epiglottis. The Arytseno-
epiglottideua inferior, together with some fibres of the Thyro-arytsenoidei, compress the

sacculus laryngis.

The Mucous Membrane of the larynx is continuous above with that lining

the mouth and pharynx, and is prolonged through the ti'achea and bronchi into

the lungs. It lines both surfaces of the epiglottis, to which it is closely adherent,

and forms the aryteno-epiglottidean folds which encircle the superior aperture of

the larynx. It lines the whole of the cavity of the larynx ; forms, by its redupli-

cation, the chief part of the superior, or false, vocal cord ; and, from the ventricle,

is continued into the sacculus laryngis. It is then reflected over the true vocal

* Mtjscfltjs TRiTlCBO-GLOSstfs. Bochdalek jimr. {Prayer Vierteljahrschrift, 2nd 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

Kerato-glossus muscle. He met with this muscle eight times in twenty-two subjects. It

occurred in both sexes, sometimes on both sides, at others on one only.
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cords, where it is thin, and very intimately adherent ; covers the inner surface

of the crico-thyroid membrane and cricoid cartilage ; and 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 middle of the epiglottis. In the rest of its

extent, the epithelium is of the squamous variety.

Glands.—The mucous membrane of the larynx is furnished with numerous
muciparous glands, the orifices of which are found m nearly every part ; they are

very numerous upon the epiglottis, being lodged in little pits in its substance
;

they are also found in large numbers along the posterior margin of the aryteno-

epiglottidean 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 empty themselves into

378.—Front View of Cartilages of Laiynx : the Trachea and Bronchi.

the superior middle and inferior thyroid veins. The lymjiJiatics terminate in the

deep cervical glands. The nerves are the superior laryngeal, and the inferior or
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recurrent laryngeal brandies of tlie pneumogastrio nerves, joined by filaments

from the sympathetic. The superior laryngeal nerves supply the mucous mem-
brane of the larynx and the Crico-thyroid muscles. The inferior laryngeal nerves

supply the remaining muscles. The Arytenoid muscle is supplied by both nerves.

The Trachea. (Fig. 378.)

The trachea, or air-tube, is a cartilaginous and membranous cj'lindrical tube

flattened posteriorly, which extends from the lower part of the larynx, on a level

with the fifth cervical vertebra, to opposite the third dorsal, where it divides into

the two bronchi, one for each lung. The trachea measures about four inches and

a half in length ; its diameter, from side to side, is from three-quarters of an inch

to an inch, being always greater in the male than in the female.

Relations.—The anterior surface of the trachea is convex, and covered in the

nech, from above downwards, by the isthmus of the thyroid gland, the inferior

thyroid veins, the arteria thyroidea ima (when that vessel exists), the Sterno-

hyoid and Sterno-thyroid muscles, the cervical fascia (in the interval between
those muscles), and, more superficially, by the anastomosing branches between the

anterior jugular veins ; in the thorax, it is covered from before backwards by the

first piece of the "ternum, the remains of the thymus gland, the arch of the aorta,

the innominate and left carotid arteries, and the deep cardiac plexus. It lies

upon the oesophagus, which is directed' to the left near the arch of the aorta
;

laterally, in the neck, it is in relation with the common carotid arteries, the lateral

lobes of the thyroid gland, the inferior thyroid arteries, and recurrent laryngeal

nerves : and, in the thorax, it lies in the interspace between the pleurse, having the

pneumogastrio nerve on each side of it.

The Right Brunchus, -wider, shorter, and more horizontal in direction than the

left, is about an inch in length, and enters the right lung, opposite the fourth

dorsal vertebra. The vena azygos arches over it, from behind ; and the right

pulmonary artery lies below, and then in front of it.

The Left Bronchus is smaller, more oblique, and longer than the right, being

nearly two inches in length. It enters the root of the left lung, oppcsite the fifth

dorsal vertebra, about an inch lower than the right bronchus. It crosses, in front

of the oesophagus, the thoracic duct, and the descending aorta
;
passes beneath the

arch of the aorta, and has the left pulmonary artery lying at first above, and then

in front of it. If a transverse section

379.—Transverse Section of the Trachea, just is made across the trachea, a short
above its Bifurcation, with a bird's eye view distance above its point of bifurcation,
of the interior. i i.- j> • j. i p -i. •

and a bird s eye view taken 01 its m-
j2J^£ terior (fig. 379), the septum placed at

the bottom ofthe tracheaand separating

the two bronchi will be seen to occupy

/ ^S^^^etf ftmll'llS^Slffl ^^^ ^^^^ °^ ^^^ median line, as was first

I Jk» *'T«S«^^lllH^^^^ shown by Mr. Goodall, of Dublin, so

that any solid body dropping into the

trachea would naturally be directed

towards the right bronchus, and this

tendency is undoubtedly aided by the

larger size of this tube, as compared with its fellow. This fact serves to explain

why a foreign substance in the trachea generally falls into the right bronchus.

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 iraper-

fect ring, which surrounds about two-thirds of the cylinder of the trachea, being

imperfect behind, where the tube is completed by fibrous membrane. The carti-'

lages are placed horizontally above each other, separated by narrow membranous
intervals. They measure about two lines in depth, and half a line in thickness.
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Their outer surfaces are flattened, but, internally, they are convex, from being'

thicker in, the middle than at the margins. The cartilages are connected together,

at their margins, by an elastic fibrous membrane, which covers both their surfaces
;

and in the space between their extremities, behind, forms a distinct layer. The
peculiar cartilages are the first and the last.

The fird cartilage is broader than the rest, and sometimes divided at one end

;

it is connected by fibrous membrane with the lower border of the cricoid cartilage,

with which, or wiijh the succeeding cartilage, it is sometimes blended.

The last cartilage is thick and broad in the middle, in consequence of its lower

border being prolonged downwards, and, at the same time, curved backwards, at

the point of bifurcation of the trachea. It terminates on each side in an imper-

fect ring, which encloses the commencement of the bronchi. The cartUage above
the last is somewhat broader than the rest at its centre. Two or more of the

cartilages often unite, partially or completely, and are sometimes bifurcated at their

extremities. They are highly elastic, and seldom ossify, even 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 Muscular Fibres are disposed in two layers, longitudinal and transverse.

The longitudinal fibres are the most external, and arise by minute tendons from
the termination of the tracheal cartilages, and from the fibrous membrane.

The transverse fibres (traehealis muscle, Todd and Bowman"), the most internal,'

form a thin layer, which extends transversely between the ends of the cartilages at

the posterior part of the trachea. The muscular fibres are of the nnstriped variety.

The Ulastic Fibres are situated beneath the mucous membrane, enclosing the

entire cylinder of the trachea ; they are most abundant at its posterior part, where

they are collected into longitudinal bundles.

The Mucous Membrane lining the tube is covered with columnar ciliated epi-

thelium. It is continuous above with that of the larynx, and below with that of

the lungs.

The Tracheal Glands are found in great abundance at the posterior part of the

trachea. They are small, flattened, ovoid bodies, placed between the fibrous and

muscular coats, each furnished with an excretory duct, which 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

arteries. The veins terminate in the thyroid venous plexus. The nerves are

lerived from the pneumogastric and its recurrent bi-anohes, and from the sym-

pathetic.

Surgical Anatomy. —The air-passage may be opened in three different situations : through

the crico-thyroid membrane {laryngatomy) , through the cricoid cartilage, and upper ring of

the trachea (laryngo-traeheotomy), or through the trachea below the isthmus of the thyroid

gland {tracheotomy). The student should, therefore, carefully consider the relative anatomy

of the air-tube in each of these situations.

Beneath the integument of the laryugo-tracheal region, on either side of the median line,

are the two anterior jugular veins. Their size and position vary ; there is nearly always one,

and fi'equently two ; at the lower part of the neck they diverge, passmg beneath the Sterno-

mastoid muscles, and are frequently connected by a transverse communieating branch. These

veins should, if possible, always be avoided in any operation on the larynx or trachea. If cut

through, considerable hssmonhage occurs.

Beneath the cervical fascia are the Sterno-hyoid and Sterno-thyroid muscles, the conti-

guous edges of the former being near the median line ; and beneath these muscles the

following parts are met with, from above downwards : the thyroid cartilage, the crico-

thyroid membrane, the cricoid cartilage, the trachea, and the isthmus of the thyroid gland.

The crico-thyroid space is very superficial, and may be easily felt beneath the skin as a

depression, about an inch below the pomum Adami ; it is crossed transversely by a small

artery, the crico-thyroid, the division of which is seldom accompanied by any troublesome

hpemorrhage.

The isthmus of the thyroid gland usually crosses the second and third rings of the trachea ;

above it is found a large transverse communicating branch between the superior thyroid
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veins, and the isthmus is covered by a venous plexus, formed between the thyroid veins of

opposite sides. On the sides of the thyroid gland, and below it, the veins converge to a
single median vessel, or to two trunks which descend along the median line of the front of
the trachea, to open into the innominate veins by valved orifices. In the infant, the thymus
gland ascends a variable distance along the front of the trachea ; and the innominate artery

crosses the tube obliquely at the root of the neck, from left to right. The arteria thyroidea
iina, when that vessel exists, passes from below upwards along the front of the trachea. The
upper part of the trachea lies comparatively superficial ; but the lower part passes obliquely

downwards and backwards, so as to be deeply placed between the converging Sterno-mastoid
muscles. 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 conditions.

3S0.—Surgical Anatomy of Laryngo-Tracheal Region.
In the Infant.

Froirf these observations, it must be evident that laryngotomy is anatomically the most
simple operation, can most readily be performed, and should always be preferred, when
particular circumstances do not render the operation of tracheotomy absolutely necessary.

The operation is performed thus : The head being thrown back and 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 middle line over this spot, and the

crico-thjToid membrane is divided to a sufficient extent to allow of the introduction of a
large curved tube. The crico-thyroid artery is the only vessel of importance crossing this

space. If it shou'd be of large size, its division might produce troublesome hfemorrhage.

Laryngo-tracheotomy, anatomically considered, is more dangerous than tracheotomy, on
accomit of the smaU interspace between the cricoid cartilage and the isthmus of the thyroid

gland: the communicating branches between the superior thyroid veins, which cover this

spot, can hardly fail to be divided ; and the greatest care will not, in some cases, prevent
the division of part of the thyroid isthmus. If either of these structures is divided, the

hiiemorrbage may be considerable.

Tracheotomy below the isthmus of the thyi-oid gland is performed thus : The head being

thrown back and steadied bj' an assistant, an incision, an inch and a half or two inches in

length, is made through the skin, in the median line of the neck, from a little below the

cricoid cartilage, to the top of the sternum. The anterior jugular veins should be avoided,

by keeping exactly in the median line ; the deep fascia should then be divided, and the

contiguous borders of the Sterno-hyoid muscles separated from each other. A quantity of

loose areolar tissue, containing the inferior thyroid veins, must then be separated from the
front of the trachea, with the handle of the scalpel ; and when the trachea is well exposed,

it should be opened by inserting the knife into it, dividing two or three of its rings from
below upwards. It is a matter of the greatest importance to restrain, if possible, all hsemor-

ihage before the tube is opened ; otherwise, blood may pass into the trachea, and sufibcate

the patient.
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The Pleuej;.

Each Itiiig is invested, upon its external surface, by an exceedingly delioatt

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 is called the pleura pulmonalis

(visceral layer of pleura), vfhile that which lines the inner surface of the chest

is called the pileura costalis (parietal layer of pleura). The interspace or cavity

between these two layers is called the cavity of the pleura. Each pleura is there-

fore 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. The two pleurffi

381,—A Transverse Section of the Thorax, showing the relative Position of the Viscera,

aud the Reflections of the Pleurae.

Mtd,n.-:fhu,jn. \ ^ ^
I^n£ii.7noCfaKtric Nerve

do not meet in the middle line of the chest, excepting at one point in front ; an

interspace being left between them, which contains all the viscera of the thorax,

excepting the lungs : this is the mediastmum.

Beflectkms of the pleura (fig. 381). 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 thorjix passes over the thoracic ganglia and their

bi'anches, and is reflected upon the sides of the bodies of the vertebras, where it is

separated by a narrow interspace from the opposite pleura, the posterior medias-

tinum. From the vertebral column the pleura passes to the side of the peri-

cardium, 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 verti-

cally by the side of the posterior mediastinum to the Diaphragm. This fold is the

broad ligament of the lung, the ligamentum latum puhnonis, and serves to retain

the lower part of that organ in position. From the root, the plenra may be traced
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over the convex surface of tbe lung, the summit and base, and also over the sides

of the fissures between the lobes. It covers its anterior surface, and the front part
of its root, and is reflected upon the side of the pericardium to the inner surface
of the sternum. Below, it covers the under surface of the Diaphragm. Above, its

apex projects, in the form of a cuUde-sac, through the superior opening of the
thorax into the neck, extending about an inch above the margin of the first rib,

and receives the summit of the corresponding lung ; this sac is strengthened, ac-

cording to Dr. Sibson, by a dome-like expansion of fascia, derived from the lower
jaart of the Scaleni miiscles.

A little above the middle of the sternum, the contiguous surfaces of the two
pleurse are sometimes in contact for a slight extent ; but above and below this

point, the interval left between them forms the anterior mediastinum.

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 the

left.

Vessels and Nerves. The arteries of the pleura are derived from the intei'costal,

the internal mammary, the phrenic, inferior thyroid, thymic, pericardiac, and
bronchial. The veins correspond to the arteries. The lymphatics are very
numerous. The nerves are derived from the phrenic and sympathetic (Luschka).

Kolliker states that nerves accompany the ramifications of the bronchial arteries

in the pleura pulmonalis.

Mediastinum.

The mediastinum is the space left in the median line of the chest by the non-

approximation of the two pleurEe. It extends from the sternxim in front to the

spine behind, and contains all the viscera in the thorax, excepting the lungs.

The mediastinum is subdivided, for convenience of description, into the anterior,

middle, and posterior.

The anterior mediastinum is bounded in front by the sternum, on each side by
the pleura, and behind by the pericardium. Owing to the oblique position of the

heart towards the left side, this space is not parallel with the sternum, but directed

obliquely from above downwards, and to the left of the median line ; it is broad

below, narrow above, very narrow opposite the second piece of the sternum, the

contiguous surfaces of the two pleuriB being occasionally united over a small

space. The anterior mediastinum contains the origins of the Sterno-hyoid and

Sterno-thyroid muscles, the Triangularis sterni, the internal mammary vessels of

the left side, the remains of the thymus gland, and a quantity of loose areolar

tissue, in which some lymphatic vessels are found ascending from the convex

surface of the liver.

The middle mediastinum is the broadest part of the interpleural space. It con-

tains the heart enclosed in the pericardium, the ascending aorta, the superior vena

cava, the bifurcation of the trachea, the pulmonaiy arteries and veins, and the

phrenic nerves.

The posterior mediastinum is an irregular triangular space, running parallel with

the vertebral column ; it is bounded in front by the pericardium and roots of the

lungs, behind by the vertebral column, and on either side by the pleura. It con-

tains the descending aorta, the greater and lesser azygos veins and left superior

intercostal vein, the pneumogastric and splanchnic nerves, the oesophagus, thoracic

duct, and some lymphatic glands.

XT
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The Lungs.

The Lungs are tlie essential organs of respiration ; they are two in number,

placed one in each of the lateral cavities of the chest, separated from each other

sS2.—The Posterior Mediastinum. Anterior View.

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. 384).
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The apes; forms a tapering cone, wliich extends into the root of the neck, about
an inch to an inch and a half above the level of the first rib.

The lase is broad, concave, and rests upon the convex surface of the Diaphra.^m
;

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.

383.—The Posterior Mediastinum and Root of the Neck. Posterior View.

'ECU R SYMu

The external or ilwrciclc surface is smooth, convex, of considerable extent,

and corresponds to the foi'm of the cavity of the chest, being deeper behind than

in front.

The inner surface is concave. It presents, in front, a depression corresponding

to the convex surface of the pericardium, and behind, a deep fissure (the hilam

pulmonis) which gives attachment to the root of the lung..

T T 2
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The posterior harder is rounded and broad, and is received in the deep concavity

on either side of the spinal cokimn. It is much longer than the anterior border,

and projects below between the ribs and the Diaphragm.

The anterior lionler is thin and sharp, and overlaps the front of the peri-

cardium.

The anterior border of the right lung corresponds to the median line of the

sternum, and is in contact with its fellow, the pleuraa being interposed, as low as

the fourth costal cartilage ; below this, the contiguous borders are separated by an

irregularly shaped interval, formed at the expense of the anterior border of the

left lung, and in which the pericardium is exposed.

Each lung is divided into two lobes, an upper and lower, by a long and deep

fissure, which extends from the upper part of the posterior border of the organ,

384.—Front View of the Heart and Lungs.

about three inches from its apex, downwards and forwards to the lower part of

its anterior border. This fissure ]3enetrates nearly to the root. In the right lung

the upper lobe is partially divided 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 trianj^ular portion, the middle lobe.

The riglit lung is the larger ; it is broader than the left, owing to the inclina-

tion of the heart to the left side ; it is also shorter by an inch, in consequence of

the Diaphragm rising higher on the right side to accommodate the liver. The
right lung has three lobes.

The left lung is smaller, narrower, and longer than the right, and has only

two lobes.

A little above the middle of the inner surface of each lung, and nearer its pos-

terior than its anterior border, is its root, by which the lung is connected to the
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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 areolar tissue, all of which
are enclosed by a reflection of the pleura. The root of the right lung lies behind
the superior vena cava and upper part of the right auricle, and below the vena
azygos. That of the left lung passes beneath the arch of the aorta, and in front

of the descending aorta ; the phrenic nerve and the antei-ior pulmonary jjlexus

lie in front of each, and the pneumogastric and jjosterior pulmonary plexus

behind each.

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. From above downwards, on the two sides, their

arrangement diifers, thus

:

On the right side, their position is, bronchus, pulmonary artery, pulmonary
veins ; but on the left side their position is, pulmonary artery, bronchus, pulmonary
veins ; which is accounted for by the bronchus being placed on a lower level on
the left than on the right side.

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 flaid they may contain. The lungs are heavier

in the male than in the female, their proportion to the body being, in the former,

as I to 37, in the latter as i to 43. The specific gravity of the lung-tissue varies

from 345 to 746, water being 1,000.

The colour of the lungs at birth is a pinkish white
; in adult life, a dark slate

colour, mottled in patches ; and as age advances, this mottling assumes a black

colour. The colouring matter consists of granules of a carbonaceous substance

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 numerous polyhedral spaces,

indicating the lobules of the organ : the area of each of these spaces is 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 ; it is also

highly elastic ; hence the collaj)sed state of these organs when they are removed

from the closed cavity of the thorax.

Structure. The lungs are composed of an external serous coat, a subserous

areolar tissue, and the pulmonary substance or parenchyma.

The serous coat is derived from the pleura ; it is thin, transparent, and invests

the entire organ as far as the root.

The subserous areolar tissue contains a large proportion of elastic fibres ; it

invests the entire surface of the lung, and extends inwards between the lobules.

The parenchyma is composed of lobules, which, although closely connected

together by an interlobular areolar tissue, are quite distinct from one another, and

are easily separable in the foetus. The lobules vary in size ; those on the surface

are large, of a pyramidal form, the base turned towards the surface ; those in the

interior smaller, and of various forms. Each lobule is composed of one of the

ramifications of the bronchial tube and its terminal air-cells, and of the ramifica-

tions of the pulmonary and bropchial vessels, lymphatics, and nerves : all of these

structures being connected together by areolar fibrous tissue.

The bronchus, upon entering the substance of the lung, divides and subdivides

dichotomously throughout the entire organ. Sometimes three branches arise

together, and occasionally small lateral branches are given ofl^from the sides of a

main trunk. Each of the smaller subdivisions of the bronchi enters a pulmonary

lobule (lobular bronchial tube), and, again subdividing, ultimately terminates in

the intercellular passages and air-cells of which the lobule is composed. Within the
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lungs the broncliial tubes are circular, not flattened, and their constituent elements

present the following peculiarities of structure.

The cartilages are not imperfect rings, but consist of thin lamins, of varied

form and size, scattered irregularly along the sides of the tube, being most distinct

at the points of division of the bronchi. They may be traced into tubes, the dia-

meter of which is only one-fourth of a line. Beyond this point, the tubes are wholly

385.—The Roots of the Luugs and Posterior Pulmonary
Plexus^ seen from Behind.

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 maybe traced upon the smallest

bronchial tubes : they consist of the unstriped variety of muscular fibre. The
mucous membrane lines the bronchi and its ramifications throughout, and is covered

with columnar ciliated epithelium.
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According to tlie observations of Mr. Eainey,* the lobular broncbial tubes, on
entering the substance of the lobules, divide and subdivide fi'om four to nine times,

according to the size of the lobule, continuing to diminish in size until they attain

a diameter of Jg- to 7f\,th of an inch. They then become changed in sti-ucture,

losing their cylindrical form, and are continued onwards as irregular passages

(intercellular passages, Rainey—air-sacs, Waters), through the substance of the

lobule, their sides and extremities being closely covered by numerous saccular

dilatations, the air-cells. This arrangement resembles most closely the naked-eye

appearances observed in the reticulated structure of the lung of the tortoise, and
other reptilia. Opinions have differed as to the existence of communications or

anastomoses between the intercellular passages, or air-sacs. According to Dr.

Waters,t these air-sacs, as he terms them, are arranged in groups, or ' lobulettes,'

of five or six, which spring from the terminal dilatation of a single bronchial

tube, but have no other communication with each other, or with neighbouring

lobulettes, than that which is afforded by their common connection with the

bronchial tubes.

The air-cells, or alveoli (Waters), are small, polyhedral, alveolar recesses,

separated from each other by thin septa, and communicating freely with the inter-

cellular passages or air-sacs. They are well seen on the surface of the lung, and
vary from -jj-iyth to 75th of an inch in diameter ; being largest on the surface, at

the thin borders, and at the apex ; and smallest in the interior.

At the termination of the bronchial tubes, in the intercellular passages, their

constituent elements become chang-ed : their walls are formed by an interlacing of

the longitudinal elastic bundles with fibrous tissue ; the muscular fibres disappear,

and the mucous membrane becomes thin and delicate, and lined with a layer of

squamous epithelium. The latter membrane lines the air-cells, and forms by its

reduplications the septa intervening between them.

The Pulmonary 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. From this

netwoi'k, the radicles of the pulmonary veins arise ; coalescing into large branches,

they accompany the arteries, and return the blood, purified by its passage tbi'ough

the capillaries, to the left auricle of the heart. In the lung, the branches of

the pulmonary artery are usually above and in front of a bronchial tube, the

vein below.

The Pulmonary Capillaries form plexuses which lie immediately beneath the

mucous membrane, on the walls and septa of the air-cells, and upon the walls of

the intercellular passages. In the septa between the cells, the capillary network

forms a single layer. The capillaries form a very minute network, the meshes of

which are smaller than the vessels themselves
; ^ their walls are also exceedingly

thin. The vessels of neighbouring lobules are distinct from each other, and do

not anastomose ; and, according to Dr. Waters, those of the separate groups of

intercellular passages, or air-sacs (which groups he denominates lobulettes), are

also independent ; so that in the septa between two adjoining lobulettes, there

would be a double layer of capillaries, one layer belonging to each of the adjacent

air-sacs, or intercellular passages. If this is really the ari'angement of the vessels,

it would follow that, in the septa between the air-cells (or alveoli), the blood in

the capillaries would be exposed on all sides to the action of the air, since it is

circulating in a single layer of vessels, which is in contact with the membrane of

the air-passages on both sides ;
but that, in the septa between the intercellular

passages (or air-sacs) the blood in the double layer of capillaries will be in contact

with the air on one side only.

The Bronchial Arteries supply blood for the nutrition of the lung : they are;

* Medico- Chirurgicnl Transactions, vol. xxviii. 1845.

t ' The Anatomy of the Human LungJ i860, pp. 136-150.
^

i The meshes are only 0-002'" to o'OoS'" in width, while the vessels are 0-003'" to

0-005'". KoUiker, Human Microscojnc Anatomy.
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derived from the thoracic aorta, and, accompanying the bronchial tubes, are dis-

tributed to the bronchial glands, and upon the walls of the lai'ger bronchial tubes

and pulmonary vessels, and terminate in the deep bronchial veins. Others are

distributed in the interlobular areolar tissue, and terminate partly in the deep,

partly in the superficial, bronchial veins. Lastly, some ramify upon the walls of

the smallest bronchial tubes, and terminate in the pulmonary veins.

The Sujjerficial and Deep Broncldal Veins unite at the root of the lung, and

terminate on the right side in the vena azygos ; on the left side, in the superior

intercostal vein.

According to Dr. Waters, the bronchial veins do not exist within the proper

substance of the lung, but commence at or near the root of the lung, by branches

which lie on the large bronchial tubes. He also denies that the bronchial arteries

contribute to the formation of the pulmonary plexus, believing" that the communi-
cation between the bronchial and pulmonary system of vessels takes place in the

pulmonary veins. If this view be correct, almost the whole of the blood carried

by the bronchial arteries must be returned to the heart by the pulmonary veins,

and thus the great mass of pure, or arterial, blood which is carried by the pulmo-

nary veins would be adulterated by a small quantity of carbonised or venous blood

which has passed through the bronchial circulation.

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 bronchia] tubes, upon which they

are lost. Small ganglia are found upon these nerves.

Thykoid Gland.

The thyroid gland bears much resemblance in structure to other glandiilar

organs, and is usually classified together with the thymus, supra-renal capsules,

and spleen, under the head of ductless glands, since it has no excretory duct. Its

function is unknown, but, from its situation in connection with the trachea and

larynx, the thyroid body is usually described with those organs, although it takes

EO 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 cennected together by a narrow transverse portion, the isthmus.

Its anterior surface is convex, and covered by the Sterno-hyoid, Sterno-thyroid,

and Omo-hyoid muscles.

Its lateral surfaces, also convex, lie in contact with the sheath of the common
carotid artery.

Its posterior sv,rface is concave, and embraces the trachea and larynx. The
posterior borders of the gland extend as far back as the lower part of the

pharynx.

The thyroid is of a brownish-red colour. Its weight varies from one to two
ounces. It is larger in females than in males, and becomes slightly increased in

size during menstruation. It occasionally becomes enormously hypertrophied,

constituting the disease called bronchocele, or goitre. Each lobe is somewhat
conical in shape, about two inches in Jeugth, and three-quarters of an inch in

breadth, the right lobe being 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

second and third rings of the trachea. Its situation presents, however, many
variations, a point of importance in the operation of tracheotomy. Sometimes the

isthmus is altogether wanting.

A third lobe, of conical shape, called the pyramid, occasionally arises from the
left side of the upper part of the isthmus, or from the left lobe, and ascends as
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high as the hyoid bone. It is occasionally quite detached, or divided into two

parts, or altogether wanting.

A few muscular bands are occasionally found attached, above, to the body of

the hj'oid bone, and below, to the isthmus of the gland, or its pyramidal process.

These form a muscle, which was named by Sommerring the Levator glandulai

tlujroidece.

Structure. The thyroid consists of numerous minute closed vesicles, composed

of a homogeneous membrane, inclosed in a dense capillary plexus, and connected

together into imperfect lobules, by areolar tissue. These vesicles are spherical

or oblong, perfectly distinct, and contain a yellowish fluid, in which are found

floating numerous ' dotted corpuscles ' and cells. The fluid coagulates by heat or

alcohol, but preserves its transparency. In the foetus, and in young subjects, the

corpuscles lie in a single layer, in contact with the inner surface of these cavities,

and become detached during the process of grovpth. The individual vesicles are

enclosed in a vascular connective tissue by means of which they are packed to-

gether into lobules, the aggregation of which forms the lobes of the gland. In the

fcBtal state, these vesicles are lined by a layer of small cylindrical epithelial cells,

the cavity being filled with a finely granular substance. Early in life commences,

according to Frey, a colloid transformation by which the cells of the epithelium

are separated from the lining of the vesicle, their nuclei become free and their

contents are converted into a colloid, or gluey, matter. It is the excessive increase

cf this colloid matter which, according to this author, constitutes the essential

phenomenon in the disease above alluded to, as bronohocele or goitre, but its oc-

386.—Two lobules from the th-SToid of an infant.

ff, Small glandular vesicles with their cells ; b, the same vnfh. incipient colloid metamorphosis, moi-e strongiy mai-ked
at c ; d, coarse lymph-canals; e, fine radicles of the same ; /, an efferent vessel of considerable size.

currence to some extent he regards as normal. The epithelial cells of the vesicles

are supported on a basement membrane, and in the cellular tissue external to this

are found the terminations of the small vessels, and the commencement of the

lymphatic channels.

Vessels and Nerves. The arteries supplying the thyroid are the superior and
inferior thyroid, and sometimes an additional branch (thyroidea media, or iraa)

from the arteria innominata, or the arch of the aorta, which ascends upon
the front of the trachea. 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 vena innominata. The lymphatics are numerous, of large size, and
terminate in the thoracic and right lymphatic ducts. They are thus described by

Frey :
' The whole envelope of the organ is covered by knotted trunks, which take
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theii- origin from a networlc of very complicated canals, situated in a deeper layer

of the former. This latter network is formed around the secondary lobules of the

gland by the reticular intercommunications of these canals (fig. 386,/). From the

peripheral network formed of canals burrowing through the connective tissue of

the capsule, lateral ramifications are given ofi' which penetrate into the interior,

and gradually enclose the primary lobes in complete rings, or more or less perfect

arches (fZ, d). From these a few fine terminal passages with blind ends (e) are

seen sinking in between the different vesicles.' The nerves are derived from
the pnenmogastric,* and from the middle and inferior cervical ganglia of the

sympathetic.

Ghemical Gomposition. The thyroid gland consists of albumen, traces of

gelatine, stearine. oleine, extractive matter, alkaline, and earthy salts, and w^ater.

The salts are chloride of sodium, alkaline sulphates, jjhosphate of potash, lime,

magnesia, and a trace of oxide of iron.

Thymus Gland.

The thymus gland presents much resemblance in structure to other glandular

organs, and is another of the organs denominated 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 anterior mediastinum, partly in the neck, and extending

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 Sterno-

hyoid and Sterno-thyroid muscles. In the mediastinum, it rests upon the pericar-

dium, being separated from the arch of the aorta and great vessels by the thoracic

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 difier 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 of

a similar, but denser structure. The primary lobules vary in size from a pin's

head to a small pea. Each lobule contains, in its interior, a small cavity, which

is surrounded with smaller or secondary lobules, also hollow. The cavities of the

secondary and primary lobules communicate ; those of the latter opening into the

great central cavity, or reservoir of the thymus, which extends through the entire

length of each lateral half of the gland. The central cavity is lined by a vascular

membrane, which is prolonged into all the subordinate cavities, and contains a

milk-white fluid resembling chyle.

If the investing capsule and vessels, as well as the areolar tissue connecting

the lobules, are removed from the surface of either lateral lobe, it will be seen that

the central cavity is folded upon itself, and admits of being drawn out into a

lengthened tubular cord, around which the primary lobules are attached in a spiral

manner, like knots upon a rope. Such is the condition of the organ at an early

period of its development ; for Mr. Simon has shown, that the primitive form of

the thymus is a linear tube, from which, as its development proceeds, lateral

diverticula lead outwards, the tube ultimately becoming obscure, from its surface

being covered with numerous lobules.

According to Oesterlen and Mr. Simon, the cavities in the secondary lobules

* Frey denies that the vagus supplies any of these nerves, deriving them entirely from

the sympathetic.
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are sarrounded by rounded saccular dilatations or vesicles, which open into it.

These vesicles are formed by a homogeneous membrane, enclosed in a dense

capillary plexus.

^^W ^

k®.,^*

1. Upper portion of the thymus of a foafcal pi? of 2" in length, showir

2. Cells of the thymn^, mostly from man ; a, free nuclei ; 6, snnll 03II

the ox ; e, /', cells completely fllled with fat. at / without a nucleus

;

nucleated cell ; k, a composite structure of a similar nature.

the bud-like lobuli and glandular elements.
; c. larger ; d, larger with oil-globules, from
/, /i, concentric bodies ; (/, an encapsulated

The primary lobules are made up of numerous small polyhedral granules, or

acini, which bear a considerable resemblance to the lymphoid follicles of the tonsils,

intestine, and other parts, except that they are usually described as containing a

central cavity, which is, in fact, a diverticulum from the general cavity of the

gland. By many observers, however, both the cavity of the acini and the general

cavity are regarded as the effect of post-mortem changes. External to this central

cavity with its chylelike contents lie the capillary vessels of the acinus, embedded
in a large quantity of lymphoid tissue. The elements which are found in the acini

are chiefly granular free nuclei (a), lymphoid cells (6), larger cells, some of them

many-nucleated, and often undergoing fatty degeneration (rf, e,/), and peculiar

encapsulated bodies, some of them merely the foregoing cells surrounded by con-

centric layers (g), others consisting of an assemblage of the former enclosed in a

kind of nest, like the ' bird-nest cells ' found in epithelioma.

Vessels and Nerves. The arteries supplying the thymus are derived from the

internal mammary, and from the superior and inferior thyroid. The veins termi-

nate in the left vena innominata, 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. Sir A. Cooper believed that these vessels carried into

the blood the secretion formed in the substance of the thymus. The nerves are

exceedingly minute ; they are derived from the pneumogastric and sympathetic.

Branches from the descendens noni and phrenic reach the investing capsule, but

do not penetrate into the substance of the gland.

Chemical Composition. The solid animal constituents of the thymus are albu-

men and fibrine in large quantities, gelatine and other qmimal matters. The salts

are alkaline and earthy phosphates, with chloride of potassium. It contains about

80 per cent, of water.
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388.—Vertical Section of Kidney.

The Kidnets.*

Definition and General Desckiption. The kidneys are the two largest tubular

glands of the body, and are intended for the secretion of urine. They are found

at the back part of the abdomen, behind the peritoneum, situated in the lumbar
regions ; each kidney extending from the eleventh rib nearly to the crest of the

ilium, but the right a little lower than the left, in consequence of the large space

occupied by the liver. They are usually embedded in a considerable quantity of

fat, which principally holds them in position, though they are also to some extent

sustained by the large blood-vessels with which they are connected.

Each kidney is about four inches in length, two in breadth, and one in thick-

ness, the left being somewhat larger, though thinner, than the i-ight. The weight

of the kidney in the adnlt male varies from 4^ oz. to 6 oz., in the adult female

from 4 oz. to 5^ oz., the left being nearly always heavier than the right by about

two drachms. The combined weight of the two kidneys in proportion to the

body is about i to 240. The renal substance is of a dark red colour, and dense in.

texture ; but it is easily lacerable under

mechanical force.

Belations. Each kidney presents for ex-

amination two surfaces, two borders, an

upper and a lower extremity.

The anterior surface is convex and en-

tirely covered by peritoneum. It is in

relation, on the right sid-e of the body, with

the back part of the right lobe of the liver,

the descending portion of the duodenum, and

the ascending colon : and on the left, with

the great end of the stomach, the lower end

of the spleen, the tail of the pancreas, and

the descending colon.

The posterior surface^ flatter than the

anterior, rests upon the corresponding cms
of the diaphragm in front of the eleventh

and twelfth ribs, bhe anterior lamella of the

aponeurosis of the transversalis abdominis

which separates it from the quadratns lum-

borum, and on the psoas magnus.

The external harder is convex, and
directed outwards and slightly forwards,

towards the parietes of the abdomen.

The internal harder, concave, is ihter-

rupted at its central portion by a notch or

fissure of about an inch in length, called the hiluiri of the kidney. This fissure

opens into a hollow cavity called the sinus, and through it pass the vessels, duct

(ureter), nerves, and lymphatics of the kidney enveloped in fat and cellular tissue.

Let the vessels, nerves, duct, and fat be removed so as to leave only the kidney

* This description is from the pen of my fi-iend Mr. E. J. Spitta, late Demonstrator of
Anatoiny at St. George's Hospital.
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proper ; the lailuin "will be seen opening into tlie sinus jnst as, in osteology, a

fissure opens into a fossa. The relation of the hilum to the sinus will be under-

stood by comparing figs. 3S8, 389. In the former the hilum and sinus are seen in

section, the hilum occupied by the commencement of the ureter proper, the sinus

filled by the pelvis. In the latter figure, the pelvis has been separated from the

greater part of the sinus of the kidney, and partially lifted out of it. The relative

position of the vessels and ureter to each other is usually, although not always, as

follows :—from above downwards ; artery, vein, ureter : from before backwards
;

vein, artery, ureter.

389.—Diagi'am of the Hilum, Sinus, and Pelvis of the Kidney.

a. The hilum cut open, leading into (b) the sinus, c. Tlie pelvis of the ureter partly separated from the
walls of the sinus, aud lifted oat ; the ureter is seen continuous with it, and emerging from the hilum
below, d, e. The renal artery and vein passing through the sinus.

The suppyLor extremity, directed slightly inwards as well as upwards, is thick

and rounded, and embraced by the suprarenal capsule. It corresponds on the Ifft

side with the upper, and on the right with the lower border of the eleventh rib.

The inferior extremity, directed a little outwards as well as downwards, is

smaller than the superior and more flattened ; it extends nearly as low as the crest

of the ilium.

General stedctuee of the Kidney. The structure of the kidney, as seen by

the naked eye on making a section from its convex to its concave border, will be found

to consist of two parts ; the glandular portion, or kidney iiroper, and its excretory

duct or ureter,* which latter will be described separately.

The Icidney proper presents two distinct parts : the outer or cortical portion,

surrounded by the capsule, and the inner or inedullary, which latter is arranged

in large conical masses called the pyramids of Malpighi.

The capsule is a fibrous coat formed of dense areolar tissue. It is thin and

smooth and easily removed from the cortical structure, to which it is connected

only by small blood-vessels and by numerous fine fibrous processes continuous

with the connective tissue of the kidney. At the hilum it is reflected inwards so

* In this section the two first portions of the duct are aloue seen. These are usually

called the calices and pelvis of the kidney ; but inasmuch as they are really part of the

ureter, they wiU be described under that head.
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-Minute Structure of

Kiduey.

as to line the sides of the sinus ; and at the floor of that cavity becomes continn-

ous with the fibrous sheatlis of the vessels and nerves, and with the cup-like

commencements of the ureter above mentioned, called the calicos.

The cortical strudure is of a reddish-brown colour, soft, granular, and easily

lacerable. It is found everywhere immediately beneath the capsule, and is seen

to extend itself in an arched form over each medullary pyramid. The part sepa-

rating the sides of any two pyramids, through which the arteries and nerves enter

and the veins and lymphatics emerge from the kidney, is called a cortical column,

or column of Bertini, (a, a', fig. 388) ; whilst that portion which stretches from one
cortical column to the ne.^t, and intervenes between the base of the pyramid and
the capsule, which is marked by the dotted line,

extending from A to a' (fig. 388), is called a coj--

tical arch, the depth of which varies from a third

to half an inch. The cortical structure is composed

of convoluted and straight tubes called tvibuli nri-

niferi ; of blood-vessels, nerves, and lymphatics
;

and also of numerous little rfed masses disseminated

throughout its substance known as the Malpighian

bodies. These bodies, with the interstitial tissue

connecting them, will be described under the head

of the 'Minute Structure of the Kidney.'

The medullary structure, as before said, is seen

to consist of palish-red coloured striated conical

masses, the pyramids of Malpighi ; the number of

which, varying from eight to eighteen, corresponds

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 <he apex, known as the papilla or mandlla of the kidney, is

covered by mucous membrane and is seen projecting into one of the calices of

the ui-eter.

In addition to the arteries and veins and the ' looped tubes of Henle,' hereafter

to be described, each pyramid is composedof a large number of straight uriniferous

tubes passing from base to apex, and which, by repeated inosculations at very acute

angles, are reduced to a comparatively small number, and terminate in open

mouths on the mucous surface of the mamilla.

Minute structueb of the Kidney. Under this head the Malpighian bodies will

be first described ; then the course and structure of the tubuli uriniferi ; and lastly,

the blood-vessels, nerves, lymphatics, and connective tissueor intertubular stroma.

The Malpighian bodies are small rounded masses averaging xc^th of an inch in

diameter, of a deep red colour, found only in the cortical structure of the kidney
;

beincr scattered throughout the columns of Bertini, but regularly disposed in

double rows in the cortical arches. Each of these little bodies is composed of two

parts : a central glomerulus of vessels called a Malpighian tuft, and a membranous

envelope, the Malpighian capsule, which latter is a small pouch-like commence-

ment of a uriniferous tubule.*

The Malpighian tuft, or vascular glomerulus, consists of the ramifications of

certain small vessels termed afferent and efferent renals, the latter being usually

smaller than the former. Each renal afferent in the cortical arches is derived from

an interlobular artery (fig. 391), but in the cortical columns it springs from one of

the arterial proprias renales (fig. 398). Having pierced the capsule, usually at a point

opposite to the commencing tubule (figs. 390, 391), it divides in a radiating or tuft-

like manner into several terminal branches, which ultimately inosculate so as to form

* In former editions of this work, the Malphigiaa capside was said to be found at the

side as well as the commenceme^it of a tubule (Gerlach) ; only the latter position, however,

is now recognised in the human subject.
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391.—Diaoframmatic Representation of

the Blood-vessels in the Substance

of the Cortex of the Kidney.

I

a network of capillaries from which the efferent arises {gl, fig. 391). This latter

vessel makes its egress from the capsule near to the point where the afferent enters
;

and then, anastomosing with other effe-

rents from other tufts, contributes to form

a dense venous plexus around the urinary

tubes adjacent (shown at m in fig. 391).

The Malpigldan capsule, which sur-

rounds the glomerulus, is formed of

homogeneous membrane, thicker here

than at any other part of the tube. It

is pierced at a point usually opposite the

centre of the tubule, with which it is

continuous, by the afferent and efferent

renals, and is lined upon its inner sur-

face by a delicate layer of either cubical

or squamous epithelium ; but as regards

this layer, whether it is prolonged over

the tuft either in whole or in part,

there is a diversity of opinion among
many of the most eminent observers.

According to Henle, Ecker, and Bow-
man, it is not reflected upon the tuft

at all, so that the latter hangs free and

uncovered in the interior of the capsule

(fig. 392 a) ; on the other hand, Gerlaoh,

Isaachs, Moleschott, and Chrzonszczewsky assert that it can be traced upon the whole

of the tnft, and that the cells are even larger and better marked than those upon

ti. Region of the medulliiy ray.

the tortuous portion of the tubules, ai, Arteria
iuterlobularis. vi. Vena interlobularis. vrc. Vas
afferens. gl. Glomerulus, ve. Vas efferens.

vz. Venous twig of the interlobularis.— (From
Ludwig, in Strieker's ' Handbook.')

the internal surface of the capsule (fig. 392 n) ; whilst yet a third arrangement has

been described by Kolliker, who says that the tuft has no epithelial lining on the

greater part of its extent, but upon that portion which looks towards the com-
mencing tubule a special layer of cubical cells can always be seen (fig. 392 c). In

the frog, the cells lining the interior of the capsule, near its junction with the tube,

are provided with cilia ; but in the human subject their presence has not been

satisfactorily demonstrated.

The Tubuli TJriniferi : their course. The tubuli uriniferi commence as Mal-

pighian capsules, and soon after their origin have an average diameter of tf-J-yth

of an inch. Thus arising, they pass in so convoluted a manner throughout the

cortical substance as to merit the name of tuhuli contorti. Many of them, according

to Henle, soon after their commencement, suddenly become smaller and straighter,

and, dipping down to a variable depth in the medullary structure, and returning

from thence somewhat larger, re-enter the cortical. The portion of the tube between
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the loop and the straight tube is sometimes called the intercalated convoluted tube
(b', fig. 380). The tubes ticking the course above described form a kind of loop,

A. Malphigian body. B. Convoluted uriniferoiis tube. B'. Portion interrening between the straight tutie
and the loop of Henle (intercalated convoluted tube of Schaltstiick). C C. Looped tube of Henle.
D. Straight tube.

and are known as the looped or recurrent tubes of

Menle, the descending and ascending limbs of

which have the diameter of nTjiuuth and ju'^j^th

of an inch respectively. The ascending limbs,

having arrived at the cortical structure, become
again convoluted, and, together with those of the

tubuli contorti which have not entered into the

loops, end in the straight tubes, or tubuli recti,

next to be described.

Each straight, otherwise called a collecting or

receiving tube, commences at about one line from

the surface of the kidney by the coalescence of

two or more of the convoluted tubes above men-
tioned. Passing towards the medullary substance,

it continues to receive on either side more con-

voluted tubes, until at length it enters a pyramid

of Malpighi, where it joins at very acute angles

with receiving tubes similarly formed, and finally

terminates by an opening at the mamillary apex,

emptying its contents into the calyx adjacent.

According to Husohke there are about a thousand

straight tubes opening upon the apex of each

pyramid, but their number is estimated by Kolliker

at about five hundred.

It will be seen from the above desci*iption, that

each of the straight tubes whilst in the cortical

structure is surrounded by numerous tubuli con-

torti ; and hence, that a kind of pyramid is

formed ; the a^^ex of which consists of the tubulus

rectus as it enters the Malpighian pyramid,

whilst the base, composed of the commencing
straight tube with the tubuli contorti from which

394-

A A. DiagTammatical sketch of apj'ramid
of Fen-ein. B B. Margin of medullary
sti-uctiu'e. C C C. Loops of Henle.
D D D. Straight tnbescut off. E. Com-
mencing straight tubes. F, Termina-
tion of straight tube.

it oriofinates, looks towards the
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circumference of the kidney. Pyramids so formed are called the 'pyramids cj

Ferrein.' They have also been named 'lobules of the kidney,' and the vessels

which run between them ' interlobular.' The student must not confound these

with the lobes mentioned on p. 702, of which the fa3tal kidney is composed. The
pj^ramids of Ferrein are found in the cortical arches only, and were considered by

Ferrein as quite distinct ; but although they are for the most part separated by
interlobular vessels and two rows of Malpighian bodies, yet it is now generally

admitted that certain tubes of adjacent lobules intercommunicate. In the columns

of Bertini no definite lobular arrangement is said to exist, on account of the

absence of straight tubes ; the tubuli contorti of those parts meeting the tubuli

recti at the hase of the Malpighian pyramids, and not at the sides adjacent.

395.*—Transverse Section of Pyramidal Substance of Kidney of Pig, the blood-
vessels of which are injected.

a. Large collecting tube cub acro^'^ lined with cyluidncil epithelium b Ei inch of collecting tube, cut
aci'oss, lined with epithelium with shoiter c\lmdei o and (/ Henle b loopb cut acioss e. Blood-vessefe
cut across. D. Connective tissne giouud substance

396.*—Longitudinal Section of Straight 397-*—Longitudinal Section of Henle's-

Tube. Descending Limb.

a. Cylindrical or cnbicil epithelium.-

6. Membrana propria.

a. Membrana propria.
b. Epithelium.

The Tiibuli U'dniferi ; tJieir structure. The tubuli uriniferi consist of basement

membrane lined with epithelium. In the tubuli contorti it is more or less

spheroidal ; in the straight tubes and the ascending or larger limb of Henle's loop

large and cloudy, being of the cubical variety ; whilst in the descending limb it

is smaller and' transparent, closely resembling the endothelium of blood-vessels.

From- the 'Handbook for the Phy.siological Laboratory.'

z z
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Hence although the two limbs of Henle's loops differ intich in ske, their lore is

almost similar, owing to the different thickness of their epithelial lining.

The Renal Blood-vessels ; ilieir origin, course, and distrihution. The kidney is

plentifully supplied with blood by the renal artery, a large offset of the abdominal
aorta, which enters the sinus through the hilum, dividing in its passage through
the latter into four or five branches. These, whilst in the sinus, give off a few
twigs for the nutrition of the surrounding tissues, and terminate in the arterice-

pro^jrice renales, which enter the kidney proper in the columns of Bertini. Two of

these pass to each pyramid of Malpighi and run along its sides for its entire length,

giving off as they 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, where
they break up into two distinct sets of branches devoted to the supply of the re-

maining portions of the kidney.

The first set, the interlobular arteries (figs. 397, 398, b), are given off at

right angles from the side of the arteriffi proprise renales looking towards the

398.—Diagrammatical Sketoli of

Kidney.
399.—A portion of fig. 398 enlarged.

(The references are the same.)

a A a A
A a. Proper renal artery and vein, the foi-mer giving ofC the renal afferents, the latter receiving the renal

efferents. B b. Interlobular artery and vein, the latter commencing from the stellate veins, and receiving
branches from the plexus around the tubuli coutorti, the former giving oil renal atEerents. C. Straight
tube, smTounded by tubuli coutorti, with which it communicates, forming a pyramid of FeiTein. as more
fully shown in fig. 394. D. Slargin of medullary substance. E E E. Receiving tubes, cut off. F/. Arte-
riolffl et venffi rectte, the latter arising from (GJ tlie plexus at the medullary apex.

cortical substance, and passing directly outwards between the pyramids of Ferrein,

supply the capsule, terminating in the stellate plexus of veins beneath that struc-

ture. In their outward course they support the Malpighian bodies by supplying

them with afferent vessels, which, having pierced the capsule, end in the Malpi-

ghian tufts. From each tuft the corresponding renal efferent arises, which, having

made its egress from the capsule near to the point where the afferent entered,

anastomoses with other efferents froia other tufts, and contributes to form a dense

venous plexus around the urinary tubes adjacent.

The second set from the arterise propriss renales are for the supply of the

medullary pyramids, which they enter at their bases ; and passing through their

substance straight to their apices, terminate in the venous plexuses found in that

situation. They are called the arteriolar recta?, (figs. 398, 399, f).

The Menal Veins arise from three sources : the veins beneath the capsule, the

plexuses around the tubuli contorti in the cortical arches, and the plexuses situated

at the apices of the pyramids of Malpighi. The veins beneath the capsule are
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stellate in an-augement, being found around the bases of the pyramids of Ferrein
and are derived from the terminations of the interlobular arteries. These join to
form the venm interhhulares, which pass inwards between the pyramids of Ferrein
receive branches from the plexuses around the tubuli Contorti, and, having arrived
at the bases of the Malpighian pyi-amids, join with the venas rectas, next to be de-
scribed (figs. 398, 399, &).

The Vence rectce are branches from the plexuses at the apices of the medullary
pyramids, formed by the terminations of the arteriote rectas. They pass outwards
in a straight course between the tubes of the medullary structure, and joining, as
above stated, the vense interlobulares, form the proper renal veins (figs. 397, 398,/).

These vessels. Pence Proprice Renales, accompany the arteries of the same name,
running along the entire length of the sides of the pyramids ; and, having received
in their course the efferents from the Malpighian bodies in the cortical structure
adjacent, quit the kidney proper to enter the sinus. In this cavity they inosculate
with the corresponding veins from the other pyramids to form

The Renal Vein, which, passing throngh the bilum, opens into the vena cava
inferior

; 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, dthongli small, are about
fifteen in number. They have small ganglia developed upon them, and are derived
from the solar plexus, the lower and outer part of the semilunar ganglion, and
from the lesser and smallest splanchnic nerves. They communicate with the
spermatic plexus, a circumstance which may explain the sympathy that exists

between the kidney and testicle. So far as they have been traced, they seem to

accompany the renal artery and its branches, but their exact mode of termination

is not known.

The lymijliaiics consist of a superficial and deep set which terminate in the

lumbar glands.

Connective tissue, or intertiibular stroma. Although the tubules and vessels are

closely packed, a certain small amount of connective tissue, continuous with the

capsule, binds them firmly together. This tissue was first described by Goodsir

and subsequently by Bowman. Ludwig and Zawarykin have observed distinct

fibres passing around the Malpighian bodies ; and Henle has seen them between the

straight tubes composing the medullary structure.

TffE Ureters.

The term Ureter is generally restricted to that portioa of the renal duct which

is between the pelvis of the kidney and the bladder, but in this description the

calices and pelvis of the kidney will be included in its composition. So that the

ureter, or excretory duct, of the kidney will be said to consist of three portions

;

its cuplike commencements, the calices, including the infandibula ; its dilated

portion, the pelvis ; and its tubular portion, the ureter proper.

The calices are cup-like tubes encircling the apices of the Malpighian

pyramids ; but inasmuch as one calyx may include two or even^ more papilte,

their number is generally less than the pyramids themselves, the former being

from seven to thirteen, whilst the latter vary from eight to eighteen. These

calices converge into the thifee inftmdihula,- an upper, middle, and lower,- which

by their junction form the pelvis, or dilated- portion of the ureter ; which latter,

gradually narrowing,- becomes continuous- with the ureter proper. The portion

last mentioned, v^here the pelvis merges into the ureter proper, is found ojjposite

the transverse process of the third lumbar vertebra on the left, and the fourth on

the right side ; at eithsr of which situations it is accessible behind the peritoneum

(see fig. 352, p. 640).

Z z 2
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The ureter proper Is a cylindrical membranous tube, from sixteen to eigbteen

incbes in length, and of the diameter of a goose-qnill, 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.

Relations of the iireter proper. In its course it rests upon the psoas muscle,

being covered by the peritoneum, and crossed obliquely, from within outwards,

by the spermatic vessels ; the right ureter lying close to the outer side of the

inferior vena cava. Opposite the first piece of the sacrum it crosses the common,
iliac artery, lying behind the ileum on the right side and the sigmoid flexure of

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
passing between it and the bladder. In the female the ureter passes along the

sides and cervix uteri and upper part of the vagina. At the base of the bladder,

it is situated about two inches from its fellow ; lying, in the male, about an inch

and a half behind the base of the prostate, at the posterior angle of the trigone.

Structure. The ureter is composed of three coats, a fibrous, muscular, and
mucous.

The fihroits coat is the same thi'oughout 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.

The muscular coat consists of two layers in the calices and pelvis, but of tJiree in

the ureter proper.

The external or longitudinal fibres of the calices are lost upon the sides

of the mamillES, whilst the internal or circular serve to grasp the medullary

structure in the same situation.

The three layers found in the ureter proper (two longitudinal with an intervening

circular layer) are all continuous with the muscular fibres of the bladder. The
mucows 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 mamillas of the kidney above. Its epithelium con-

sists principally of the spheroidal variety, but at that portion of the ureter near the

bladder it is said to be divided into three layers. The inner layer, that in contact

with the urine, is irregular or quadrilateral in shape ; the second or intermediate

layer more or less resembles columnar epithelium with irregular extremities
;

whilst the external or third layer is more or less spheroidal.

The arteries supplying the ureter are branches from the renal, spermatic, inter-

nal iliac, and inferior vesical.

The nerves are derived from the inferior mesenteric, spermatic, and hypogastric

plexuses.

SUPKAEENAL CAPSULES. |

The suprarenal capsules are usually 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 glandular bodies, of a yellowish colour, situated at

the back part of the abdomen, behind the pei'itoneum, and immediately in front

of the upper part of either kidney ; hence their name. The right one is somewhat

triangular in shape, bearing a resemblance to a cocked hat ; the left is more semi-

lunar, and usually larger and higher than the right. They vary in size in diff'erent

individuals, being 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 to three lines in thickness. In weight, they vary from one to two

drachms.
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Selations. The anterior surface is in relation, on tlie right side, "witli the under
surface of the liver ;

and on the left, with the pancreas and spleen. The posterior

surface rests upon the cms of the Diaphragm, opposite the tenth dorsal vertebra.

The upper thin convex border is directed upwards and inwards. The lower thick

concave border rests upon the upper end of the kidney, to which it is connected
by areolar tissue. The inner harder is in relation with the great splanchnic

nerves and semilunar ganglion, and lies in contact on the right side with the

inferior vena cava, and on the left side with the aorta. The surface of the supra-

renal 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.

Structure. On making a perpendicular section, the gland is seen to consist of

two substances : external or cortical, and internal or medullary.

The intimate structure of the suprarenal gland may be described as consisting

of three elements : the capsule and its processes, the cells, and the blood-vessels. On
section the gland is seen to consist of two parts, a cortical external, and a medullary

internal. The former, which constitutes the chief part of the organ, is of a deep

yellow colour, and consists chiefly of narrow columnar masses placed perpendicu..

larly to the surface. 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 the medullary substance.

Cortical portion of human suprarennl body under a
higli magnifying powei-. «, Gland cylinders

;

b, interstitial connective tissue.

Transverse section through the cortical auhstance of

the human suprarenal body, a, Framework of con-
nective tissue ; h, capillaries ; c, nuclei ; d, gland-
cells.

The cortical portion owes its arrangement to the disposition of the capsule,

which sends into the interior of the gland processes passing in vertically and com-

municating with each other by transverse bands, so as to form cells which

open into each other. These cells are of slight depth near the surface of the organ,

so that there the section somewhat resembles a net, but tbey become much deeper or

longer further in, so as to resemble pipes or tubes placed endwise. Still deeper

down, near the medullary part, the cells become again of small extent. The interior

of these cells contains the ramifications of the capillaries, but the greater part of
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them is filled with a mass of nucleated cells containing large nuclei and many fat

granules, with numerous pigment granules in the parts where colour is most

conspicuous.

In the medullary portion, the fibrous stroma seems to be collected together

into a much closer an-angement, and forms bundles of stout connectiFe tissue which

are loosely applied to the large plexus of veins of which this part of the organ

mainly consists. In the interstices lie a number of cells compared by Frey to those

of columnar epithelium. But the tissue of the medullary substance is less easy

to make out than that of the cortical, owing to its rapid decomposition.

Thus we see that the numerous arteries which enter the suprarenal bodies

from the sources mentioned below j)enetrate 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 medulla also contains a very large quantity of nerve-fibres.

The arteries supplj'ing the suprarenal capsules are numerous and of large size
;

they are derived from the aorta, the phrenic, and the renal; they subdivide 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 to

Bergmann, from the phrenic and pneumogastrio nerves. They have numerous
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 is that part of the general abdominal cavity which is

below the level of the linea ilio-pectinea and the promontory of the sacrum.

Boundaries. It is bounded, behind, by the sacrum, the coccyx, and the great

sacro-sciatic ligaments ; in front and at the sides by the pubes and ischia, covered

by the Obturator muscles ; above, it communicates with the cavity of the abdomen
;

and below, it is limited by 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.

Contents. The viscera contained in this cavity are the urinary bladder, the

rectum, and some of the generative organs peculiar to each sex : they are partially

covered by the peritoneum, and supjslied with blood and lymphatic vessels and

The Bladdee.

The bladder is the reservoir for the urine. It is a musculo-membranous sac,

situated in the pelvis, behind the pubes, and in front of the rectum in the male,

the uterus and vagina intervening between it and that intestine in the female.

The shape, position, and relations of the bladder are greatly influenced by age,

sex, and the degree of distension of the organ. During infancy, it is conical in

shape, and projects above the upper border of the pubes into the hypogastric

region. In the adult, when quite empty and contracted, it is a small triangular

sac, placed deeply in the pelvis, flattened from before backwards, its apex reaching
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as liigli as tlie uppei' border of the symjjliysis pubis. When, slightly distended, it

has a rounded form, and partially fills the pelvic cavity ; and when greatly dis-

tended, it is ovoid in shape, rising into the abdominal cavity, and often extending

nearly as high as the umbilicus. It is larger in its vertical diameter than 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 pubes 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 measui'es about five inches in

402.—Vertical Section of Bladder, Penis, and Urethra.

Frepuo.

length, and three inches across, and the ordinary amount which it contains is

about a jDint.

The bladder is divided into a summit, body, base, and neck.

The summit, or apex, of the bladder is rounded and directed forwards and

upwards ; it is connected to the umbilicus by a fibro-muscular cord, the urachus,

and also by means of two rounded fibrous cords, the obliterated jjortions of the

hypogastric arteries, which are placed one on each side of the nrachus. The
summit of the bladder behind the urachus is covered by jDcritoneum, whilst the

portion in front of the urachus has no peritoneal covering, but rests upon the

abdominal wall.

The urachus is the obliterated remains of a tubular canal which exists in the

embryo, and connects the cavity of the bladder with a membranous sac placed

external to the abdomen, opposite the umbilicus, called the allaniois. In the

infant, at birth, it is occasionally found pervious, so that the urine escapes at the

umbilicus, and calculi have been found in its canal.

The hody of the bladder in front is not covered by peritoneum, and is in
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relation witli tlie triangular ligament of tlie urethra, the posterior surface of the

symphysis pubis, the Internal obturator muscles, and, when distended, with the

abdominal parietes.

The posterior surface is covered by peritoneum throughout. It corresponds, in

the male, with the rectum ; in the female, with the uterus, some convolutions of

the small intestine being interposed.

The side of the bladder is crossed obliquely from below, upwards and forwards,

by the obliterated hypogastric artery : above and behind this cord, the bladder is

covered by peritoneum ; but below and in front of it the serous covering is

wanting, and it is connected to the pelvic fascia. The vas deferens passes, in an

arched direction, from before backwards, along the side of the bladder, towards

its base, crossing in its course the obliterated hypogastric artery, and passing

along the inner side of the ureter.

The hase (fundus) of the bladder is directed downwards and backwards. It

varies in extent according to the state of distension of the organ, being very

broad when full, but much narrower when empty. Jn the male, it rests upon
the second portion of the rectum, from which it is separated by a reflection of

the reeto-vesical fascia. It is covered posteriorly, for a slight extent, by the

peritoneum, which is reflected from it upon the rectum, forming the recto-vesical

fold. The portion of the bladder in relation with the rectum corresponds to a

triangular space, bounded behind by the recto-vesical fold ; on either side, by the

vesicula semiualis and vas deferens ; and touching the prostate gland in front.

"When the bladder is very full, the peritoneal fold is raised with it, and the

distance between its reflection and the anus is about four inches ; but this dis-

tance is much diminished when the bladder is empty and contracted. In the

female, the base of the bladder lies 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 neck (cervix) of the bladder is the constricted portion continuous with the

urethra. In the male, its direction is oblique in the erect posture, and it is sur-

rounded by the prostate gland. In the female, its direction is obliquely downwards
and forwards.

Ligaments. The blad-der is retained in its place by ligaments which are divided

into true and false. The true ligaments are five in number, two anterior, and two
lateral, formed by the recto-vesical fascia, and the urachus. The false ligaments,

also five in number, are formed by folds of the peritoneum.

The anterior ligaments (fuTjo-prostatic) extend from the back of the pubes, one

on each side of the syn^physis, to the front of the neck of the bladder, and upper

surface of the prostate gland. These ligaments contain a few muscular fibres

prolonged from the bladder.

The lateral ligaments, broader and thinner than the preceding, 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 already 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 two 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

bladder ; they form the lateral boundaries of the recto-vesical fold of the peritoneum,

and contain the obliterated hyj)Ogastric arteries, and the ureters, together with

vessels and nerves.

The two lateral ligaments are reflections of the peritoneum, from the iliac fossae

to the sides of the bladder.

The superior ligament is the prominent fold of peritoneum extending from the

summit of the bladder to the umbilicus. It covers the urachus, and the obliterated

hypogastric arteries.
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Structure. The bladder is composed of four coats :' a serous, a muscular, a

cellular, and a mucous coat.

Tbe serous coat is partial, and derived from the peritoneum. It invests the

posterior surface, from opposite the termination of the two ureters to its summit,

and is reflected from this point and from the sides, on to the abdominal and

pelvic walls.

The muscular coat consists of two layers of unstriped muscular fibre, an

external layer, composed of longitudinal fibres, and an internal layer of circular

fibres.

The longitudinal fibres are most distinct on the anterior and posterior surfaces

of the organ. They arise in front, from the anterior ligaments of the bladder,

from the neck of the bladder, and, in the male, from the adjacent portion of the

prostate gland. They spread out, and form a plexiform mesh, on the anterior

surface of the bladder, being continued over the posterior surface, and base of the

organ of the neck, where they are inserted into the prostate in the male, and into

the vagina in the female.

Other longitudinal fibres arise in the male from the sides of the prostate, and
spread out upon the sides of the bladder, intersecting with one another.

The circular fibres are very thinly and irregularly scattered on the body of

the organ ; but, towards its lower part, round the cervix and commencement of the

urethra, they are disposed as a thick circular layer, forming the sphincter vesicse,

which is continuous with the muscular fibres of the jDrostate gland.

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 that organ. They are the imiscles of the

ureters, described by Sir C. Bell, who supposed that, during the contraction of the

bladder, they served to retain the oblique direction of the ureters, and so prevent

the reflux of the urine into them.

J. B. Pettigrew gives the followiug results at which he has arrived by his exquisite

dissections of the muscular fibres of the bladder and prostate {Phil. Trans. 1867). The
muscular fibres of the bladder are aiTanged spirally, forming iigure-of-8 loops, the superficial

more longitudinal or drawn out, the deeper more circular or flattened. This arrangement
has been aptlj' compared to that of india-rubber rings through which a slick has been passed
and which are tben wound twice round the stick and drawn out into figures-of-8, some
(the exterior) in very elongated loops, so as to approach the longitudinal dhection, others

(the central) in very flattened loops, so as to be nearly circular. The external fibres, which
are nearly longitudinal, are in four sets—an anterior and posterior, and a right and left

lateral; the latter accessory and less fuU}' developed. The fibres are arranged in seven
strata, three external, three internal, and a middle, pursuing well-marked directions in each.

These layers, however, are verj' imperfect, ' the fibres rarely, if ever, occupying precisely the

same plane and running exactly parallel. They, moreover, split up, and become fused
with each other, with corresponding or homologous fibres, and with iihres which are either

superimposed or underlie them.' The fibres of the first and seventh layers are the most feebly

developed. The crossings or decussations of the loops occur at different distances in pro-

ceeding from before backwards, this crossing forming a kind of spiral fine. The loops are

directed towards and embrace the uiachus and urethra respectively. The terminal ex-

pansions of the loops in the other layers contribute to the formation of the fourth layer,

particularly towards the base and apex, which are, therefore, thicker than the other parts.

The aggregation of the loops towards the apex forms the sphincter. The longitudinal, slightly

obhque, truly oblique, and nearly circular fibres of the successive layers are all continued
into the prostatic urethra, which therefore may be regarded as a continuation of the bladder
anteriorly. The fibres of the cervix are traceable into the verumontanum, which Pettigrew
believes to act as a valve to the urethra, falling down into the tube and obstructing it when
the muscle of the bladder is not acting, and raised up, so as to stand erect in the middle line,

and thus to allow the flow of urine, when the fibres contract. The varying obliquity and
spiral ai-rangement of the seven layers establishes a close analogy between the disposition

of the muscular libres of the bladder and those of the heart, as described b}' Pettigrew, in

I'ldl. Trans. 1864 ; and he hints at similar structure in the stomach and uterus.

The cellular coat consists of a layer of areolar tissue, connecting together the

muscular and mucous coats, and intimately united to the latter.
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Tlie mucous coat is thin, smooth, and of a pale rose colour. It is continuons
through the ureters with the lining membrane of the uriniferous tubes, and
below with that of the urethra. It is connected loosely to the muscular coat, by
a layer of areolar tissue, escepting at the trigone, where its adhesion is more
close. It is provided with a few mucous follicles

; and numerous small racemose
glands, lined with columnar epithelium, exist near the neck of the oro-an. The
epithelium covering it is intermediate in form between the columnar and squamous
varieties.

Interior of the bladder. Upon the inner surface of the base of the bladder,
immediately behind the urethral orifice,

403.—The Bladder aud Urethra laid open.
Seen from above.

is a triangular, smooth surface, the

apex of which is directed forwards

;

this is the trigbnum vesicce, or trigone

vesical. It is paler in colour than

the rest of the mucous membrane, and
never jjresents any rugis, even in the

collapsed condition of the organ, owing

to its intimate adhesion to the sub-

jacent tissues. It is bounded on each

side by two slight ridges, which pass

backwards and outwards to the orifices

of the ureters, and correspond with

the muscles of these tubes ; and at

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. The trigone corre-

sponds with the interval at the base of

the bladder, bounded by the prostate

in front, and the vesioulae and vasa

deferentia on the sides. Projecting

from the lower and anterior part of the

bladder, into the orifice of the urethra,

is a slight elevation of mucous mem-
brane, called the uvula vesicce. It is

formed by a thickening of the prostate.

The arteries supplying, the bladder

are the superior, middle, and inferior

vesical, in the male, with additional

branches from the uterine, in the fe-

male. They are all derived from the

anterior trunk of the internal iliac.

The veins form a complicated plexus

round the neck, sides, and base of the

bladder, and terminate in the internal

iliac vein.

The lymphatics accompany the blood-vessels, passing through the glands

suri'ounding them.
^

The nerves are derived from the hypogastric and sacral plexuses ; the former
supplying the upper part of the organ, the latter its base and neck.

•^ftafi^*

ilALE UrETHEA.

The urethra extends from the neck of the bladder to the meatus urinarius. It

presents a double curve in the flaccid state of the penis, but in the erect state it
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forms only a single curve, the concavity of wliich is directed upwards (fig. 402).

Its length varies from eight to nine inches ; and it is divided into three portions,

the prostatic, membranous, and spongy, the structure and relations of which are

essentially different.

The Prostatic jportion 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 extremity

and narrowest in front, where it joins the membranous portion. A transverse

section of the canal in this situation is triangular, the apex directed downwards.

Upon the floor of the canal is a narrow longitudinal ridge, the verumontanum,

or caput galUnaginis, formed by an elevation of the mucous membrane and its

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

prostatic sinus, the floor of which is perforated by numerous apertures, the orifices

of the prostatic ducts, the ducts of the middle lobe opening behind the crest. 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 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 masoulinus, from its supposed
homology with the female organ.

The Memhranous portion of the urethra extends between the apex ofthe 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 back-

wards beneath it below. Its upper 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 lower convex surface is separated from the

rectum by a triangular space, which constitutes the perinteum. The membranous
portion of the urethra perforates the deep perinisal fascia ; and two layers from
this membrane are prolonged round it, the one forwards, the other backwards • it

is also surrounded by the Compressor urethrce muscle. Its coverings are mucous
membrane, elastic fibrous tissue, a thin layer of erectile tissue, muscular fibres and
a prolongation from the deep perinasal fascia.

The Spongij 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 ter-

mination of the membranous portion to the meatus urinarius. Commencino' below
the symphysis pubis, it ascends for a short distance, and then curves downwards.
It is narrow, and of uniform size in the body of the penis, measuring about a
quarter of an inch in diameter ; being dilated behind, within the bulb : and ao-ain

anteriorly within the glans penis, forming the fossa navicularis. A cross section

of this canal in the body of the penis has its long diameter transverse ; but in
the glans, that diameter is directed vertically.

The Bulbous portion is a name given, in some descriptions of the urethra to the
posterior dilated 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 LittrS. They vary in
size, and their orifices are directed forwards, so that they may easily intercept the
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poiut of a catheter in its passage along the canal. One of these lacunse, larger

than the rest, is situated on the upper surface of the fossa navicularis, about an

inch and a half from the orifice ; it is called the lacuna magna. Into the bulbous

portion are found opening the ducts of Cowper's glands.

Structure. The urethra is composed of three coats : a mucous, muscular, and
erectile.

The mucous coat forms part of the genito-urinary mucous membrane. It is

continuous with the mucous membrane of the bladder, ureters, and kidneys

;

externally, with the integument covering the glans penis ; and is prolonged into

the ducts of the glands which open into the urethra, viz., Cowper's glands, the

prostate gland, and the vasa deferentia and vesiculce seminales, through the

ejaculatory ducts. In the spongy and membranous portions the mucous membrane
is arranged in longitudinal folds when the organ is contracted. Small papillss are

found upon it, near the orifice ; and its epithelial lining is of the columnar variety,

excepting near the meatus, where it is laminated.

The museular coat consists of two layers of plain muscular fibres, an external

longitudinal layer, and an internal circular. The muscular tissue is most abundant

in the prostatic portion of the canal.

A thin layer of erectile tissue is continued fi-om the corpus spongiosum

round the membranous and prostatic jDortions of the urethra to the neck of

the bladder.
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Pkostate Gland.

THE Prostate Gland {vpoiaTrffii, to stand before) is a pale, firm, glandular

body, whicli surrounds the neck of the bladder and commencement of the

urethra. It is placed in the pelvic cavity, behind and below the symphysis pubis,

posterior to the deep perinteal fascia, and upon the rectum, through which it may
be distinctly felt, especially when enlarged. In shape and size it resembles a

horse-chestnut.

Its hase is directed backwards towards the neck of the bladder.

The apex is directed forwards to the deep perinajal fascia, which it touches.

Its under surface is smooth, and rests on the rectum, to which it is connected

by dense areolar fibrous tissue.

Its upper surface is flattened, marked by a slight longitudinal furrow, and placed

about three-quarters of an inch below the pubic symphysis.

It measures about an inch and a half in its transverse diameter at the base, an

inch in its antero-posterior diameter, and three-quarters of an inch in depth. Its

weight is about six drachms. It is held in its position by the anterior ligaments

of the bladder {pnho-prosiatic)
; by the posterior layer of the deep perinasal 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

prostata;^, which passes down on each side from the symphysis pubis and anterior

ligament of the bladder to the sides of the prostate.

The prostate consists of three lobes : two lateral and a middle lobe.

The two lateral lohes are of equal size, separated behind by a deep notch, and
marked by a slight furrow upon their upper and lower surface, which indicates

the bi-lobed condition of the organ in some animals.

The third, or middle lobe, is a small transverse band, occasionally a rounded

or triangular prominence, placed between the two lateral lobes, at the under and

posterior part of the organ. It lies immediately beneath the neck of the bladder,

behind the commencement of the urethra, and above 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. In advanced life this, or some other portion of

the prostate, often 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

2 per cent, of all prostates over sixty years of age.

The prostate gland is perforated by the urethi'a and common seminal ducts.

The urethra usually lies about one-third nearer its upper than its lower 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 a conical canal,

situated in the lower part of the prostate, and open into the prostatic portion of

the 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, very friable, but of great density. It consists of glandular substance and

muscular tissue.

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 pro-

longations from the fibrous capsule, and enclosed in a delicate capillary ple:xus.

' Med. Chir. Trans, vol. xliii. p. 152.
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The epithelium lining the canals is colnmnar, whilst that in the terminal vesicles

is of the squamous variety.

The muscular tissiie of the prostate is arranged in the form of circular bands
round the urethra ; it is continuous behind with the circular fibres of the sphincter

vesica, and in front with the circular fibres of the urethra. The muscular fibres

are of the involuntary kind. The prostatic ducts open into the floor of the prostatic

portion of the urethra.

Vessels and Nerves. The arteries supplying the prostate are derived from the
internal pudic, vesical, and hcemorrhoidal. Its veins form a plexus around the

sides and base of the gland ; they communicate in front with the dorsal vein of

the penis, and terminate in the internal iliac vein. The nerves are derived from
the hypogastric plexus.

The ProstaUo Secretion is a milky fluid, having an acid reaction, and presentino-,

on microscopic examination, molecular matter, the squamous and columnar forms
of epithelium, and granular nuclei. In old age, this gland is liable to be enlarged,

and its ducts are often filled with innumerable small concretions, of a brownish-
red colour, and of the size of a millet seed, composed of carbonate of lime and
animal matter.

Cobweb's Glands.

Ccfwper's Glands are two small rounded and somewhat lobulated bodies, of a
yellowish colour, about the size of peas,, placed beneath the fore part of the mem-
branous portion of the urethra, between the two layers of the deep perinseal

fascia. They lie close behind the bnlb; and are enclosed by the transverse fibres

of the Compressor urethrse muscle. Each gland consists of several lobules, held

together by a fibrous investment. The excretory duct of each gland, nearly an
inch in length, passes obliquely 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 is the organ of copulation^ and contains in its interior the larger

portion of the urethra. It consists of a root, body, and e?;tremity or glans penis.

The root is broad, and firmly connected to the rami of the pubes by two strong

tapering fibrous processes, the .crura, and to the front of the symphysis pubis by a

fibrous membrane, the suspensory ligament.

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) : at the back part of this orifice a fold of mucous membrane
passes backwards to the bottom of a depressed raphe, where it is continuous with

the prepuce ; this fold is termed the frcenum prceputii. The base of the glans

forms a rounded jsrojecting border, the corona glandis ; and behind the corona is

a deep constriction, the cervix. Upon both of these numerous small lenticular

sebaceous glands are found, the glandules Tysunii odorifene. They secrete a seba-

ceous matter of very peculiar odour, which probably contains caseine, and becomes

easily decomposed.

The hody 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 upward, and
called the dorsuin. It' is covered By integument remarkable for its thinness, its

dark colour, its looseness of connection with the deeper parts of the organ, and its

containing no adipose tissue. At the root of the penis the 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 prepuce.

The internal layer of the prepuce, which also becomes attached to the cervix,

appi'oaches in character to a mucous membrane ; it is reflected over the glans

penis, and at the meatus urinarius is continuous with the mucous lining of the

urethra.
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The mucous membrane covering the glans penis contains no sebaceous glands
;

but projecting from its free surface are a number of small highly sensitive

papilte.

The penis is composed of a mass of erectile tissue, enclosed in three cylindrical

fibrous compartments. Of these, two, the corpora 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 con-

nected along the median line for their anterior three-fourths, their posterior fotirth

being separated to form the two crura, by which the penis is connected to the

rami of the pubes. Each crus commences by a blunt-pointed pirocess in front of

the tuberosity of the ischium ; and, near its junction with its fellow, presents a

slight enlargement, named, by Kobelt, the hiilh 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 end, which is received

into a fossa in the base of the glans penis. A median 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. Each corpus cavernosum consists of a strong fibrous envelope,

enclosing a fibrous reticular structure, which contains erectile tissue in its meshes.

It is separated from its fellow by an incomplete fibrous septum.

The fibrous investment is extremely dense, of considerable thickness, and highly

elastic ; it not only invests the surface of the organ, but sends off numerous fibrous

bands (traheculce) from its inner surface, as well as from the surface of the septum,

which cross its interior in all directions, subdividing it into a number of separate

compartments, which present a spongy structure, in which the erectile tissue is

contained.

The trabecular structure fills the interior of the corpora cavernosa. Its com-

ponent fibres are larger and stronger round the circumference than at the centre

of the corpora cavernosa ; they are also thicker behind than in front. The inter-

spaces, on the contrary, are larger at the centre than at the circumfei'ence, their

long diameter being directed transversely ; and they are largest anteriorly. They
are lined by a layer of squamous epithelium.

The fibrous septum forms an imperfect partition between the two corpora caver-

nosa ; it is thick and complete behind ; but in front it is incomplete, and consists

of a number of vertical bands of fibrous tissue, which are arranged like the teeth

of a comb, v/hence the name, sephim pectiniforme ; these bands extend between the

dorsal and the urethral surface of the corpora cavernosa.

The fibrous investment and septum consist of longitudinal bands of white fibrous

tissue, with numerous elastic and muscular fibres. The trabeculse also consist of

white fibrous tissue, elastic fibres, and plain muscular fibres, and enclose arteries

and nerves.

The Corpus Spongiosum encloses the urethra, and is situated in the groove on

the under surface of the corpora cavernosa. It commences posteriorly in front of

the deep perineeal fascia, between the diverging crura of the corpora cavernosa,

where it forms a rounded enlargement, the bulb ; and terminates, anteriorly, in

another expansion, the glans penis, which overlaps the antei'ior rounded exti'emity

of the corpora cavernosa. The central portion, or body of the corpus spongiosum,

is cylindrical, and tapers slightly from behind forwards.

The buJh varies in size in different subjects ; it receives a fibrous investment

from the anterior layer of the deep perinwal fascia, and is surrounded by the

Accelerator urina3 muscle. The urethra enters the bulb nearer its upper than its

lower surface, being sui'rounded 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 immediately beneath the mucous
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membrane. Tlie portion of the bulb below the urethra presents a partial division

into 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.

StnicturB. 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 corpus

cavernosum. The trabeculfe are delicate, uniform in size, and the meshes between
them small ; their long diameter, for the most part, corresponding with that of the

penis. A thin layer of muscular fibres, continuoua behind with those of the bladder,

forms part of the outer coat of the corpus spongiosum.

The erectile tissue consists essentially of an intricate venous plexus, lodged in

the interspaces between the trabeculse. The veins forming this plexus are so

numerous, and communicate so freely with one another, as to present a cellular

appearance when examined by means of a section ; their walls are extremely thin,

and lined by squamous epithelium. The veins are smaller in the glans penis,

corpus spongiosum, and circumference of the corpora cavernosa, than in the central

part of the latter, where they are of large size, and much dilated. They return

the blocd by a series of vessels, some of which emerge in considerable numbers
from the base of the glans penis, and converge on the dorsum of the organ to form

the dorsal vein ; others pass out on the upper surface of the corpora cavernosa,

and join the dorsal vein ; some emerge 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 vein ; but the greater number pass

out at the root of the penis, and join the prostatic plexus and pudendal veins.

The arteries of the penis are derived from the internal pudic. Those supplying

the corpora cavernosa are the arteries of the corpora cavernosa, and branches from

<^

'roil! the pcriplioral portion of the corjiiis cavernosum yienis uutler .a low m:i;^nifyiog power, i, a network known as

the superficial : b, the tlecp. 2, connection of the artedal twigs [a) with the can.als of the deeper cortical network.
(Copied from Langer.)

the dorsal artery of the penis, which perforate the fibrous capsule near the fore

part of the organ. Those to the corpus spongiosum are the arteries of the bulb.

Additional branches are described by Kobelt as arising from the trunk of the

internal pudic ; they enter the bulbous enlargements on the corpora cavernosa and

corpus spongiosum. The arteries, on entering the cavernous structure, divide into

branches, which are supported and enclosed by the trabcculiB ; some of these

branches termmate in a capillary network, which communicates with the veins as

in other parts ; whilst others are more convoluted, and assume a tendril-like ap-

pearance ; hence the name, helicine arteries, which was given to these vessels by

Miillcr. The helicine arteries are more abundant in the back part of the corpora

cavernosa and corpus spongiosum ; they have not been seen in the glans penis.

The termination of these arteries in the venous spaces has been long a matter of

debate ; but the views of Langer are those which are now universally adopted.
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He describes the arteries of the oorpns cavernosum as terminating, some of them,

(as above), in ordinary capillaries. Others run, as somewhat fine arterial twiga

(about :j^th of an inch in diameter), into the venous network, while the terminal

branches of the arteries open directly into the venous spaces by remarkable funnel-

shaped orifices. There are also capillaries which surround the coats of the large

arteries, and communicate with the venous spaces. This arrangement of vessels

is also found in the bulb of the urethra. In the corpus spiongiosum and in the

glans, the arteries communicate with the venous spaces through the intervention

of capillary vessels.*

The lympliatics of the penis consist of a superficial and deep set ; the former

terminate in the inguinal glands ; the latter emerge from the corpora cavernosa

and corpus spongiosum, and, passing beneath the pubic arch, join the deep lym-

phatics of the pelvis.

The nerves are derived from the internal pudic nerve and the hypogastric plexus.

On the glans and bulb some filaments of the cutaneous nerves have Pacinian

bodies connected with them.

The Testes and their Coveeings.

The testes ai'e two small glandular organs, which secrete the semen ; they are

situated in the scrotum, being suspended by the spermatic cords. At an early

period of fcetal 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 coverings

derived from the serous, muscular, and fi'brous layers of the abdominal parietes, as

well as by the scrotum. The coverings of the testis are, the

Skin

Dartos

Intercolumnar, or External spermatic fascia.

Cremaster muscle.

Infundibuliform, or Fascia jaropria (Internal spermatic 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 the middle line of the perinfenm to the anus. Of these two lateral portions

the left 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 cir-

cumstances : thus, 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

folds or rugse. It is provided with sebaceous follicles, the secretion of which has

a peculiar odour, and is beset with thinly scattered, crisp hairs, the roots of which

are seen through the skin.

The dartos is a thin layer of loose reddish tissue, endowed with contractility
;

it forms the proper tunic of the scrotum, is continuous, around the base of the

scrotum, with the superficial fascia of the groin, perinsBum, and inner side of the

thighs, 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 surface of the penis, as far as its root.

The dartos is closely united to the skin externally, but connected with the

subjacent parts by delicate areolar tissue, upon which it glides with the greatest

• See Frey's Manual of Histology for a summarv of Laager's description of these vessels.

3A

> Scrotum.
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facility. The dartos is very vascTilar, and consists of a loose areolar tissue, con-

taining unstriped muscular fibre. Its contractility is slow, and excited by cold

and mechanical stimuli, but not by electricity.

The intercolmnnar fascia is & thin membrane, derived from the margin of the

pillars of the external abdominal ring, during the descent of the testis in the

foetus, being 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

layer.

The cremasteric fascia consists of scattered bundles of muscular fibres (Ore-

master muscle), derived from the lower border of the internal oblique muscle,

during the descent of the testis (p. 744).

The fascia propria is a thin membranous layer, which loosely invests the

surface of the cord. It is a continuation downwards of the infundibuliform pro-

cess of the fascia transversalis, and is also derived during the descent of the testis,

in the foetus.

The tunica vaginalis is described with the proper covering of the testis. A
more detailed account of the other coverings of the testis will be found in the

description of the surgical anatomy of inguinal hernia.

Vessels and Nerves. The aiieries supplying the coverings of the testis are : the

superficial and deep external pudic, from the femoral ; the snjserficial perinasal

branch of the internal pndic ; and the cremasteric branch from the epigastric.

The veins follow the course of the corresponding arteries. The lymplmtics

terminate in the inguinal glands. The nerves are : the ilio-inguinal and ilio-

hypogastric branches of the lumbar plexus, the two superficial perinteal 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

structures of which it is composed converge, to the back part of the testicle. It

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 fasciaa brought down by the testicle in its descent. In 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.

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 epigastric

artery.

The spermatic artery supjDlies the testicle. On approaching the gland, it gives

off some branches which supply the epididymis, and others which perforate the

tunica albuginea behind, and spread out on its inner surface, or pass through

the fibrous septum in its interior, to be distributed on the membranous septa

between the lobes.

The artery of the vas deferens is- a long slender vessel, which accompanies the

vas deferens, ramifying upon the coats of that duct, and anastomosing with the

spermatic artery near the testis.

The cremasteric branch from the epigastric supjjlies the Cremaster muscle, and
other coverings of the cord.

The spermatic veins leave the back part of the testis, and, receiving branches

from the epididymis, unite to form a plexus (pampiniform plexus), which forms

the chief mass of the cord. They pass up in front of the vas deferens, and unite

to form a single trunk, which terminates, on the right side, in the inferior vena

cava, on the left side, in the left renal vein.
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The lympJiatics are of large size, accompany the blood-vessels, and terminate

in the lumbar glands.

The nerves are the spermatic plexus from the sympathetic. This plexus is

derived from the renal and aortic plexuses, joined by filaments from the hypogasti'ic

plexus which accompany the artery of the vas deferens.

Testes.

The testes are suspended in the scrotum by the spermatic cords. Each gland

is of an oval form, compressed laterally and behind 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 siirfaces, as well as both extremities of the organ, are

convex, free, smooth, and invested by the tunica vaginalis. The posterior border,

to which the cord is attached, receives only a partial investment from that mem-
brane. Lying upon the outer edge of this border, is a long, narrow, flattened

body, named, from its relation to the testis, the epididymis (oiovfioc, 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 glohus minor. 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 mem-
brane ; the body is also completely invested by it, excepting along its posterior

border, and connected to the back of the testis by a fold of the serous mem-
brane. Attached to the upper end of the testis, or to the epididymis, is a small

pedunculated body, the use of which is

,r^,- Til rr 1- • -J ^1 T • unknown. When the testicle is removed
405—ihe lestis 2» Sii«,, the liunca

Vaginalis having been laid open. from the body the position of the vas

deferens, on its posterior and inner side,

Sfcrnuoit mai'ks the side to which the gland has

belonged.

Size and Weight. The average dimen-

sions of this gland are from one and a

half to two inches in length, one inch in

breadth, and an inch and a quarter in

the antero-posterior diameter ; and the

weight varies from six to eight draohms,

the left testicle being a little the larger.

The testis is invested by three tunics,

the tunica vaginalis, tunica albuginea,

and tunica vasculosa.

The Tunica Vaginalis is the serous

covering of the testis. It is a pouch of

serous membrane, derived from the peri-

toneum during the descent of the testis

in the fcetus, from the abdomen into the

scrotum. After its descent, that jiortion 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 invests the

outer surface of the testis, and is reflected on the internal surface of the scrotum;

hence it may be described as consisting of a visceral and parietal portion.

The visceral portion (tunica vaginalis propria') covers the outer surface of the

testis, as well as the epididymis, connecting the latter to the testis by means of a

3 A 2
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distinct fold. From the posterior border of the gland, it is reflected on to tbe

internal surface of the scrotrtm.

The parietal jjortion of the serous membrane {tunica vaginalis reflexa) is far

more extensive than the visceral portion, extending upwards, for some distance

in front, and on the inner side of the cord, and reaching below the testis. The
inner surface of the tunica vaginalis is free, smooth, and covered by a laver of

squamous epithelium. The interval between the visceral and parietal layers of

this membrane constitutes the cavity of the tunica vaginalis.

The Tunica Albuginea is the fibrous covering of the testis. It is a dense

fibrous membrane, of a bluish-white colour, composed of bundles of white fibrous

tissue, which interlace in every direction. Its outer surface is covered by the tunica

vaginalis, except along its posterior border, and at the points of attachment of

the epididymis ; bence the tunica albuginea is usually considered as a fibro-serous

membrane, like the dura mater and pericardium. This membrane surrounds the

glandular structure of the testicle, and, at its posterior and upper border, is

reflected into the interior of the gland, forming an incomplete vertical septum
called tbe mediastinum testis {corpus Highmorianum).

The mediastinum testis extends from the upper, nearly to the lower border of

the gland, and is wider above than below. From the front and sides of this

septum, numerous slender fibrous cords {trabeculce) are given off, which pass to be

attached to the inner surface of the tunica albuginea : they serve to maintain the

form of the testis, and join with similar cords given off from the inner surface of

the tunica albuginea, to form spaces which enclose the separate lobules of the

organ. The mediastinum supports the vessels and ducts of the testis in their

passage to and from the substance of the gland.

Tbe Tunica Vasculosa {p>ia mater testis) is the vascular layer of the testis,

consisting of a plexus of blood-vessels, held together by a delicate areolar tissue.

It covers the inner surface of the tunica albuginea, sending off numerous processes

between the lobules, which are supported by the fibrous prolongations from the

mediastinum testis.

Structure. The glandular structure of the testis consists of numerous lobules

{lobuli 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,

tlie 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, or more,

minute convoluted tubes, the tubuli seminiferi. The tubes may be separately

unravelled, by careful dissection under water, and may be seen to com-

mence either by free ceecal ends, or by anastomotic loops. The total number
of tubes is considered by Munro 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 ^rgij-tb to x^jyth 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. They consist of a base-

ment membrane, lined by epithelium consisting of nucleated glandular cor-

puscles, and are enclosed in a delicate plexus of capillary vessels. 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

gijth. 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, with

exceedingly thin parietes ; this constitutes the rete testis. At the upper end of the

mediastinum, the vessels of tbe rete testis terminate in from twelve to fifteen or

twenty ducts, the vasa efferentia : they perforate the tunica albuginea, and carry
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406.—Vertical Section of the Testicle,

to show the arrangement of the
Ducts.

tlie seminal fluid from the testis to the epididymis. Their course is at first straight

;

thoy then become enlarged, and exceedingly convoluted, and form a series of coni-

cal 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 efierent vessels open at

narrow intervals into a single duct,

which constitutes, by its complex con-

volutions, the body and globus minor of

the epididymis. When the convolutions

of this tube are unravelled, it measures

upwards of twenty feet in length, and
increases in breadth and thickness as it

approaches the vas deferens. The con-

volutions are held together by fine areolar

tissue, and by bands of fibrous tissue. A
long narrow tube, the vasmlum aberraiis

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 inches,

where it terminates by a blind extremity,

which is occasionally bifurcated. Its

length varies from an inch and a half

to fourteen inches, and sometimes it

becomes dilated towards its extremitj^

:

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.

The Vas Deferens, the excretory duct of the testis, is the continuation of the

epididymis. Commencing at the lower part of the globus minor, it ascends along

the posterior and inner side of the testis and epididymis, and along the back part

of the spermatic cord, through the spermatic canal to the internal abdominal

ring. From the ring it descends into the pelvis, crossing the extei'nal iliac

vessels, and curves round the outer side of the epigastric artery : at the side of

the bladder, it arches backwards and downwards to its base, crossing outside 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 sac-

culated : and, becoming narrowed, at the base of the prostate, unites with the duct

of the vesicula seminalis to form the ejaculatory duct. The vas deferens presents a

hard and cord-like sensation to thefing'ers ; it is about two feet in length, of cylin-

drical form, and about a line and a quarter in diameter. Its walls are of extreme

density and thickness, measuring one-third of a line ; and its canal is extremely

small, measuring about half a line.

In structure, the vas deferens consists of three coats : i. An external, or cellular

coat ; 2. A muscular coat, which is thick, dense, elastic, and consists of two longi-

tudinal, and an intermediate circular layer of muscular fibres
; 3. An internal, or

mucous coat, which is pale, and arranged in longitudinal folds ; its epithelial

covering is of the columnar variety.
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Vesiculji Seminales.

Tlie Seminal Vesicles are two lobnlated membranous pouches, placed between

the base of tbe bladder and the rectum, serving as reservoirs for the semen, and

secreting' some fluid to be added to that of the testicles. Each sac is somewhat
pj'ramidal 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 from 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 ujjper 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 are

separated by the recto-vesical fascia. Their posterior extremities diverge from

each other. Their anterior extremities are pointed, and converge towards the base

of the prostate gland, where each joins with the corresponding vas deferens to

form the ejaculatory duct. Along the inner margin of each vesicula runs the

407.- -Base of the Bladder, with the Vasa Deferentia

and Vesiculije Seminales.

enlarged and convoluted vas deferens. The inner boi'der of the vesiculse, and the

corresponding vas deferens, form the lateral boundary of a triangular space, limited

behind by the recto-vesical peritoneal fold ; the portion of the bladder included

in this space rests on the rectum, and corresponds with the trigonum vesicte in its

interior.

Structure. Each vesicula consists of a single tube, coiled upon itself, and giving

off several irregular ctecal diverticula ; the separate coils, as well as the diverticula,

being connected together by fibrous tissue. When uncoiled, this tube is aboat

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.

The ejaculatory ducts, two in number, one on each side, are formed by the

junction of the duct of the vesicula seminalis with the vas deferens. Each duct

is about three-quarters of an inch in length
; it commences at the base^.of the

prostate, and runs forwards and upwards in a canal in its substance, and along
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tlie side of the utriculus, to terminate by a separate slit-like orifice upon or within

the margins of the sinus joocularis. The ducts diminish in size, and converge
towards their termination.

Structure. The vesiculaa seminales are composed of three coats : an external or

fibro-cellular, derived from the reoto-vesioal fascia; a middle av fibrous coat, which
is firm, dense, fibrous in structure, somewhat elastic, and contains, according to

E. H. Weber, muscular fibres ; and an internal or mucous coat, which is pale, of

a whitish-brown colour, and presents a delicate reticular structure, like that seen

in the gall-bladder, but the meshes are finer. The epithelium is squamous. The
coats of the ejaculatory ducts are extremely thin, the outer fibrous layer being

almost entirely lost after their entrance into the prostate, a thin layer of muscular
fibres and the mucous membrane forming the only constituents of the tubes.

Vessels and Nerves. The arteries supplying the vesiculaa seminales are derived

from the inferior vesical and middle luEmorrhoidal. The veins and lymphatics

accompany the arteries. The nerves are derived from the hypogastric j)lexus.

The Semen is a thick, whitish fluid, having a peculiar odour. It consists of a

fluid, the liquor seminis, and solid particles, the seminal granules, and spermatozoa.

The liquor seminis is transparent, colourless, and of an albuminous compo-
sition, containing particles of squamous and columnar epithelium, with oil-

globules and granular matter floating in it, besides the above-mentioned solid

elements.

The seminal granules are round finely-granular corjDuscles, measuring ^^yVuth of

an inch in diameter.

The spermatozoa, or spermatic filaments, are the essential agents in producing

fecundation. They are minute elongated particles, consisting of a small flattened

oval extremity or body, and a long slender caudal filament. A small circular

spot is observed in the centre of the body, and at its point of connection with the

tail there is frequently seen a projecting rim or collar. The movements of these

bodies are remarkable, and consist of a lashing or undulatory motion of the tail.

Descent of the Testes.

The testes, at an early period of fcetal life, are placed at the back part of the

abdominal cavity, behind the peritoneum, in front, and a little below the kidneys.

The anterior surface and sides are invested by peritoneum : the blood-vessels and
efferent ducts are connected with their posterior surface ; and attached to the

lower end is a peculiar structure, the gubernaculum testis, which is said to assist

in their descent.

The Guhernaculum Testis attains its full development between the fifth and
sixth months ; it is a conical-shaped cord, attached above to the lower end of the

epididymis, and below to the bottom of the scrotum. It is placed behind the

peritoneum, lying upon the front of the Psoas muscle, and completely fiUing

the inguinal canal. It consists of a soft transparent areolar tissue within, which
often appears partially hollow, surrounded by a layer of striped muscular fibres,

the Cremaster, which ascends upon this body to be attached to the testis.

According to Mr. Curling, the gubernaculum, as well as these muscular fibres,

divides below into three processes : the external and broadest process is connected

with Poupart's ligament in the inguinal canal ; the middle process descends along

the inguinal canal to the bottom of the scrotum, where it joins the dartos ; the

internal one is firmly attached to the os pubis and sheath of the Rectus muscle
;

some fibres, moreover, are reflected from the Internal oblique on to the front of

the gubernaculum. Up to the fifth month, the testis is situated in the lumbar

region, covered in front and at the sides by peritoneum, and supported in its

position by a fold of that membrane, called the mesorchiiim
; between the fifth and

sixth months the testis descends to the iliac fossa, the gubernaculum at the same

time becoming shortened ;
during the seventh month, it enters the internal ab-

dominal ring, a small pouch of peritoneum {processus vaginalis) preceding the testis
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in its course through the canal. By the end of the eighth month, the testis has

descended into the scrotum, carrying down with it a lengthened pouch of peri-

toneum, which communicates by its upper extremity with the peritoneal cavity.

Just before birth, the 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*

Mr. Curling believes that the descent of the testis is effected by means of the

muscular fibres of the gubernaculum ; those fibres which proceed from Poupart's

ligament and the Obliquns internus are said to guide the organ into the inguinal

canal ; those attached to the pubis draw it below the external abdominal ring ; and

those attached to the bottom of the scrotum complete its descent. During the

descent of the organ these muscular fibres become gradually everted, forming a

muscular layer, which becomes placed external to the process of the peritoneum,

surrounding the gland and spermatic cord, and constitutes the Cremaster. In the

female, a small cord, corresponding to the gubernaculum in the male, descends

to the inguinal region, and ultimately forms the round ligament of the uterus. A
pouch of peritoneum accompanies it along the inguinal canal, analogous to the

processus vaginahs in the male : it is called the canal of Nucli.

* The ohliteration of the process of peritoneum which accompanies the cord, and is hence

called the funicular process, is often incomplete. For an account of the various conditions

produced by such incomplete obliteration (which are of gi'eat importance in the pathological

anatomy of Inguinal Hernia), the student is referred to the ' Essay on Hernia,' by Mr. Birkett,

in ' A System of Surgery,' edited by T. Holmes, vol. iv.



Female Organs of Generation.

THE external Organs of Generation in tlie female are the mons Veneris, the

labia majora and minora, the clitoris, the meatus urinarius, and the orifice of

the vagina. The term ' vulva ' or ' pudendum,' as generally applied, includes all

these parts.

The mons Veneris is the rounded eminence in front of the pubes, formed by a

collection of fatty tissue beneath the integument. It surmounts the vulva, and is

covered with hair at the time of puberty.

408.—The Vulva. External Female Organs of Generatiou.

The labia majora are two prominent longitudinal cutaneous folds, extending
downwards from the mons Veneris to the anterior boundary of the perinseum, and
enclosing an elliptical fissure, the common urino-sexual opening. Each labium is

formed externally of integument covered with hair ; internally, of mucous mem-
brane, which is continuous with the genito-urinary mucous tract ; and between
the two, of a considerable quantity of areolar tissue, fat, and a tissue resembling
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the dartos of the scrotum, besides vessels, nerves, and glands. The labia are

thicker in front than behind, and joined together at each extremity, forming the

anterior and posterior commissures. The interval left between the posterior com-

missure and the margin of the anus is about an inch in length, and constitutes the

pei'inseum. Just within the posterior commissure is a small transverse fold, the

frcenuliim pudencli or fourcliette, which is commonly ruptured in the first partu-

rition, and the space between it and the commissure is called the fossa navicularis.

The labia are analogous to the scrotum in the male.

The labia mvinora or mjmplim are two small folds of mucous membrane, situated

within the labia majora, extending from the clitoris obliquely downwards and

outwards for about an inch and a half on each side of the orifice of the vagina, on

the sides of which they are lost. They are continuous externally with the labia

majora, internally with the inner surface of the vagina. As they converge towards

the clitoris in front, each labium divides into two folds, which surround the glans

clitoridis, the superior folds uniting to form the proepntium clitovidis, the inferior

folds being attached to the glans, and forming the frssnum. The nymphse are

comjiosed of mucous membrane, covered by a thin epithelial layer. They contain

a plexus of vessels in their interior, and are provided with numerous large mucous
crypts which secrete abundance of sebaceous matter.

The clitoris is an erectile structure, analogous to the corpora cavernosa of the

penis. It is situated beneath the anterior commissure, partially hidden between

the anterior extremities of the labia minora. It is an elongated organ, connected

to the rami of the pubes and ischia on each side by two crura ; the body is

short, and concealed beneath the labia ; the free extremity, or glans clitoridis, is

a small rounded ttiberole, consisting of spongy erectile tissue, and highly sensitive.

The clitoris 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 iiacomplete fibrous pectiniform septum. It is provided, like the penis, with

a suspensory ligament, and with two small muscles, the Erectores clitoridis, which

are inserted into the crura of the corpora cavernosa.

Between the clitoris and the entrance of the vagina is a triangular smooth

surface, bounded on each side by the nymphjB : this is the vestibule.

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 urinarius is the orifice of the vagina, an elliptical aperture, more or less

closed in the virgin, by a membranous fold, the hymen.

The hymen is a thin , semilunar fold of mucous membrane, stretched across

the lower part of the orifice of the vagina ; its concave margin being turned

upwards towards the pubes. Sometimes this membrane forms a complete

septum across the orifice of the vagina : a condition known as imperforate hymen.

Occasionally it forms a circular septum, perforated in the centre by a round

opening ; sometimes it is cribriform, or its free margin forms a membranous

fringe, or it may be entirely absent. It may also persist after copulation. The

hymen cannot, consequently, be considered as a test of virginity. Its rupture, or

the rudimentary condition of the membrane above referred to, gives rise to those

small rounded elevations which surround the opening of the vagina, the carunculce

m.yrtiformes.

Glands of Bartholine. On each side of the commencement of the vagina 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

Bartholine. Each gland opens by means of a long single duct, upon the inner

side of the nymphas, external to the hymen. Extending from the clitoris, along

either side of the vestibule, and lying a little behind the nympliEe, 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 :
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they are termed by Kobelt the lulbi vestibuli ; and he considers them analogous

to the bulb of the corpus spongiosum iu the male. Immediately in front of these

bodies is a smaller venous plesus, continuous with the bulbi vestibuli behind, and

the glans clitoridis in front : it is called by Kobelt the pars intermedia, and is

considered by him as analogous to that part of the body of the corpus spongiosum

which immediatel3f succeeds the bulb.

409.—Section of Female Pelvis, showing position of Viscera.

Bladdee.

The bladder is situated at the anterior part of the pelvis. It is in relation,

m front, with the os pubis ; heJiind, with the uterus, some convolutions of the

small intestine being interposed ; its haae lies in contact with the neck of the

uterus, and with the anterior wall of the vagina. The bladder is said to be larger

in the female than in the male, and is very broad in its transverse diameter.

Urethea.

The urethra is a narrow membranous canal, about an inch and a half in length,

extending from the neck of the bladder to the meatus urinarius. It is placed

beneath the symphysis pubis, embedded in the anterior wall of the vagina ; and

its direction is obliquely downwards and forwards, its course being slightly

curved, the concavity du'ected forwards and upwards. Its diameter, when un-

dilated, is about a quarter of an inch. The urethra perforates the triangular

ligament, precisely as in the male, and is surrounded by the muscular fibres of

the Compressor urethroe.

Structure. The ui'ethra consists of three coats : muscular, erectile, and mucous.

The muscular coat is continuous with that of the bladder ; it extends the whole

length of the tube, and consists of a thick stratum of circular fibres.
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A thin layer of spongy, erectile tissue, intermixed witli mncli elastic tissue, lies

immediately beiieatli tlie mucous coat.

The mucous coat is pale, continuous, externally, with that of the vulva, and
internally -with that of the bladder. It is thrown into longitudinal folds, one of

which, placed along the fioor of the canal, resembles the verumontanuni in the

male urethra. It is lined by laminated epithelium, which becomes spheroidal at

the bladder. Its external orifice is surrounded by a few mucous follicles.

The urethra, from not being surrounded 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.

Rectum.

The rectum is more capacious and less curved in the female than in the

male.

T^he first portion extends from the left sacro-iliac symphysis to the middle of the

sacrum. Its connections are similar to those in the male.

The second portion extends to the tip of the coccyx. It is covered in front by
the peritoneum, but only for a short distance, at its upper part : it is in relation

with the posterior wall of the vagina.

The tJiircl portion curves backwards from the vagina to the anus, leaving a

space which corresponds on the surface of the body to the perinaeum. Its ex-

tremity is surrounded by the Sphincter muscles, and its sides are supported by the

Levatores ani.

The Vagina.

The vagina is a membranous canal, extending from the vulva to the uterus.

It is situated in the cavity of the pelvis, behind the bladder, and in front of

the rectum. Its direction is curved forwards and downwards, following at first

the line of the axis of the cavity of the pelvis, and afterwards that of the outlet.

It is cylindrical in shape, flattened from before backwards, and its walls are

ordinarily in contact with each other. Its length is about foiir- inches along its

anterior wall, and between five and six inches along its posterior wall. It is con-

stricted at its commencement, and becomes dilated near its uterine extremity ; it

surrounds the vaginal portion of the cervix uteri, a short distance from the os,

and its attachment extends higher up on the posterior than on the anterior wall

of the uterus.

Relations. Its anterior surface is concave, and in relation with the base of the

bladder, and with the urethra. Its posterior surface is convex, and connected to

the anterior wall of the rectum, for the lower three-fourths of its extent, the

upper fourth being sepai'ated from that tube by the recto-uterine fold of peri-

toneum, which forms a cul-de-sac between the vagina and rectum. Its sides give

attachment superiorly to the broad ligaments, and inferiorly to the Levatores ani

muscles and recto-vesical fascia.

Striocture. The vagina consists of an external, or muscular coat, a layer of

erectUe tissue, and an internal mucous lining.

The muscular coat consists of longitudinal fibres which surround the vagina,

and are continuous with the superficial muscular fibres of the uterus. The strongest

fasciculi are those attached to the recto-xesical fascia on each side.

The erectile tissue is enclosed between two layers of fibrous membrane : it is more
abundant at the lower than at the upper part of the vagina.

The rmicous membrane is continuous, above, with that lining the uterus, and

below, with the integument covering the labia majora. 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®, extending out-

wards from the raphe on each side. These rugee are most distinct near the orifice

of the vagina, especially in females before parturition. They indicate its adaptation
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for dilatation, and are calculated to facilitate its enlargement during parturition.

The mucous membrane is covered witli conical and filiform papilte, and provided

with mucous glands and follicles, which are especially numerous in its upper part,

and around the cervix uteri. The epithelium is of the squamous variety.

The Utekus.

The uterus is the organ of gestation, receiving the fecundated ovum in its cavity,

retaining and supporting it during the development of the fcetus, 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 re-

tained in its position by the round and broad ligaments on each side, and projects

into the upper end of the vagina below. Its ujjper end, or base, is directed up-

wards and forwards ; its lower end, or apex, downwards and backwards, in the

line of the axis of the inlet of the pelvis. 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 an inch in thickness, and it weighs from an ounce to

an ounce and a half.

The fundus is the upper broad extremitj'' of the organ : it is convex, covered

by peritoneum, and placed on a line below the level of the brim of the pelvis.

The hody gradually narrows from the fundus to the neck. Its anterior surface

is flattened, covered by peritoneum in the upper three-fourths of its extent, and
separated from the bladder by some convolutions of the small intestine : the lower

fourth is connected with the bladder. Its posterior surface is convex, covered by
peritoneum throughout, and separated from the rectum by some convolutions

of the intestine. Its lateral margins 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 below both of these structures.

The cervix is the lower rounded and constricted portion of the uterus : around

its circumference is attached the upper end of the vagina, which extends upwards

a greater distance behind than in front.

At the vaginal extremity of the uterus is a transverse aperture, the os uteri,

bounded by two lips, the anterior of which is thick, the posterior narrow and long.

Ligaments. The ligaments of the uterus are six in number : two anterior, two
posterior, and two lateral. They are formed of peritoneum.

The two anterior ligaments (vesico-uterine) are two semilunar folds, which pass

between the neck of the uterus and the posterior surface of the bladder.

The two posterior ligaments (recto-uterine), pass between the sides of the uterus

and rectum.

The two 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 that

cavity into two portions. In the anterior part are contained the bladder, urethra,

and vagina ; in the posterior part, the rectum.

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 funnel-

shaped cavity, 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 con-

stricted opening, the internal orifice (ostium internum), which leads into the

cavity of the cervix. The cavity of the cervix is somewhat cylindrical, flattened

from before backwards, broader at the middle than at either extremity, and com-
municates, below, with the vagina. Each wall of the canal presents a longitudinal

column, from which proceed a number of small oblique columns, giving the ap-

pearance of branches from the stem of a tree, and hence the name arbor vitm
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uterina applied to it. These folds usually become very indistinct after the first

labour.

Structure. The uterus is composed of three coats : an external serous coat, a

middle or muscular layer, and an internal mucous coat.

The serous coat is derived from the peritoneum ; it invests the fundus and the

whole of the posterior surface of the body of the uterus ; but only the upper three-

fourths of its anterior surface.

The viuscular 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

like cartilage. It is thick opposite the middle of the body and fundus, and thin

at the orifices of the Fallopian tubes. It consists of bundles of unstriped muscular

fibres, disposed in layers, intermixed with areolar tissue, blood-vessels, lymphatic

vessels and nerves. In the impregnated state, the muscular tissue becomes more
prominently developed, and is disposed in three layers : external, middle, 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 con-

tinued on the Fallopian tubes, the round ligament, and ligament of the ovary

;

some passing at each side into the broad ligament, and others running backwards

from the cervix into the recto-uterine ligaments.

The middle layer of fibres presents no regularity in its arrangement, being dis-

posed longitudinally, obliquely, and transversely.

The internal, or deep laj-er, 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 cervix these fibres are disposed transversely.

The mucous meiiibrane 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 mucous membrane
lining the vagina.

In the body of the uterus, it is smooth, soft, of a reddish colour, lined by
columnar-ciliated epithelium, and presents, when viewed with a lens, the orifices

of numerous tubular follicles arranged perpendiculai'ly to the surface. They are

of small size in the unimpregnated uterus, but shortly after impregnation they are

enlarged, elongated, presenting a contorted or waved appearance towards their

closed extremities, which occasionally dilate into two or three sacculated extremities.

The circular orifices of these glands may be seen on the inner surface of the

mucous membrane, many of which daring the early period of pregnancy are sur-

rounded by a whitish ring formed of epithelium which lines the follicles. In the

impregnated uterus, the epithelium loses its ciliated character.

In the cervix the mucous membrane between the rugse and around the os uteri

is provided with numerous mucous follicles and glands. The small, transparent,

vesicular elevations, so often found within the os and cervix uteri, are due to

closure of the mouths of these follicles, and their distension with their proper

secretion. They are called the ovula ofNabotJi. The mucous membrane covering

the lower half of the cervix presents numerous papilljB.

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 coiu'se in the substance of the organ, and for their frequent anastomoses.

The veins are of large size, and correspond with the arteries. In the impregnated

uterus these vessels are termed the uterine sinuses, consisting of the lining mem-
brane of the veins adhering to the walls of canals channelled through the substance

of the uterus. They terminate in the uterine plexuses. The lymphatics are of

large size in the impregnated uterus, and terminate in the pelvic and lumbar

glands. The nerves are derived from the inferior hypogastric and spermatic

plexuses, and from the third and fourth sacral nerves.
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The form, size, and situation of the uterus vary at different periods of life and under
different circumstances.

Li thefcctus, the uterus is contained in the abdominal cavit}', projecting beyond the brim
of the pelvis. The cervix is considerably larger than the body.

At puberty, the uterus is pyriform in shape, and weighs from eight to ten drachms. It

has descended into the pelvis, the fundus being just below the level of the brim of this

cavity. The arbor vitse is distinct, and extends to the iipper part of the cavity of the

organ.

During and after 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, softei', and of a darker colour.

During Pregnancy, the uterus increases so as to weigh from one pound and a half to three

pounds. It becomes enormously enlarged, and projects into the hypogastric and lower part

of the umbilical regions. This enlargement, which continues up to the sixth month of

gestation, is partiall}' due to increased development of pre-existing and new-formed muscular
tissue. The round ligaments are enlarged, and the broad ligaments become encroached upon
bj' the uterus making its way between their laminaj. The mucous membrane becomes more
vascidar, its mucous follicles and glands enlarged ; the rugse and folds in the canal of the

cervix become obliterated ; the blood and h'mphatic vessels as well as the nerves, according

to the researches of Dr. Lee, greatly enlarged.

After Parturition, the uterus nearly regains its usual size, weighing from two to three

ounces ; but its cavity is larger than in the virgin state ; the external orifice is more marked,
and assumes a transverse direction ; its edges present a fissured surface ; its vessels are

tortuous ; and its muscular layers 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 of the Uterds.

The appendages of tie -uterus are, tlie Fallopian tnbes, tlie ovaries and their

ligaments, and the round ligaments. These structures, together with their nutrient

vessels and nerves, and some scattered muscular fibres, are enclosed between the

two folds of peritoneum, which constitute the broad ligaments ; they are placed in

the following order : in front is the round ligament; the Fallopian tube occupies

the free margin of the broad ligament : the ovary and its ligament are behind and
below the latter.

The Fallopian Tubes, or oviducts, convey the ova from the ovaries to the

cavity of the uterus. They are two in number, one on each side, situated in the

free margin of the broad ligament, extending from each superior angle of the

uterus to the sides of the pelvis. Each tube is about four inches in length ; its

canal is exceedingly minute, and commences at the superior angle of the uterus

by a minute orifice, the ostium intermmi, which will hardly admit a fine bristle

;

it continues nan-ow along the inner half of the tube, and then gTadually widens

into a trumpet-shaped extremity, which becomes contracted at its termination.

This orifice is called the ostium abdominale, and communicates with the peritoneal

cavity. Its margins are surrounded by a series of fringe-like processes, termed

fimhrice, and one of these processes is connected with the outer end of the ovary.

To this part of the tube the name jimhriated extremity is applied ; it is also called

morsus diaholi, from the peculiar manner in which it embraces the surface of the

ovary during sexual excitement. In connection with the fimbrias of the Fallopian

tube, or with the broad ligament close to them, there is frequently a small vesicle

or hydatid', floating on a long stalk of peritoneum.

Structure. The Fallopian tube consists of three coats : serous, muscular, and
mucous.

The external or serous coat is derived from the peritoneum.

The middle or muscular coat consists of an. external longitudinal and an internal

or circular layer of muscular fibres continuous with those of the uterus.

The internal or mucous coat is continuous with the mucous linino- of the

uterus, and at the free extremity of the tube with the peritoneum. It is thrown
into longitudinal folds in the outer part of the tube, which indicate its adaptation

for dilatation, and is covered by columnar ciliated epithelium. This form of

epithelium is also found on the inner and outer surfaces of the fimbria.
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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 down-

wards, 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

anterior margin, to the broad ligaments ; by its inner extremity to the uterus by a

410.—The Uterus and its Appendages. Anterior View.

41 1.—Section of the Ovary of a Virgin,

showing the Stroma and Graafian

Vesicles.

proper ligament, the ligament of the ovary ; and by its outer end to the fimbriated

extremity of the Fallopian tube by a short ligamentous cord. The ovaries are of

a whitish 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 ia width,

and about a third of an inch thick ; and weigh from one to two drachms. The
surfaces and posterior convex border are free, the anterior straight border being

attached to the broad ligament.

Structure. The ovary is invested by peritoneum, excepting along its anterior

attached margin ; beneath this, is the proper fibrous covering of the organ, the

tunica albuginea, which is extremely dense and firm in structure, and encloses

a peculiar soft fibrous tissue, or stroma,

abundantly supplied with blood-vessels

(fig. 411). Embedded in the meshes of

this tissue are numerous small, round,

transparent vesicles, in various stages of

development ; they are the Graafian

vesicles, the ovisacs containing the ova.

In women who have not borne children,

they vary in number from ten to fifteen

or twenty ; and in size from a pin's

head to a pea ; but Dr. Martin Barry

has shown, that a large number of micro-

scopic ovisacs exist in the parenchyma
of the organ, few of which produce ova.

These vesicles have thin, transparent

walls, and are filled with a clear colour-

less, albuminous fluid.

The Graafian vesicles are, during

their early development, small, and deeply

seated in the substance of the ovary
; as

they enlarge, they approach the surface
;

and, when mature, form small projections

on the exterior of the ovary beneath the

peritoneum. Each vesicle consists of an

412.—Section of the Graafian Vesicle.

After Von Baer.
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external fibro-vascular coat, connected with the surrounding stroma of the ovary

by a network of blood-TCssels ; and an internal coat, named ovioapsvle, which is

lined by a layer of nucleated cells, called the memhrana granidosa. The fluid

contained in the interior of the vesicles is transparent and albuminous, and in it is

suspended the ovum.

The formation, development, and maturation of the Graafian vesicles and ova

continue uninterruptedly from infancy to the end of the fruitful period of woman's
life. Before puberty, the ovaries are small, the Graafian vesicles contained in them
minute, and few in number ; and few, probably, ever attain full development, but

shrink and disappear, their ova being incapable of impregnation. At puberty the

ovaries enlarge, are 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 from thence into the

Fallopian tube, the fimbriated processes of which are supposed to grasp the ovary,

the aperture of the tube being applied to the part corresponding to the matured

and bursting vesicle. In the human subject and most mammalia, the maturation

and discharge of the ova occur at regular jseriods only, and are indicated, in the

mammalia, by the phenomena of heat or rut ; and in the human female, by men^

struatioH. Sexual desire is more intense in females at this period ;
and if the

union of the sexes takes place, the ovum may be fecundated.

Gorjjus Luteutn. Immediately after the ruptui'e of a Graafian vesicle, and the

escape of its ovum, the vesicle is filled with blood-tinged fluid; and in a short

time the circumference of the vesicle is occupied by a firm, yellow substance,

which is probably formed from plasma exuded from its walls. Dr. Lee believes

that this yellow matter is deposited outside both the membranes of the follicle
;

Montgomery regards it as placed between the layers ; while Kolliker considers it

as a thickening of the inner layer of the outer coat of the follicle. The exudation

is at first of a dark brown or brownish-red colour, but it soon becomes paler, and
its consistence more dense.

For every follicle in the ovary from which an ovum is discharged, a corpus

luteum will be found. But the characters it exhibits, and the changes produced in

it will be determined by the circumstance of the ovum being impregnated or not.

Although there is little doubt that corpora lutea exist in the ovaries after the

escape of ova, independent of coitus or impregnation, it appears that the corpus

luteum of pregnancy (true corpus luteum) possesses characters by which it may be

distinguished from one formed in a follicle, from which an ovum has been discharged

without subsequent impregnation (false corpus luteum.) «

The true corpora lutea are of large size, often as large as a mulberry ; of a

rounded form, and project from the surface of the ovary, the summit of the pi'o-

jection presenting a triangular depression or cicatrix, where the peritoneum appears

to have been torn. They contain a small cavity in their centre during the early

period of their formation, which becomes contracted, and exhibits a stellate cicatrix

during the latter stages of pregnancy. Their vascularity, lobulated or puckered

appearance, firm consistence, and yellow colour, are also characteristic marks of

true corpora lutea.

False corpora lutea are of small size, do not project from the surface of the

ovary, are angular in form, seldom present any cicatrix, contain no cavity in their

centre : the material composing them is not lobulated, its consistence is usually

soft, often resembling coagulated blood ;
the yellow matter exists in the form of a

very thin layer, or more commonly is entirely wanting. False corpora lutea most

frequently result from the effusion into the cavities of the Graafian vesicles of

serum or blood, which subsequently undergoes various changes, and is ultimately

removed. Dr. Lee states, that in the false corpora lutea the yellow substance is

contained within, or attached to, the inner surface of the Graafian vesicle, and does

not surround it, as is the case in the true corpora lutea.

3B
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In tlie 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 first oblique,

and then nearly transverse. They gradually descend into the pelvis.

Lying above the ovary in the broad ligament between it and the Fallopian tube

is the organ of Rosenmiiller called also the parovarium or epoophoron. This is the

remnant of a fcetal structure, the development of which has been described in the

Introduction. In the adult it consists of a few closed convoluted tubes, lined with

epithelium, some of them atrophied, and one usually distinguishable from the rest

by ending in a bulbous or hydatid swelling. The parovarium is connected at its

uterine extremity with the remains of the Wolffian duct, the duct of Gaertner.

The Ligament of the ovary is a rounded cord, which extends from each superior

angle of the uterus to the inner extremity of the ovary; it consists of fibrous tissue

and a few muscular fibres deiived from the uterus.

The Bound Ligaments are two rounded cords, between four and five inches in

length, 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 and outwards through the internal abdominal ring,

along the inguinal canal to the labia majora, in which it becomes lost. The round

ligament consists of areolar tissue, vessels, and nerves, besides a dense bundle of

fibrous tissue, and muscular fibres prolonged from the uterus, enclosed in a dupli-

cature of peritoneum, which, in the foetus, is prolonged in the form of a tabular

process for a short distance into the inguinal canal. This process is called the canal

of Nttclc. 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 und Nerves. The arteries of the ovaries and Fallopian tubes are the

ovarialn from the aorta. They anastomose with the termination of the uterine

arteries, and enter the attached border 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 hypogastric, or pelvic, plexus and from the

ovarian plexus, the Fallopian tube receiving a branch from one of the uterine

nerves.

Mammaet Glands.

The mamma;, or breasts, are accessory glands of the generative system, which

secrete the milk. They exist in the male as well as in the female ; but in the

former only in a rudimentary state, unless their growth is excited by peculiar cir-

cumstances. In the female, they are two large hemispherical emineuces situated

towards the lateral aspect of the pectoral region, corresponding to the interval

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 difierent 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 up-

wards and outwards towards the axilla ; they are separated from the Pectoral

muscles by a thin layer of superficial fascia. The outer surface of the mamma is

convex, and presents, just below the centre, a small conical prominence, the

nipple (mamilla). The surface of 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 of impregnation, it enlai'ges, 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 through life. These changes in the colour of the
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areola are of extreme importance in forming a conclugion in a case of suspected

pregnancy.

The nipple is a cylindrical or conical eminence, capable of undergoing a sort of

erection from mecbanical excitement. It is of a pink or brownish hue, its sur-

face wrinkled and provided with papillse, 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

daring lactation, and present the appearance of small tubercles beneath the skin.

These glands secrete a peculiar fatty substance, which serves as a protection to the

integument of the nipple in the act of sucking. The nipple consists of numerous
vessels, which form a kind of erectile tissue, intermised with plain muscular
fibres.

Structure. The mamma consists of gland-tissue ; of fibrous tissue, connecting

its lobes ; and of fatty tissue in the intervals between the lobes. The mammary
gland, when freed from cellular tissue and fat, is of a pale reddish colour, firm in

texture, circular in form, flattened from before backwards, thicker in the centre

than at the circumference, and presenting several inequalities on its surface, especi-

ally in front. It consists of numerous lobes, and these are composed of lobules,

connected together by areolar tissue, blood-vessels, and ducts. The smallest lobules

consist of a cluster of rounded vesicles, 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

tuhuli ladiferi, galadophori. They converge towards the areola, beneath which

they form dilatations, or ampullse, which serve as reservoirs for the milk, and, at

the base of the nipple, become contracted, and pursue 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 is of

the tesselated or scaly variety near the orifices of the ducts, and columnar in the

deeper parts of the gland.

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 intervals

between its lobes and lobules. It usually exists in considerable abundance, and

determines the form and size of the gland. There is no fat immediately beneath

the areola and nipple.

Vessels and Nerves. The arteries supplying the mammas are derived from the

thoracic branches of the axillary, the intercostals, and internal mammary. The

vei7is describe an anastomotic circle round the base of the nipple, called by Haller

the circulus venosxis. From this, large branches transmit the blood to the cir-

cumference of the gland, and end in the axillary and internal mammary veins.

The lymphatics ran along the lower border of the Pectoralis major to the axillary

glands. The nerves ai'e derived from the anterior and lateral cutaneous nerves of

the thorax.
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The Surgical Anatomy of Inguinal Hernia.

Dissection (fig. 413)- For dissection of the parts concerned in inguinal hernia, a male
subject, free from fat, should always be selected. The body should be placed in the supine

position, the 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 apertui'e

through the umbilicus. An incision should be made along the middle line, from the um-
bilicus to the pubes, 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 triangidar-shaped flap included between them should

be reflected downwards and outwards, when the superficial fascia will be exposed.

The sivperfioial fascia in this region consists of two layers, between which are

found the superficial vessels and nerves, and the inguinal lymphatic glands.

The superficial layer is thick, areolar in texture, containing adipose tissue in

its 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. This fascia is continued as a tubular prolongation around

the outer surface of the cord and testis. In this situation, it changes its charac-

ter ; it becomes thin, destitute of adipose tissue, and of a pale reddish colour, and

assists in forming the dartos. Prom the scrotum, it may be traced backwards to

be continuous with, the superficial fascia of the perinaeum. This layer should be

removed, by dividing it across in the same direction as the external incisions, and

reflecting it downwards and outwards, when the following vessels and nerves will

be exposed :

—

The superficial epigastric, superficial circumflex iliac, and superficial external

pudic vessels ; the terminal filaments of the ilio-hypogastric and ilio-inguinal

nerves ; and the upper chain of inguinal lymphatic glands.

The superficial epigastric artery crosses Poupart's ligament, and ascends ob-

liquely towards the umbilicus, lying midway between the spine of the ilium and

the pubes. It supplies the integument, and anastomoses with the deep epigastric.

This vessel is a branch of the common femoral artery, and pierces the fascia lata,

below Poupart's ligament. Its accompanying vein empties itself into the internal

saphenous, after having pierced the cribriform fascia.

The superficial circumflex iliac artery passes outwards towards the crest of the

ilium.

The superficial external pudic artery passes transversely inwards across the

spermatic cord, and supplies the integument of the hypogastric region, and of the

penis and scrotum. This vessel is usually divided in the first incision made in

the operation for inguinal hernia, and occasionally requires the application of a

ligature.

The veins accompanying these superficial vessels are usually much larger than

the arteries : they terminate in the internal saphenous vein.

Lymphatic vessels are found, taking the same course as the blood-vessels : they

return the lymph from the superficial structures in the lower part of the abdomen,

the scrotum, penis, and external surface of the buttock, and terminate in a small

chain of lymphatic glands, three or four in number, which lie on a level with

Poupart's ligament.

Nerves. The terminal branch of the ilio-inguinal nerve emerges at the external

abdominal ring : and the hypogastric branch of the ilio-hypogastric nerve perforates

the aponeurosis of the external oblique, above and to the outer side of the external

ring.

The deep layer of superficial fascia should be divided across in the same
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direction as the external incisions, separated from the aponeurosis of the External

oblique, to which it is connected by delicate areolar tissue, and reflected down-
wards and outwards. It is thin, aponeurotic in structure, and of considerable

strength. It is intimately adherent, in the middle line, to the linea alba, and
below, to the whole length of Poupart's ligament and the upper part of the fascia

lata. It forms a thin tubular prolongation round the outer surface of the cord,

which blends with the superficial layer, and is continuous with the dartos of the

scrotum. Prom the back of the scrotum, the conjoined layers may be traced into

the perinffium, where they are continuous with the deep layer of the superficial

fascia in that region, which is attached, behind, to the triangular ligament, and on
each side, to the ramus of the pubes and ischium. The connections of this fascia

serve to explain the course taken by the urine in extraTasation of that fluid from

rupture of the urethra : passing foi-wards from the perinseum into the scrotum, it

ascends on to the abdomen, but is prevented extending into the thighs by the

attachment of the fascia to the ramus of the pubes and ischium, on each side, and

to Poupart's ligament in front, and is prevented from passing on to the buttock by

the posterior connections of the perinseal fascia.

413.—Inguinal Hernia. Superficial Dissection.

The aponeurosis of the External oblique muscle is exposed on the removal of

this fascia. It is a thin, strong, membranous aponeurosis, the fibres of which are

directed obliquely downwards and inwards. It is attached to the anterior superior

spinous process of the ilium, the spine of the pubes, the linea ilio-pectinea, front of

the pubes and linea alba. That portion of the aponeurosis which extends from the
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anterior superior spine of the ilium, to the spine of the pubes, is termed Poupart's

Ligament, or the crural arch ;
and that portion which is inserted into the pectineal

line, is termed Gimbernat's Ligament.

Just above and to the outer side of the crest of the pubes, an interval is

seen in the aponeurosis of the External oblique, called the external ahdominal

ring, which transmits the spermatic cord in the male, and the round ligament in the

female. This aperture is oblique in direction, 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 free borders of the aponeurosis, which are

called the columns or pillars of the ring.

The external pillar, which, at the same time, is inferior from the obliquity of

its direction, is the stronger ; it is formed by that portion of Poupart's ligament

which is inserted into the spine of the pubes ; it is curved round the spermatic

cord, so as to form a kind of groove, upon which the cord rests.

The internal or superior pillar is a broad, thin, flat band, which interlaces with

its fellow on the opposite side, in front of the symphysis pubis, 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 intercolumnar 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

ring ; they increase the strength of the membrane which bounds the upper part

of this aperture, and prevent the divergence of the pillars from one another. They
are thickest below, where they are connected to the outer third of Poupart's

ligament, and are inserted into the linea alba ; describing a curve, with the con-

vexity 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 fibres are continuous with a thin fascia, which is closely con-

nected to the margins of the external ring, and has received the name of the inter-

columnar or external spermatic fascia ; it forms a tubular prolongation around the

outer surface of the cord and testis, and encloses them in a distinct sheath. The
sac of an inguinal hernia, in passing through the external abdominal ring, receives

an investment from the intercolumnar fascia.

The finger should be introduced a short distance into the external ring, and
then, if the limb is 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 ring sufiiciently enlarged to admit the finger with comparative ease :

heiice 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 as much relaxed as possible.

The aponeurosis of the External oblique -should he removed by dividing it across in the

same direction as the external incisions, and reflecting it outwards ; great care is requisite

in separating it from the aponeurosis of the muscle heneath. The lower part of the internal

oblique and the Oremaster are then exposed, together with the inguinal canal, which con-
tains the spermatic cord (fig. 414). The mode of insertion of Poupart's and Gimbernat's
ligaments into the pubes should also be examined.

Pouparfs ligament, or the crural arch, extends from the anterior superior

spine of the ilium to the spine of the pubes. It is also attached to the pectineal

line to the extent of about an inch, forming Gimbernat's ligament. Its general
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direction is curbed towards the thigh, where it is continuous with the fascia lata.

Its outer half is rounded, oblique in its direction, and continuous with the iliac

fascia. Its inner half gradually widens at its attachment to the pubes, is more
horizontal in direction, and lies beneath the spermatic cord.

Gimhernat's ligament is that portion of the aponeurosis of the External oblique

which is inserted into the pectineal line ; it is thin, membranous in structure,

triangular in shape, the base directed outwards, and passes upwards and backwards
beneath the spermatic cord, from the spine of the os pubis to the pectineal line, to

the extent of about half an inch.

The triangular ligament is a band of tendinous fibres, of a triangular shape,

which is continued from Poupart's ligament at its attachment to the pectineal

line upwards and inwards, behind the inner pillar of the external ring to the linea

alba.

The Internal oblique Muscle has been described (p. 251). The part which is

now exposed is partly muscular and partly tendinous in structure. Those fibres

which arise from the outer part of Poupart's ligament are thin, pale in colour,

curve downwards, and terminate in an aponeurosis, which passes in front of the

Rectus and Pyramidalis muscles, to be inserted into the crest of the os pubis and

414.—Inguinal Hernia, showing the Internal Oblique,

Oremaster, and Spermatic Oanal.

pectineal line, to the extent of half an inch, in common with that of the Trans-

versalis muscle, forming by their junction the conjoined tendon. This tendon is

placed immediately behind Gimhernat's ligament and the external abdominal ring,

and serves to strengthen what would otherwise be a very weak point in the

abdominal wall. When a direct inguinal hernia passes through the external

ring, the conjoined tendon usually forms one of its coverings.

The Gremaster is a slender muscular fasciculus, which arises from the middle of
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Poupart's ligament at the inner side of tlie Internal oblique, being connected with

that mnscle, 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 thick-

ness and length in difi'erent 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, 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 Rectus 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 affoi'ds an

ea-sy 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

oblique. In its passage beneath this muscle some fibres are derived from its

lower pai't, 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 circum-

stances, the testis, in' its descent, passed through instead of beneath the fibres of

the 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 hernias.

No such muscle exists in the female, but an analogous structure is 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 lif^ament, separated from the

Transversalis to the same extent as in the previous incisions, and reflected inwards on to the

sheath of the Rectus (fig. 415). The circumflex iliac vessels, which lie between these two
muscles, form a valuable guide to their separation.

The Transversalis imisde has been previously described (p. 254). Its lower

part is partly fleshy and partly tendinous in structure ; this portion arises from

the outer third of Poupart's ligament, and, arching downwards and inwards over

the cord, terminates in an aponeurosis, which ia inserted into the linea alba, the

crest of the pubes, and the pectineal line to the extent of an inch, forming,

together with the Internal oblique, the conjoined tendon. Between the lower

border of this muscle and Poupart's ligament, a space is left in 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 jjlaced parallel with, and

a little above, Poupart's ligament. It communicates, above, with the cavity of

the abdomen, by means of the internal 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 apo-

neurosis of the External oblique throughout its whole length, and by the Internal

oblique for its outer third ; behind, by the conjoined tendon of the Internal

oblique and Transversalis, the triangular ligament, 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. That form of protrusion in which the intestine follows the

course of the spermatic cord along the spermatic canal, is called oblicpie inguinal

hernia.
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The fascia transversaUs is a thin aponeurotic membrane, whicli lies between
the inner sui'face of the Transversalis muscle and the jDeritoneum. 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.

In the inguinal region, the transversalis fascia is thick and dense in structure,

and joined by fibres from the aponeurosis of the Transversalis ; 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 posterior margin
of Poupart's ligament, and is there continuous with the iliac fascia. Internal to

the vessels it is thin, and attached to the pubes and 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.

415.—Inguinal Hernia, showing the Transversalis Muscle, the Transversalis Fascia,

and the Internal Abdominal Ring.

The internal abdominal ring is situated in the transversalis fascia, midway
between the anterior superior spine of the ilium and the sjaine of the pubes, and

about half an inch above Poupart's ligament. It is of an oval form, the extremi-

ties 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,

by the arched fibres of the Transversalis muscle, and internally, by the epigastric

vessels. It transmits the spermatic cord in the male, and the round ligament in

the female, and from its circumference a thin, funnel-shaped membrane, the

infundibuliform fa^scia, 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 ring, the infundibuliform process of the transversalis fascia forms one of

its coverings.

Between the fascia transversalis and the peritoneum is a quantity of loose

areolar tissue. In some subjects it is of considerable thickness, and loaded with
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adipose tissue. Opposite the internal ring, it is continued round the surface of

the cord, forming a loose sheath for it.

The epigastric artery bears a very important relation to the internal abdominal
ring. This vessel lies between the transversalis fascia and peritoneum, and passes

obliquely upwards and inwards, from its origin from the external iliac, to the

margin of the sheath of the Rectus muscle. In tbis course it lies along the lower

and inner margin of the intei-nal ring, and beneath the commencement of the

spermatic cord, the vas deferens curving round it as it passes from the ring into

the pelvis.

The peritoneum, corresponding to the inner surface of the internal ring, pre-

sents a wrell-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, which may be

closed above ; or the pouch may be directly continuous with the peritoneum by
an opening at its upper part.

Inguinal Hehnia.

Inguinal hernia is that form of protrusion which makes its way through the

abdomen 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

same course as the spermatic cord. It is called external, from the neck of the sac

being on the outer or iliac side of the 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 oi" pubic side of the

epigastric artery.

Oblique Inguinal Heknia.

In oblique inguinal hernia, the intestine escapes from the abdominal cavity at

the internal ring, pushing before it a pouch of peritoneum, which forms the

hernial sac. As it enters the inguinal canal, it receives an investment from the

subserous areolar tissue, and is enclosed in the infundibuliform process of the

transversalis fascia. In passing along the inguinal canal, it displaces upwards

the arched fibres of the Transversalis and Internal oblique muscles, and is sur-

rounded 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 cellular tissue, and
pei'itoneum.

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.

Tlie seat of stricture in oblique inguinal hernia, is either at the external ring

in the inguinal canal, caused by the fibres of the Internal obhque or Transversalis,

or at the internal ring, more frequently in the latter situation. If it is situated at

the external ring, the division of a few fibres at one point of its circumference is
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all that is necessary for tlie replacement of the hernia. If in the inguinal canal,

or at the internal ring, it will be necessary to divide the ajjoneurosis of the

External oblique so as to lay open the inguinal canal. In dividing the stricture,

the direction of the incision should be directly 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

hernia. If the intestine does not escape from the external ring, but is retained in

the inguinal canal, it is called incomplete inguinal hernia, or huhonocele. In

each of these cases, the coverings which invest it will depend upon the extent to

which it descends in the inguinal canal.

There are two other varieties of oblique inguinal hernia ; the congenital, and
infantile.

Congenital hernia is liable to occur in those cases where the pouch of perito-

neum which accompanies the cord and testis in its descent in the foetus remains

unclosed, and communicates directly with the peritoneum. The intestine descends

along this pouch into the cavity of the tunica vaginalis, and lies in contact with

the testis. This form of hernia has no proper sac, being contained within the

tunica vaginalis.

In Infantile hernia, the hernial sac descends along the inguinal canal into the

scrotum, behind the pouch of peritoneum which accompanies the cord and testis

into the same part. The abdominal aperture of this pouch is closed, but the

portion contained in the inguinal canal remains unobliterated. The hernial sac

is consequently invested, more or less completely, by the posterior layer of the

tunica vaginalis from which it is separated by a little loose areolar tissue ; so that

in operating upon this variety of hernia, three layers of peritoneum would
require division ; the first and second being the layers of the tunica vaginalis, the

third the anterior layer of the hernial sac.

DiEEOT Inguinal Heenu.

In direct inguinal hernia, the protrusion makes its way through some part of

the abdominal wall internal to the epigastric artery, and passes directly through

the abdominal parietes and external ring. At the lower part of the abdominal

wall is a triangular space (Hesselbach's triangle), bounded, externally, by the

epigastric artery ; internally, by the margin of the Rectus 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 being filled in by the

transversalis fascia.

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 cel-

lular 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.*

* The difference between the position of the neck of the sac in these two forms of direct

inguinal hernia has been referred, with some prohabihty, to a difference in the relative posi-

tions of the obliterated hypogastric artery and the epigastric artery. The projection of the

hj'pogasti'ic artery towards the cavity of the abdomen produces two fossce in the peritoneum.
When the course of the obliterated hypogastric artery corresponds pretty nearly witk that

of the epigastric, which is regarded as the normal arrangement, 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 fining this fossa is an oblique hernia.

When, on the other hand, the obliterated hypogastric artery lies considerably to the inner

side of the epigastric, it divides the triangle of Hesselbaoh into two parts. In that case

a hernia may distend and push out the peritoneum forming the bottom of the external fossa,

and by so doing will protrude the tissues which form the abdominal wall between the

internal ring and the conjoined tendon. It will be a direct hernia, since the neck of the sac

fies internal to the epigastric artery : but its coverings, as stated in the text, will be identical

with those of the oblique form, with the insignificant difference that the covering from the

transversaUs fascia is taken from another source, and not from its infundibuliform process.
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In other cases, and this is the more frequent variety, the intestine is either

forced through the fibres of the conjoined tendon, or the tendon is gradually dis-

tended 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, exce23ting that the conjoined tendon is substituted for the

Cremaster, and the infnndibulum fascia is replaced by a part of the general

fascia transversalis.

The seat of stricture in both varieties of direct hernia is most frequently at the

neck of the sac, or at the external ring. In that form of hernia which perforates

the conjoined tendon, it not unfrequently occurs at the edges of the fissure

through vs'hich the gut passes. 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 hernia.

This form of hernia is usually of small size, and in corpulent persons 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 by the transversalis fascia and conjoined tendon. It difi'ers also in its

position, being placed over the pubes, and not in the course of the inguinal canal.

The 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.

SURGICAL AJSTATOMT OF FEMORAL HERNIA.

The dissection of the parts comprised in the anatomy of femoral hernia should he per-

formed, if possible, upon a female subject fi'ee from fat. The subject should lie upon its

back ; a block is first placed under the pelvis, the thigh everted, and the knee slip:htly benty

and retained in this position. An incision should then he made from the anterior 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 pre-

ceding
; 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

he reflected outwards, when the superficial fascia will be exposed.

The Superficial fascia at the upper part of the thigh, consists of two layers,

between which are found the cutaneous vessels and nerves, and numerous lym-

phatic glands.

The superficial layer is a thick and dense cellulo-fibrous membrane in the meshes

of which is found a considerable amount of adipose tissue, varying in qiiantity

in different subjects ; this layer may be traced upwards over Poupart's ligament

to be continuous with the superficial fascia of the abdomen ; whilst below, and on
the inner and outer sides of the limb, it is continuous with the superficial fascia

covering the rest of the thigh.

This layer should be detached by dividing it across iu the same direction as the external

incisions ; its removal will be facilitated by 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 siu-face of that vessel and its branches : it should then be reflected

outwards, in the same manner as the integument. The cutaneous vessels and nerves, and
superficial ingiunal glands, are then exposed, lying upon the deep layer of the superficial

fascia. These are the internal saphenous vein, and the superficial epigastric, superficial

circiunflexa ilii, and supei-ficial external pudic vessels, as well as niuneroua lymphatics
ascending with the saphenous vein to the inguinal glands.
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The iidernal saphenous vein is a vessel of considerable size whicli ascends

obliquely npwards along the inner side of the thigh, below Ponpart's ligament. It

passes through the saphenous opening in the fascia lata to terminate in the femoral

vein. This vessel is accompanied by numerous lymphatics, which return the

lymph from the dorsum of the foot and inner side of the leg and thigh : they ter-

minate in the inguinal glands, which surround the saphenous opening. Diverging

from the same point are the superficial epigastric vessels, which run across

Ponpart's ligament, obliquely upwards and inwards, to the lower part of the

abdomen : the superficial circumflexa ilii vessels, which pass obliquely outwards

416.—Femoral Hernia. Superficial Dissection.

along Ponpart's ligament to the crest of the ilium : and the superficial esternal

pudic vessels, which pass inwards to the perinoeum and scrotum. These vessels

supply the subcutaneous areolar tissue and the integument, and are accompanied

by numerous lymphatic vessels, which return the lymph from the same parts to

the inguinal glands.

The superficial inguinal glands are arranged in two groups, one of which is

disposed above and parallel with Poupart's ligament, and the other below the

ligament, surrounding the termination of the saphenous vein, and following

(occasionally) the course of that vessel a short distance along the thigh. The
upper chain receives the lymphatic vessels from the penis, scrotum, lower part of

the abdomen, perinseum, and buttock; the lower chain receives the lymphatic

vessels from the lower extremity.

The nerves supplying the integument of the region are derived from the ilio-

inguinal, the genito-crural, and anterior crnral. The ilio-inguinal nerve may be
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found on the inner side of the internal saphenous vein, the terminal branch of the

genito-crural nerve outside the vein, and the middle and external cutaneous nerves

more external.

The deep layer of superficial fascia should be divided in the same direction

as the external incisions, and separated from the fascia lata : this is easily effected

from its extreme thinness. It is a thin but dense membrane, placed beneath the

subcutaneous vessels and nerves, and vipon the surface of the fascia lata. It is

intimately adherent above to the lower margin of Poupart's ligament, and about

one inch below this ligament covers the saphenous opening in the fascia lata, is

417.—Femoral Hernia, showing Fascia Lata and Saphenous Opening.

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 jierforated by the internal saphenous vein, and by numerous blood and
lymphatic vessels ; hence it has been termed the cribriform fascia, the openings

of these vessels having been likened to the holes in a sieve. The cribriform fascia

adheres closely both to the superficial fascia and the fascia lata, so that it is described

by some anatomists as a part of the fascia lata, but 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. Mr. Callender,

however, speaks of cases in which, probably as the result of pressure from enlarged

inguinal 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.

* Anatomy of Femoral Rupture, note on p. 18.
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The deep layer of superficial fascia, together with the cribriform fascia, having

been removed, the fascia lata is exposed.

The Fascia Lata, already described (p. 297), is a dense fibrous aponeurosis,

which forms a uniform investment for the whole of this region of the limb. At
the upper and inner part of the thigh, a large oval-shaped aperture is observed in

it ; it transmits the internal saphenous vein and other small 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 portion of the fascia lata is situated on the outer side of the saphenous

opening covering the outer surface of the Sartorius, the Rectus, and the Psoas

and Iliacus muscles. 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

as the spine of the pubes, and to the pectineal line in conjunction with Gimber-

nat's ligament, where it becomes continuous with the pubic portion. From the

spine of the pubes, it is reflected downwards and outwards, forming an arched

margin, the outer boundary (^superior cornu) of the saphenous opening. This is

sometimes called the falciform process of the fascia lata (femoral ligament of Hey)
;

it overlies, and is adherent to, the sheath of the femoral vessels beneath ; to its

edge is attached the cribriform fascia, and it is continuous below with the pubic

portion of the fascia lata by a well-defined curved margin.

The puhio portion of the fascia lata is situated at the inner side of the saphe-

nous 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 finally lost in the fibrous capsule of the hip-joint. This fascia is

attached above to the pectineal line, and internally to the margin of the pubic

arch. It may be observed from this description that the iliac portion of the

fascia lata passes in front of the femoral vessels, the pubic portion behind them
;

an apparent aperture consequently esists 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 thigh, below Poupart's ligament, towards the inner side, and is

directed obliquely downwards and outwards.

Its outer margin is of a semilunar form, thin, strong, sharjsly defined, and lies

on a plane considerably anterior to the inner margin. If this edge is traced up-

wards, it will be seen to form a curved elongated process or cornu (the superior

cornu), or falciform process of Burns, which ascends in front of the femoral

vessels, and curving inwards, is attached to Poupart's ligament and to the spine

of the pubes and pectineal line, where it is continuous with the pubic portion.*

* It is difficult to perceive in the recognised description of these ligaments (Hey's and
Burns's) auy diiference between the two ; nor is it clear what structure Mr. Hey really

intended to describe. Mr. Gay (on 'Femoral Rupture,' p. 16) gives very cogent reasons

for thinking that the ' deep criu-al arch ' was the structure which Hey had in view. The
1 most recent writer on Femoral Hernia speaks thus while treating of these parts :

—
' The

whole upper edge of the iliac fascia lata is commonly called the " falciform process," whilst

1 its deeper fihres receive the name of " Burns's ligament." Hey's femoral ligament would
appear to consist of distinct fibres connected with the inner fold of the iliac fascia, which

: extend immediately beneath the tendon of the external oblique to the subperitoneal

1 fascia.' (Oallender, ' On the Anatomy of the Parts Concerned in Femoral Rupture^ p. 19,

I note.) This description of Hey's ligament accords closely with that of the deep crural

larch, for the subperitoneal fascia is Mr. Oallender's name for the fascia transversalis.

I Mr. CaUender goes on to say,
—'The upper border of this (saphenous) opening thus

1 receives, by an unfortimate complication, the names of " Falciform process," " Femoral
1 ligament" "Burns's or Hey's ligament." The various divisions of the iliac fascia lata

(depend in great measure upon the skill of the dissector, and are, in my opinion,

(artificial.'
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If traced downwards; it is found continuous witli another curved margin, tlie

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 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 difierent 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.

The iliac portion of the fascia lata, together with its falciform proceas, should now he
removed, by detaching it from the lower margin of Poupart's ligament, carefully dissecting

it from the subjacent structures, and tm-ning it aside when the sheath of the femoral vessels

is exposed descending beneath Poupart's ligament (fig. 418).

418.—Femoral Hernia. Iliac Portion of Fascia Lata removed, and Sheath of

Femoral Vessels and Femoral Canal exposed.

The Crural Arch, or Pouparfs Ligament is the lower border of the aponeurosis

of the External oblique muscle, which stretches across from the anterior superior

spine of the ilium, to the spine of the os pubis and pectineal line : the portion

corresponding to the latter insertion is called Gimbern.at's IA>gament. The direction
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of Poupai't's ligament is curved downwards towards tlietbigli ; its outer Iialf being
oblique, its inner half nearly horizontal. Nearly the whole of the space included

between 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
Iliaous and Psoas muscles, togethei* with the externai cutaneous and anterior crural

nerves. The pubic side of the 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,

and occasionally by a small lymphatic gland : this is the crural canal, along which
the gut descends in femoral hernia.

QimhernaVs Ligament (fig. 419) is that part of the aponeurosis of the External

oblique muscle which is reflected downwards and outwards, to be inserted into

the pectineal line of the os pubis. It is about 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, the base directed outwards. Its hase, or outer margin, is

concave, thin and sharp, lies in contact with the crural sheath, and is blended with
the pubic portion of the fascia lata. Its apex corresponds to the spine of the pubes.

Its posterior margin is attached to the pectineal line. Its anterior margin is con-

tinuous with Poupart's ligament.

Crural Sheath. If Poupart's ligament is divided, the femoral or crural sheath

may be demonstrated as a continuation downwards of the fascise that line the

abdomen, the transversalis fascia passing down in front of the femoral vessels, and
the iliac fascia descending behind them ; these fasciee are directly continuous on
the iliac side of the femoral artery, but a smaU 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,

becoming blended with the areolar sheath of the vessels, but opposite Poupart's

ligament it is much larger than is required to contain them ; hence the funnel-

shaped form which it presents. The outer border of the sheath is perforated by
the genito-crural nerve. Its inner border is pierced by the internal saphenous vein,

and numerous lymphatic vessels. In front, it is covered by the iliac portion of the

fascia lata ; and behind it is the pubic portion of the same fascia.

Deep Crural Arch. Passing across the front of the crural sheath, and closely

connected with it, is a thickened band of fibres, called the deep crural arch. It

is apparently a 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 pectineal line, behind the conjoined

tendon. In some subjects, this structure is not very prominently marked, and not

nnfrequently it is altogether wanting.

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 separates the vein from 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

inner wall of the sheath is not filled up by any structure, excepting a little loose

areolar tissue, a few lymphatic vessels, and occasionally a lymphatic gland ; this

is the femoral or crural canal, through which the intestine descends in femoral

hernia.

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 liga-

ment to the upper part of the saphenous opening.

Its anterior luall is very narrow, and formed by the fascia transversalis, Poupart's

ligament, and the falciform process of the fascia lata.

3C
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Its posterior wall is formed by the iliac fascia and the pubic portion of the fascia

lata.

Its Older ivall is formed by the fibrous septum covering the inner side of the
femoral vein.

Its mwer M'ttM is formed by the junction of the transversalis and iUao fasciae,

which form the inner side of the femoral sheath, and cover the outer edge of

Gimbernat's ligament.

This canal has two orifices : a lower one, the saphenous opening, closed by the

cribriform fascia ; an upper one, the femoral 'or crural ring, closed by the septum
crnrale.

419.—Hernia. The Relations of the Femoral and Internal Ahdominal Rings,
seen from within the Abdomen. lU"ht Side.

Thefemoral or crural ring (fig. 419) 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 pubes, covered by the Pectineus

muscle, and the pubic portion of the fascia lata ; internally, by Gimbernat's

ligament, the conjoined tendon, the transversalis fascia, and the deep crural arch
;

externally, by the femoral vein, covered by its sheath. The femoral ring is of an
oval form ; its long diameter, directed transversely, measures about half an inch,

and it 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.

Position of Farts around the Ring. The spermatic cord in the male, and round

ligament in the female, lie immediately above the anterior margin of the femoral

ring, and naay be divided in an operation for femoral hernia if the incision for

the relief of the stricture is not of limited extent. In the female, this is of little

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 epigastric artery, in its passage inwards from the external iliac to the

umbilicus, passes across the upper and outer angle of the crural ring, and is con-

sequently in danger of being wounded if the stricture is divided in a direction

upwards and outwards.

* This ring, like the crural canal, is a morhid or an artiiicial product. ' Each femoral

hernia makes for itself (for neither outlet exists in the natural anatomy of the region) a
crural canal, and a crural (femoral) ring.'

—

Callenbee, o}]. cit., p. 40.
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The communicating hrancli between the epigastric and obturator lies in front

of the ring.

The circumference of the ring is thus seen to be bounded by vessels in every

part, excepting internally and behind. 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 epigastric,

which occurs once in every three subjects and a half, bears a very important rela-

tion to the crural ring. In some cases it descends on the inner side of the exter-

nal 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. 232, p. 403, ist

fig.) Occasionally, however, the obturator artery curves along the free margin of

Grimbernat's ligament in its passage to the obturator foramen ; it would, conse-

quently, skirt along the greater part of the circumference of the crural canal, and
could hardly avoid being wounded in the operation. (See fig. 232, p. 403, 2nd fig.)

Septum Crurale. The femoral ring is closed by a layer of condensed areolar

tissue, called, by J. Cloquet, the septum crurale. This serves as a barrier to the

protrusion of a hernia through this part Its upper surface is slightly concave,

and supports a small lymphatic gland, by which it is separated from the subsei-ous

areolar tissue and peritoneum. Its under surface is turned towards the femoral

canal. The septum crurale is perforated by numerous apertures for the passage

of lymphatic vessels, connecting the deep inguinal glands with those surrounding

the external iliac artery.

The size of the femoral canal, the degree of tension of its orifices, and, con-

sequently, 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 jjarts 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 jjlaced in

the latter position when the application of the taxis is made in attempting the

reduction of a femoral hernia.

The septum cmrale is separated from the peritoneum by a quantity of loose

subserous areolar tissue. In some subjects, this tissue contains a considerable

amount of adipose substance, which, when protruded forwards in front of the sac

of a femoral hernia, may be mistaken for a portion of omentum.

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 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 further 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

forwards, 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

3 c 2
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nature of the surrounding parts ; but when it has escaped from the saphenous

opening into the loose areolar -tissue of the groin, it becomes considerably enlarged.

The direction taken by a femoral hernia in its descent is at iirst downwards, then

forwards and upwards ; tliis 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 out-

wards are peritoneum, subserous areolar tissue, the septum crnrale, crural sheath,

cribriform fascia, superficial fascia, and integument.*

Varieties of Femoral Hernia. If the intestine descends along the femoral canal

only as far as the saphenous opening, and does not escape from this aperture, it is

called incom]plete femoral hernia. The small size of the protrusion 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 diflficulty of detecting the existence of the swelling, especially in corpulent

subjects. The coverings of an incomplete femoral hernia would be, from without

inwards, integument, superficial fascia, falciform process of fascia lata, fascia

propria, septum crurale, subserous cellular tissue, and peritoneum. When, how-

ever, the hernia 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 at

the neck of the hernial sac ; in the greater number of cases it would appear to 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 about two or three

lines. By these means, all vessels or other structures of importance, in relation

with the neck of the hernial sac, will be avoided.

* Sir A. Cooper has described an investment for femoral hernia under the name of
' Fascia propria/ lying- immediately external to the peritoneal sac, hut frequently separated
from it by more or less adipose tissue. Smgically, it is important to remember the existence

(at any rate, the occasional existence) of this layer, on account of the ease with which an
inexperienced operator may^ mistahe the fascia for the peritoneal sac, and the contained fat

for omentum. Anatomically, this fascia appears identical -VFitli what is called in the
text ' subserous areolar tissue,' the areolar tissue being thickened and caused to assume a
membranous appearance, by the pressure of the hernia.



Surgical Anatomy of tlie Perinseum and Iscliio-

Rectal Kegioii.

Dissection.—The student should select a well-developed muscular subject, free from fat,

and the dissection should be commenced early, in order that the parts may be examined in

as recent a state as possible. A stalf having been introduced into the bladder, and the

subject placed in the position shown in tig-. 420, the scrotum should be raised upwards, and
retained in that position, and the rectum moderately distended with tow.

The space wMcli is now exposed, corresponds to the inferior aperture, or outlet

of the pelvis. Its deep boundaries are, in front, the pubio arch and subpubic

ligament ; behind, the tip of the coccyx ; and on each side, the ramus of the pubes

and ischium, the tuberosity of the ischium, and great sacro-sciatic ligament. 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. It measures, from before backwards,

about four inches, and about three in the broadest part of its transyerse diameter,

between the ischial tuberosities. A line drawn transversely between the anterior

part of the tuberosity of the ischium, on each side, in front of the anus, subdivides

this space into two portions. The anterior portion contains the penis and urethi-a,

and is called the perinceimi. The posterior portion- contains the termination of the

rectum, and is called the ischio-redal region.

Ischio-Eectal Region.

The ischio-rectal region corresponds to the portion of the outlet of the pelvis

situated immediately behind the perinesum : it contains the termination of the

rectum. A deep fossa, filled with fat, is seen on either side of the intestine,

between it and the tuberosity of the ischium : this is called the ischio-rectal

fossa.

The iscMo-rectal region presents, in the middle line, the aperture of the anus
;

around this orifice, the integument is- thrown into numerous folds, which are

obliterated on distension of the intestine. The integument is of a dark colour,

continuous with the mucous membrane of the rectum, and provided with numerous
follicles, which occasionally inflame and suppurate, and may be mistaken for

fistulfe. The veins around the margin of the anns 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. These tumours constitute

the disease called externalpiles.

Dissection. Hake an incision through the integument, along the median line, from the
base of the scrotitm to the anterior extremity of the anus ; carry it round the margins of

this apertm-e to its posterior extremity, and continue it backwards 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 in the same direction,

should be made in front of the anus; and a third at the posterior extremity of the gut.

These incisions should be siifficieutly extensive to enable the dissector to raise the integument
from the inner side of the thighs. The flaps of skin correspondiug to the ischio-rectal region
(tigs. 420-4), should now be removed. In dissecting the integument from this region, great
care is required, otherwise the External sphincter will be removed, as it is intimately ad-
herent to the skin.

The supeificial fascia is exjjosed on the removal of the skin: it is very thick,

areolar in texture, and contains much fat in its meshes.- In itars found ramifying
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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 in

this region.

420.—Dissection of PerinaBum and Isohio-Rectal Region.

The External spliwder is a thin flat plane of muscular fibres, elliptical in shape,

and intimately adherent to the integument surrounding the margin of the

anus. It measures aboixt three or four inches in length, from its anterior to its

posterior extremity, being about an inch in breadth, opposite the anus. It 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 tendinous centre of the

perinEeum, joining with the Transversus perinasi, the Levator ani, and the Acce-

lerator urines. Like other Sphincter muscles, it consists of two planes of muscular

fibre, which surround the margin of the anus, and join in a commissure before

and behind.

Relations. By its superficial surface, with the integument ; by its deep surface,

it is in contact with the Internal sphincter ; and is separated from the Levator ani

by loose areolar tissue.

The Sphincter ani is a voluntary muscle, supplied by the hfemorrhoidal branch

of the fourth sacral nerve. This muscle is divided in the operation for fistula in

ano ; and also in some cases^of fissure of the rectum, especially if attended with

much pain or spasm. The object of its division is to keep the parts at rest and
in contact during the healing process.

The Internal spiMncter is a muscular ring, about an inch in breadth, which
surrounds the lower extremity of the rectum, about an inch from the margin of

the anus. 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.

The iscliio-rectal fossa is situated between the end of the rectum and the

tuberosity of the ischium on each side. It is triangular in shape, its base, directed

to the surface of the body, is formed by the integument of the ischio-reotal region
;

its apex, directed upwards, corresponds to the point of division of the obturator

fascia, and the thin membrane given off from it, which covers the outer surface of

the Levator ani (ischio-rectal 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, by the tuberosity of the ischium, 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 perinseal fascias : and

heliind, by the margin of the Gluteus maximus, and the great sacro-sciatic
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ligament. This space is filled with a large masa of adipose substance, 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 ischiatio 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 formed by the obturator

fascia, the pudic nerve lying below the artery. Crossing the space transversely,

about its centre, are the inferior hasmorrhoidal ve=sels and nerves, branches of the

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 larger size, and
may give rise to troublesome haamorrhage, when divided in the operation of litho-

tomy, 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, a cutaneous branch

of the perinseal nerve.

PEEINiEUM.

The periniBal space is of a tn'angular form ; its deep boundaries are limited,

laterally, by the rami of the pubes and ischia, meeting in front at the pubic arch

;

behind by an imaginary transverse line, extending between the tuberosities of the

ischia. The lateral boimdaries vary, in the adult, from three 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 base being two inches 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 those 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 sejDarated, and the perinasal space,

consequently, wider. The perinasum is subdivided by the median raphe into two

equal jDarts. Of those, the left is the one in which the operation of lithotomy is

performed.

In the middle line, the perinseum is convex, and corresponds to the bulb of the

urethra. The skin covering it is of a dark colour, thin, freely moveable upon the

subjacent parts, and covered with shai'p crisp hairs which should be removed
before the dissection of the part is commenced. In front of the anus, a prominent

line commences, the raphe, continuous in front with the raphe of the scrotum.

The flaps of integument corresponding to this space having been removed, in the

manner shown in figs. 420-3, the superficial fascia is exposed.

The Stqjerjicial Fascia consists of two layers, superficial and deep, as in other

regions of the body.

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 care-

fully removed, after it has been examined, when the deep layer will be exposed.

The deep layer of superficial fasoia (superficial perinseal fascia) is thin,

aponeurotic in structure, and of considerable strength, serving to bind down the

muscles of the root of the penis. It is continuous, in front, with the dartos of

the scrotum ; on either side, it is firmly attached to the margins of the rami of the

pubes and ischium, external to the crus penis, and as far back as the tuberosity of

the ischium
;
posteriorly it curves down behind the Transversus perinsei muscles

to join the lower margin of the deep perinssal fascia. This fascia not only covers

the muscles in this region, but sends down a vertical septum from its under sur-

face, which separates the back pai-t of the subjacent space into two, being incom-

plete in front.
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In nipture of the anterior portion of tlie urethra, accompanied bj extravasation

of urine, the fluid makes its way forwards, beneath this fascia, into the areolar

tissue of the scrotum, penis, and anterior and lateral portions of the abdomen ; it

rarely extends into the areolar tissne on the inner side of the thighs, or backwards

around the anus. This limitation of the extravasated fluid to the parts above

named is easy of explanation, when the attachments of the deep layer of the

421.—^The Perinfeum. The Integument and Siiperflcial Layer of

Superticial Fascia reflectsd.

superGcial fascia are considered. When this fascia is removed the muscles con-

nected with the penis and urethra will be exposed ; these are, in the middle line,

the Accelerator urinK ; on each side, the Erector penis, and behind the Trans-

versus perintei.

The Accelerator urines is placed in the middle line of the perinseum, immedi-

ately in front of the anus. It consists of two symmetrical halves, united along

the median line by a tendinous raphe. It arises from the central tendon of the

perinasum, and from the median raphe in front. Prom this point its fibres diverge

like the plumes of a pen ; the most posterior form a thin layer, which are lost on

the anterior surface of the triangular ligament ; the middle fibres encircle the bulb

and adjacent part of the corpus spongiosum, and join with the fibres of the oppo-

site side, on the upper part of the corpus spongiosum, in a strong aponeurosis ; the

anteinor fibres, the longest and most distinct, spread out over the sides of the cor-

pus cavernosum, to be inserted partly into that body, anterior to the Erector penis

;

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 may serve to accelerate the flow of the nrine or semen
along the canal of the urethra. 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
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erection of the penis, as tliey are inserted into, and continuous with, the fascia of

the penis, compressing the dorsal veiu daring the contraction of the mtiscle.

Tlie Erector Penis covers the unattached part of the eras 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 periuEeum. It arises by tendinous and

fleshy fibres from the inner surface of the tuberosity of the ischium, behind tha

422.—The Superficial Muaoles and Vessels of the Perineum.
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cms penis, from the surface of the crus, and from the adjacent portion of the

ramus of the jsubes. Prom these points, fleshy fibres succeed, which end in an
aponeurosis which is inserted into the side and under surface of the crus penis.

This muscle compresses the crus penis, and thus serves to maintain the organ
erect.

The Transversus Perincei is a narrow muscular slip, which passes more or less

transversely across the back part of the perinaaal space. It arises by a small

tendon from the inner and fore side of the tuberosity of the ischium, and, passing

obliquely forwards and inwards, is inserted into the central tendinous point of the

perinseum, joining in this situation with the muscle of the opposite side, the

Sphincter ani behind, and the Accelerator urinag in front.

Between the muscles just examined, a triangular space exists, bounded internally

by the Accelerator urinss, externally by the Erector penis, and behind by the

Transversus perincei. The floor of this space is formed by the triangular ligament

of the urethra (deep perinteal fascia), and, running from behind forwards in it, are

the superficial perinaeal vessels and nerves, the transverse perineal artery coursing"

along the posterior boundary of the space, on the Transversus perincei muscle.

in the lateral operation of lithotomy, the knife is carried obliquely across the

back part of this space, downwards and outwards, into the ischio-rectal fossa,

dividing the Transversus perinasi muscle and artery, the posterior fibres of the

Accelerator urince, the superficial perinseal vessels and nerve, and more posteriorly

the external hasmorrboidal vessels.
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The superficial and transverse perineeal arteries are described at p. 405 ;

the superficial perineal and inferior pudendal nerves at pp. 552, 554.
The muscles of the perinasum in the female are, the

and

Sphincter vaginse.

Erector clitoridis.

Transversus perinaci.

Compressor urethrre.

Sphincter ani.

Levator ani.

Coccygeus.

The Sphincter Vaginre surrounds the orifice of the vagina, and is analogous to

the Accelerator urinas in the male. It is attached, posteriorly, to the central

tendon of the perinreum, where it blends with the Sphincter ani. Its fibres pass

forward on each side of the vagina, to be inserted into the corpora cavernosa and
body of the clitoris.

The Erector Clitoridis resembles the Erector penis in the male, but is smaller

than it.

The Transversus Perincei is inserted into the side of the Sphincter vaginse, and

the Levator ani into the side of the vagina. The other muscles are precisely

similar to those in the male.

The Accelerator luinse and Erector penis muscles should now be removed, when the
deep perineal fascia wiU he exposed, stretchiug across the front part of the outlet of the
pelvis. The urethra is seen perforating its centre, just hehind the hnlh ; and on either

side is the crus penis, connecting the corpus cavemosum with the ramus of the ischium
and pubes.

423.- -Deep Perinseal Fascia. On the left side, the anterior layer

has heen removed.

Anterior Lay.e:

The Deep Perinceal Fascia (triangular ligament), is a dense membranous

lamina, which closes the front part of the outlet of the pelvis. It is triangular

in shape, about an inch and a half in d-eptli, 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 pubes, beneath the crura penis. Its inferior
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margin, or base, is directed towards the rectam, and connected to the central

tendinous point of 'the perinasum. It is continuous with the deep layer of the

superficial fascia behind the TransversQS perinaei muscle, and with a thin fascia

which covers the cutaneous surface of the Levator ani muscle.

The deep perinseal fascia is perforated by the urethra, about an inch below the

symphysis pubis. The aperture is circular in form, and about three or four lines

in diameter. Above this is the aperture for the dorsal vein of the penis ; and,

outside the latter, the pudic nerve and artery pierce it.

The deep perinasal fascia consists of two layers, anterior and posterior : these

are separated above, but united below.

The anterior layer is continued forwards, around the anterior part of the mem-
branous portion of the urethra, becoming lost upon the bulb.

The posterior layer is derived from the pelvic fascia ; it is continued backwards

around the po.sterior part of the membranous portion of the urethra and the outer

surface of the prostate gland.

If the anterior layer of this fascia is detached on either side, the following parts

are seen between it and the posterior layer : the subpubic ligament above, close to

the pubes ; the dorsal vein of the penis ; the membranous portion of the urethra,

and the muscles of the urethra ; Cowper's glands and their ducts ; the pudic

vessels and nerve ; the artery arid nerve of the bulb, and a plexus of veins.

The Compressor Urethrai (constrictor urethree) surrounds the whole length of

the membranous portion of the urethra, and is contained between the two layers

of the deep perinseal fascia. It arises, by aponeurotic fibres, from the upper part

of the ramus of the pubes on each side, to the extent of half or three-quarters 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 raphe.

Circular Muscula/r Fibres surround tlie membranous portion of the urethra

from the bulb in front to the prostate gland behind ; they are placed immediately

beneath the transverse fibres already described, and are continuous with the cir-

cular fibres of the bladder. These fibres are involuntary.

Coviper's GloMds are situated immediately below the membranous portion of the

urethra, close behind the bulb, and below the artery of the bulb (p. 719).

The Fudic Vessels and Nerves are placed along the inner margin of the pubic

arch (p. 403).

The Artery of the Bulb passes transversely inwards,, from the internal pudic

along the base of the triangular ligament, between tlie two layers of fascia, accom-

panied by a branch of the pjudic nerve (p. 405).

If the posterior layer of the deep perinaeal fascia is removed, and the cms penis

of one side detached from the bone, the under and perinseal surface of the Levator

ani is brought fully into view. This muscle, with- the triangular ligament in front

and the Coccygeus and Pyriformis behind, closes in the outlet of the pelvis.

The Levator ani is a broad thin muscle, situated on each side of the pelvis.

It is 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 surface of the body and
ramus of the pubes, 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 downwards to the middle line of the

floor of the pelvis, and are inserted, the most posterior fibres into the sides of the

apex of the coccj'x ; those placed more anteriorly unite with the muscle of 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

mnscle, are inserted into the side of the rectum, blending with the fibres of the
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Sphincter mascles
; 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 perinasi muscles
at the tendinous centre of the pei'inasnm.

The anterior isortion is occasionally separated from the rest of the muscle by
cellular 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, it has

been described by Santorini and others as a distinct muscle, under the name of the

Levator prostatcB. In the female, the anterior fibres of the Levator ani descend

upon the sides of the vagina.

Belations. By its upper or pelvic surface with the recto-vesical fascia, which
separates it from the viscera of the pelvis and from the peritoneum. By its oider

or perincEol surface, it forms the inner boundary of the ischio-rectal fossa, and
is covered by a quantity of fat, and by a thin layer of fascia continued from the

obturator fascia. Its posterior harder is continuous with the Cocoygeus muscle.

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.

Aotimis. This muscle supports the lower end of the rectum and vagina, and
also the bladder during the efforts of expulsion.

The Coccygeus is situated behind and parallel with the preceding. It is a

triangular plane of muscular and tendinous fibres, arising, by its apex, from the

spine of the ischium and lesser sacro-sciatic ligament, and inserted, by its base,

into the margin of the coccyx and into the side of the lower piece of the sacrum.

This muscle is continuous with the posterior border of the Levator ani, and closes

in the back part of the outlet of the pelvis.

Relations. By its inner or pelvis surface, with the rectum. By its external

suifdce, with the lesser sacro-sciatic ligament. By its posterior border, with the

Pyriformis.

Action. The Coccygei muscles raise and support the coccyx, after it has been

pressed backwards during defa3cation or parturition.

Position of the Viscera at the Outlet of the Pelvis. Divide the central tBndinous point of the

periuasum, separate the rectum from its coimections 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 imder sm'face of the prostate gland, the neck and base of the bladder,

the vesiculaa seminales, and vasa deferentia wiU be exposed.

The Prostate Gland is placed immediately in front of the neck of the bladder,

around the prostatic portion of the urethra, its base being turned backwards, and
its under surface towards the rectum. It is retained in its position by the Levator

prostatse and by the pubo-prostatic ligaments, and is invested by a dense fibrous

covering, continued from the posterior layer of the deep perinceal fascia. The
longest diameters of this gland are in the antero-posterior direction, and trans-

versely at its base ; and hence the greatest extent of incision that can be made in

it without dividing its substance completely across, is obliquely outwards and

backwards. This is the direction in which the incision is made through it in the

operation of lithotomy, the extent of which should seldom exceed an inch in length.

The relations of the prostate to the rectum should be noticed ; by means of the

finger introduced into the gut, the surgeon detects enlargement or other disease of

this organ; he is enabled also, by the same means, to direct the point of a catheter

when its introduction is attended with much difficulty, either from injury or disease

of the membranous or prostatic portions of the urethra.

Behind the prostate is the posterior surface of the neck and base of the bladder

:

a small triangular portion of this organ is seen, bounded, in front by the prostate

gland; behind, by the recto-vesical fold of the peritoneum ; on either side, by the

vesicu-lse seminales and vasa deferentia ; and separated from direct contact with the

rectum by the recto-vesical fascia. The relation of this portion of the bladder to

the rectum is of extreme interest to the surgeon. In cases of retention of urine
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this portion of the organ is found pi-ojecting into the rectum, between three and
four inches from the mai'gin of the anus, and may be easily jserforated during life

without injury to any important parts ; this portion of the bladder is, consequently,

424.—A View of the Positiou of the Viscera at the Outlet of the Pelvis.
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frequently selected for the performance of the operation of tapjiing the bladder. If

the finger is introdnced into the bowel, the surgeon may, in some cases, learn the

position, as well as the size and weight, of a calculus in the bladder ; and in the

operation for its 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 up-

wards the base of the bladder from the rectum.

Twrts concerned in the Operation of Lithotomy. The triangular ligament must
be replaced and the rectum drawn forwards so as to occupy its normal position.

The student should then consider the position of the various parts in reference to

the lateral operation of lithotomy. This operation is performed on the left side

of the perinsBum, as it is most convenient for the right hand of the operator. A
staff having been introduced into the bladder, the first incision is commenced
midway between the anus and the back of the scrotum (i.e., in an ordinary adult

perinteum, about an inch and a half in front of the anus), a little on the left side

of the raphe, and carried obliquely backwards and outwards to midway between the

anus and tuberosity of the ischium. The incision divides the integument and
superficial fascia, the external hasmorrhoidal vessels and nerves, and the superficial

and transverse perineal vessels ; if the fore-finger of the left hand is thrust

upwards and forwards into the wound, pressing at the same time the rectum
inwards and backwards, the staff may be felt in the membranous portion of the

urethra. The finger is fixed upon the staff, and the structures covering it are

divided with the point of the knife, which must be directed along the groove
towards the bladder, the edge of the knife being carried 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
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withdrawn, and the fore-finger of the left hand passed along the staff into the
bladder : the staff having been withdrawn, and tlie position of the stone ascer-

tained, the forceps is introduced over the finger into the bladder. If the stone

is very large, the opposite side of the prostate may 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 cautions un-
dulating movements.

Parts divided in the operation. The various structures divided in this operation
are as follows :—the integument, superficial fascia, external hasmorrboidal vessels

and nerves, the posterior fibres of the Accelerator urinse, the Transversus perinasi

muscle and artery (and, probably, the superficial perinseal vessels and nerves), the

deep perinseal fascia, the anterior fibres of the Levator ani, part of the Compressor
urethrae, the membranous and prostatic portions of the urethra, and part of the

prostate gland.

425.—A Transverse Section of the Pelvis, showing the Pelvic Fascia.
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Parts to he avoided in the Operation. In making the necessary incisions in the

perinaBumi for the extraction of a calculus, the following parts should be avoided.

The primary incisions 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 entire 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 cellular tissue between

the bladder and rectum, instead of escaping externally ; diffuse inflammation is

consequently set up, and peritonitis from the close proximity of the recto-vesical

peritoneal fold is the consequence. If, on the contraiy, the prostate is divided in

front of the base of the gland, the urine makes its way externally, and there is

less danger of infiltration taking place.

During the operation it is of great importance that the finger should be passed
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into tlio bladder hefore tlie staff is removed ; if tliis is neglected, and if the incision

made through the prostate and neck of the bladder is too small, great diificalty

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 sufSoient to displace the bladder up 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.

426.—Side View of the Pelvic Viscera of the Male Subject, showing the Pelvic

and Periiia;al Fascise.

It is necessary to bear in mind that the arteries in the perinoeum occasionally

take an abnormal course. Thus the artery of the bulb, when it arises, as sometimes

happens, from the piudic opposite the tuber ischii, is liable to be wounded in the

operation for lithotomy, 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, esi^ecially in people advanced in life, are of

large size, and give rise, when divided, to troulalesome hemorrhage.

Pelvic Fascia.

The pelvic fascia (fig. 427) is a thin membrane which lines the whole of the cavity

of the pelvis, and is continuous with the transversalis and iliac fascias. It is attached

to the brim of the pelvis for a short distance at the side of the cavity, and to the

inner surface of the bone round the attachment of the Obtui'ator internus. At
the posterior border of this muscle, it is continued backwards as a very thin

membrane in front of the Pyriformis muscle and sacral nerves, behind the branches

of the internal iliac artery and vein which perforate it, to the front of the sacrum.

In front, it follows the attachment of the Obturator internus to the bone, arches

beneath the obturator vessels, completing the oriiice of the obturator canal, and
at the front of the pelvis is attached to the lower part of the symphysis pubis :

being continuous below the pubes with the fascia of the opposite side, so as to
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close the front part of the oiatlet of the pelvis, blending with the posterior layer

of the triangnlar ligament.. 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

427.—Pelvic Fascia.

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 internns 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. -J,,This fascia forms a canal for the pudic vessels and nerve in their pas-

sage forwards to the perinaaum, and is continnous with a thin membrane which

covers the perinteal aspect of the Levator ani muscle, called the iscMo-redal (anal)

fascia.

The recto-vesical fascia (visceral layer of the pelvic fascia) descends into the

pelvis upon the upper surface of the Levator ani muscle, and invests the prostate,

bladder, and rectum. From the inner surface of the symphysis pubis a short

I'ounded 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
the side, this fascia is connected to the side of the prostate, enclosing this gland

and the vesical prostatic plexus, and is continued upwards on the surface of the
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bladder, forming tlie lateral true ligaments of the organ. Another prolongation

invests the vesicate seminales, and passes across between the bladder and rectum,

being continuous with the same fascia of the opposite side. Another thin pro-

longation 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

upper surface of the muscle, while the under surface of the muscle is covered by
a thin layer derived from the obturator fascia, called the ischio-rectal or anal

fascia. In the female, the vagina jjerforates the recto-vesical fascia, and i-eceivcs

a prolongation from it.

i-^
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Abdomes-, 623 ; apeitures found in, 624

;

boundaries of, 623 ; lymphatics of, 460
;

muscles of, 249 ; regions of, 624 : viscera

of, 625
Alidominal aorta, 387 ; branches of, 390

;

surgical anatomy of, 389 ; muscles, 249
;

ring external, '250, 742, internal, 742

;

yiscera, position of, 625
Abducens nerve, 504
Abductor indiois muscle, 288
Abductor minimi digiti muscle, (hand) 287,

(foot) 320
Abductor poUicis muscle, (hand) 285, (foot)

319
Aberrant duct of testis, 725
Absorbent glands, 452
Absorbents, 452
Accelerator urinte muscle, 760
Accessorii orbicularis oris, 216
Accessorius ad sacro-lumbalem muscle, 245
Accessorius pedis, 321
Accessory obturator nerve, 548; palatine

canals, 51 ;
pudic artery, 404

Acervulus cerebri, 493
Acetabidum, 118
Acromial end of clavicle, fracture of, 290
Acromial nerves, 530 ; region, mu.scles of,

267 ; thoracic artery, 373
Acromio-clavioidar joint, 172
Acromion process, 89 ; fractur© of, 290
Actions of muscles. See each Groiip of

Muscles.

Adductor brevis muscle, 302 ; longus muscle,

302 ; magnus muscle, 302
;
poUicis muscle,

(hand) 287, (foot) 322
Adipose tissues, xlvi

Afferent vessels of kidney, 702
Aggregate glands, 638
Air-cells, 695
Air-sacs of lung, 695
Alse of vomer, 54
Alar ligaments of hnee, 194 ; thoracic artery,

373
Alimentary canal, 607 ; subdivisions of, 629
Allantois, cxvii, 711

Alveolar arteiy, 349
;
process, 47, 56

Alveoli of lower jaw, 56 ; of tipper jaw, 47
;

formation of, ©17 ; of stomach, 632
Amnion, cxvi

Amphiarthrosis, 148
Ampullae of semicircidar canals, 600 ; of

tubidi lactiferi, 739
Amygdalae, 618; of cerebellmn, 496
Anal fascia, 768
Anastomosis of arteries, 327
Anastomotica magna of brachial, 378 ; of

femoral, 415
Anatomical neck of humerus, 92 ; fracture

of, 290
Anconeus muscle, 281

Andersch, ganglion of, 521
Aneurisms of abdominal aorta, 389 ; of arch

of aorta, 332 ; of thoracic aorta, 386
Angle of jaw, 57 ; of pubes, 118 ; of rib, 80

;

sacro-vertebral, 13
Augidar artery, 344 ; movement, 150

;
pro-

cess, external, 27 ; internal, 27 ; vein, 428
Animal constituent of bone, Ivi

Ankle-joint, 197 ; relations of tendons and
vessels to, 198

Annular lig-ament of radius and ulna, 179

;

of wi-ist, anterior, 284
;

posterior, 284

;

of ankle, anterior, 317 ; external, 318

;

internal, 318 ; of stapes, 598
Annulus ovalis, 665
Anomalous muscle, 214
Anterior annular ligament, (wrist) 284,

(ankle) 317 ; chamber of eye, 584 ; crural

neiwe, 548 ; dental canal, 45 ; ethmoidal
cells, 41 ; fontanelle, 42 ; fossa of skull,

61 ; nasal spine, 48
;
palatine canal, 47,

66
;
palatine fossa, 47, 66 ; region of skull,

69; triangle of neck, 350
Antihelix, 591 ; fossa of, 591
Antitragicus muscle, 592
Antitragus, 591
Antrum of Highmore, 46
Anus, 757 ; development of, cxlviii ; muscles

of, 758
AoETA, 328 ; development of, cxxsvii ; abdo-

minal, 387 ; branches of, 390 ; surgical

anatomy of, 389
Aorta, arch of, 328 ; ascending part of,

329 ; branches of, 332 ; descending part of,

331
;
pecidiarities of, 331

;
peculiarities of

branches of, 332 ; sinuses of, 329 ; surgical

anatomy of, 332 ; transverse portion of,

330
Aorta, descending, 385 ; thoracic, 385, bran-

ches of, 386 ; surgical anatomy of, 886
'

Aortic opening of diaphragm, 260 ; of heart,

669
;
plexus, 665 ; semilunar valves, 669

;

sinuses, 669
Aponeurosis, 206 ; of deltoid, 267 ; of ex-

ternal oblique in inguinal region, 741

;

infra-spinous, 270; of occipito-frontalis,-

209 ; subscapidar, 268 ; of soft palate, 618
;

supraspinous, 269 ; vertebral, 242
Apophyses, hdii

Appendages of eye, 587 ; of skin, xoix ; of

uterus, 736
Appendices epiploicfe, 629
Appendix of right auricle, 664; of left

auricle, 668 ; vermiformis, 640
Aqua labyrinthi, 604
AquEeductus cochlete, 33, 602 ; vestibuli,

33, 600 ; Fallopii, 33, 595
; Sylvii, 493

Aqueous chamber, epithelial lining of, 585
;

humour, 584 ; secreting membrane of, 585
Arachnoid of brain, 471 ; of cord, 466
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Arantii corpoi'a, 667, 669
Arbor vitfe uteriiia, 734; vitae of . cerebel-

lum, 497
Arch of aorta, 328

;
peculiarities of, 331

;

branches of, 332 ; surgical anatomy, 332 :

of puhes, 121 ; of a vertebra, 2 ; supra-

orbital, 26 ; crural or femoral, 752
;
palmar

superficial, 382, deep, 379
;
plantar, 424

;

zygomatic, 68
Arches, pharyngeal, cxxvi ; aortic (foetal),

cxxxvii

Arciform fibres of medulla oblongata, 476
Area, germinal, cxiv

Areola of breast, 738
Arm, back of, muscles of, 273 ; front of,

muscles of, 271 ; arteries of, 374 ; bones
of, 91 ; fascia of, 271 ; lymphatic glands

of, 456 ; lymphatics of, 458 ; superficial,

267 ; nerves of, 532 ; veins of, 437
Arnold's nerve, 524 ; canal for, 83

;
ganglion,

519
Arteria centralis retinre, 357
A.rteriaB proprise renales, 702, 706
ArteriiB receptaculi, 355
Arteries, development of, cxxxvii

Arteries, General Anatomy of, Ixxxvi ; ana-
stomoses of, 327 ; capillary, Ixxxix ;

distri-

bution of, 327 ; mode of division, 827

;

mode of orighi of branches, 827 ; nerves

of, Ixxxviii ; sheath of, Ixxxviii ; structure

of, Ixxxvi ; subdivision of, 327 ; systemic,

327 ; vessels of, Ixxxviii

Arteries or Arieet, accessory pudic, 404

;

acromial thoracic, 873 ; alar thoracic,

373 ; alveolar, 349 ; auastomotica mag-
na of brachial, 378 ; of femoral, 415

;

angular, 844 ; anterior cerebral, 359
;

anterior choroid, 859 ; anterior ciliary,

357 ; anterior cominimicatiug, 359 ; an-

terior intercostal, 387 ; anterior spinal,

365 ; aorta, 328 ; abdominal, 387 ; arch

of, 328, ascending part, 329, descending
part, 831, transverse poi-tion, 330, tho-

racic, 386 ; articular, knee, 417 ; ascend-

ing cei-vical, 366
;
pharyngeal, 345 ; au-

ditory, 366, 605 ; auricular anterior, 346

;

posterior, 345 : axillary, 370 ; azj'gos of

knee, 418
basUar, 365 ; brachial, 374 ; bronchial, 887,

695 ; buccal, 349 : of bulb, 405
calcanean internal, 424 ; carotid common,

335, external, 339, internal, 353 ; carpal

ulnar, 885 ; carpal radial, 381 ; of ca-

vernous bodj^, 405 ; centralis retinse,

357 ; cerebellar, 865 ; cerebral, 358,

366 ; ascending cervical, 366 ; ascending
pharyngeal, 345 ; superficial, 367

;
prin-

ceps, 345
;
profimda, 369

;
choroid an-

terior, 359
;
posterior, 366 ; ciliary, 357;,

circle of Willis, 866 ; circumflex of

arm, 373 ; of thigh, 414 ; iliac, 409 ; super-

ficial, 413 ; cochlear, 605 ; coccygeal,

406 ; colica dextra, 393 ; media, 894

;

sinistra, 395 ; cosliac axis, 390 ; comes
nervi ischiadici, 406

;
pkrenici, 868

;

common carotid, 335 ; iliac, 398 ; com-
municating anterior cerebri, 359

;
pos-

terior cerebri, 359 ; communicating
branch of ulnar, 885 ; coronary of heart,

333 ; of lip, 843 ; cremasteric, 409

;

crioo-thyroid, 340 ; cystic, 391

Arteries or Artery (continued)

deep branch of ulnar, 886; cervical, 369;
palmar arch, 882 ;' temporal, 349 ; de-

ferent, 402 ; dental inferior, 348 ; supe-

rior, 349 ; descending aorta, 385
;
pala-

tine, 350 ; digital plantar, 425 ; digital

of ulnar, 385 ; dorsal of penis, 405 ; of

scapula, 373 ; dorsalis hallucis, 421 ; in-

dicis, 381, linguEe, 341, pedis, 420, polli-

cis, 381
epigastric, 408 ; superior, 868, superficial,

413 ; ethmoidal, 357 ; external carotid,

339, plantar, 424, iliac, 407
facial, 342 ; femoral, 409 ; deep, 413

;

frontal, 857
gastiic, 390, 392

;
gastro-duodenalis, 391

;

gastro-epiploica dextra, 391
;
gastro-epi-

ploioa sinistra, 393
;
gluteal, 407 ; infe-

rior, 407
heUcine, 720 ; hcemorrhoidal external, 405,

middle, 402, superior, 395 ; hepatic, 390
;

hyoid branch of lingual, 341, of superior

thvi'oid, 340 ; hj'pogastric in foetus,

401,673
ileo-colic, 393; iliac common, 398, external,

407; internal, 400; ilio-lumbar, 406;
inferior cerebellar, 365, dental, 348,

labial, 843, larjTigeal, 840, mesenteric,

894, profunda, 378, pyloric, 391, thy-

roid, 366 ; infraorbital, 349 ; innomi-
nate, 338, intercostal, 387 ; anterior, 808

;

superior, 868 ; internal auditory, 605

;

carotid, 353 ; iliac, 400 ; mammary, 368

;

maxillary, 847
;

plantar, 424 ; interos-

seous ulnar, 384 ; of foot, 421 ; of hand,

381, 382 ; intestini tenuis, 393
labial inferior, 343 ; lachrymal, 356 ; la-

rpigeal superior, 840, inferior, 340
;

lateral sacral, 407, spinal, 365, lateralis

nasi, 844 ; lingual, 341 ; long ciliary,

357, thoracic, 373 ;
lumbar, 397

malleolar, 420; mammary internal, 868;
masseteric, 349 ; maxillar}' internal,

347 ; median of fore-arm, 384, of spinal

cord, 365 ; mediastinal, 368
;
posterior,

387 ; meningeal anterior, 855, middle,

348, small, 848 ; from occipital, 845

;

from pharyngeal, 346; from vertebral,

865 ; mesenteric inferior, 394, superior,

393 ; metacarpal, 881 ; metatarsal, 421

;

middle cerebral, 359 ; sacral, 897

;

musculo-phrenic, 868 ; mylo-hyoid, 349
nasal, 350, of ophthalmic, 357, of septum,

344; nutrient of humerus, 378 ; femur,

415; fibula, 424; radius, 384; tibia, 424;
ulna, 384

obturator, 402 ; occipital, 344 ; oesopha-

geal, 387 ; ophthalmic, 855 ; orbital,

348 ; ovarian, 396
palatine, ascending, 348, descending, 850,

> posterior, 350, of pharj'ngeal, 346
;
pal-

mar arch, superficial, 382, deep, 379;
palmar interossei, 382

;
palpebral, 357

;

pancreatic, 392
;
pancreatico-duodenalis,

391, inferior, 398; perforating, of hand,

382, of thigh, 414, of foot, 424, of inter-

costal, 868, plantar, 424; pericardiac,

868, 386; perinasal, superficial, 405,

transverse, 405
;
peroneal, 423, anterior,

424 : pharyngea ascendens, 345 ;
phre-

nic, 396 ;
popliteal, 416 ;

posterior au-
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Aetekies oe Aeteet (continued)

riciilar, 345, cerebral, 306, comiiumicat-

ing, 359, meniugeal, from vertebral, 360,
palatine, 350

;
princeps cervicis, 345,

poUicis, 381
;
profunda of arm, inferior,

378, superior, 377, cervicis, 369, femoris,

411, 413; pterygoid, 349; pterygo-

palatine, 350 ;
pudic, deep external, 413

;

superficial external, 413, internal, 403
;

pulmonary, 425, 695
;

pyloric, inferior,

391 ; of hepatic, 391
radial, 378 ; radialis indicis, 382 ; ranine,

341 ; recurrent interosseous, 385, radial,

380 ; ulnar anterior, 383, posterior, 383
;

tibial, 422 ; renal, 396
sacral lateral, 407 ; middle, 397 ; scapular

posterior, 367 ; sciatic, 405 ; abort ci-

liary, 357 ; sigmoid, 395 ; spermatic,

396, 722 ; spbeno-palatine, 350 ; spinal

anterior, 365 ; lateral 365
;

posterior,

365 ; median, 365 ; splenic, 392 ; sterno-

mastoid, 340 ; stylo-mastoid, 345 ; sub-

clavian, 359 ; sublingual, 341 ; sub-

maxillary, 343
;

submental, 343 ; sub-

scapular, 873 ; superficial cervical, 367
;

circumflex iliac, 418
;

perinteal, 405
;

palmar arch, 382 ; superficialis voice,

380 ; superior cerebellar, 866, epigastric,

868, htemorrhoidal, 395, iatercostal, 368,

laryngeal, 340, mesenteric, 393, profunda,

377, thoracic, 373, thyroid, 340 ; supra-

orbital, 357, suprarenal, 396, supra-

scapular, 366 ; sural, 417
tarsal, 421 ; temporal, 846, anterior, 346

;

deep, 349, middle, 346, posterior, 346

;

thoracic, acromial, 373, alar, 373, aorta,

386, long, 373, superior, 373; thyroid

axis, 366 ; thyroid inferior, 866 ; middle,

333, 334, 697 ; superior, 340 ; tibial ante-

rior, 418, posterior, 422, recurrent, 420
;

tonsillar, 343 ; transverse facial, 846

;

transversalis colli, 367 ;
tympanic, from

internal carotid, 855, from internal

maxillary, 348
ulnar, 382 ; recurrent anterior, 383, pos-

terior, 383 ; umbilical in foetus, 401, 678

;

uterine, 402
vaginal, 402 ; vasa aberrantia, of ann, 376,

brevia, 392 ; intestini tenuis, 893 ; ver-

tebral, 364 ; vesical inferior, 402, middle,

402, superior, 402 ; vestibular, 605

;

Vidian, 350
Arteriolffi rectte, 706
Arthrodia, 148
Articidar arteries (knee), from popliteal,

417
Articular cartUage, xlix

Articular lamella of bone, 146
;
processes of

vertebrae, 3

Aeticulaxions in general, 146 ; different

Irinds of, 149
acromio-claviciilar, 172 ; ankle, 197 ; astra-

galo-calcanean, l99 ; astragalo-scaphoid,

201 ; atlo-axoid, 155
calcaneo-astragaloid, 199 ; calcaneo-cuboid,

200 ; calcaneo-scaphoid, 201 ; carpo-

metacarpal, 185; carpal, 182, classifica-

tion of, 147 ; coccygeal, 168 ; costo-

sternal, 164 ; costo-transverse, 162
;

costo-vertebral, 161
elbow, 176

Aeticflations {continuecT)

femoro-tibial, 191
hip, 188
immoveable, 147
knee, 191

metacai-pal, 185 ; metacarpo-pLalaiigeal,

187; metatarso-phalangeal, 203; meta-
tarsal, 203 ; mixed, 148; moveable, 148

;

movements of, 150
OGcipito-atloid, 158 ; occipito-axoid, 158
pelvis, 167

;
pelvis with spine, 166

;
pha-

langes, 187
;
pubic, 169

radio-carpal, 180; radio-ulnar, inferior,

180, middle, 179, superior, 179
sacro-coccygeal, 169 ; sacro-Uiac, 167

;

sacro-sciatic, 167 ; sacro-vertebral, 166
;

scapulo-clavicular, 172 ; scapulo-hume-
ral, 174 ; shoidder, 174 ; sterno-clavicu-

lar, 170 ; of sternum, 165
tarso-metatarsal, 202 ; tarsal, 199 ; tem-

poro-maxillary, 159 ; tibio-fibular, in-

ferior, 196, middle, 196, superior, 196,

of tympanic bones, 597
vertebral column, 151
wrist, 180

Arvtasno-epiglottideus superior, 683, inferior,

683
Arytseno-epigiottidean folds, 683
Arytenoid cartilages, 678

;
glands, 684

Arytenoid muscle, 682
Ascending colon, 641
Ascending palatine artery, 348

;
pharyngeal

artery, 345
Astragalus, 137 ; development of, 143
Atlas, 4 ; development of, 11
Atlo-axoid articulation, 165
Atrabiliary capsules, 709
AttoUens aurem muscle, 209
Attrahens aurem muscle, 209
Auditory artery, 605 ; veins, 605
Auditory canal, 593
Auditory meatus, external, 31, internal, 32

;

nerve, 502, 605
;
process, 32

Auricle of ear, 591 ; cartilage of, 591 ; liga-

ments of, 591
Auricle of heart, left, 667, appendix of, 664,

668 ; sinus of, 668 ; right, 664, openings
in, 665, valves in, 665, sinus of, 664,
septum of, 663, 668

Auricular artery, posterior, 345, anterior,

346; fissure, 33, 66; lymphatic glands,

454 ; nerve of vagus, 524
;
posterior, from

facial, 507 ; veins, anterior, 430, posterior,

430 ; surface of saormu, 14
Auricularis magnus nerve, 530
Auriculo-temporal nerve, 518
Auriculo-ventricirlar groove of heart, 663

;

opening, left, 668 ; opening, right, 665
Axes of the pelvis, 121
Axilla, 369 ; dissection of, 262
Axillary artery, 370

;
peculiarities, 372 ; sur-

gical anatomy of, 372 ; branches of, 373
;

lymphatic glands, 457 ; space, 369 ; vein,

439
Axis, or second vertebra, 5 ; development

of, 11

Axis, cerebro-spinal, 465 ; cceliac, 390 ; thy-
roid, 866

Axis-cylinder of nerve-tubes, Ixx

Azygos artery, articular, 418 ; veins, 441

;

uvulse muscle, 234
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Back, muscles of, first layer, 238 ; second

layer, 241 ; third layer, 242 ; fourth layer,

243 ; fifth layer, 246
Ball-and-socket joint. See Enarthrodia
Bartholine, duct of, 621

;
gland of, 730

Base of brain, 482 ; of skull, 61 ; external

surface, 64, internal surface, 61
Basilar artery, 365 ; membrane of cochlea,

602
;
process, 21 ; suture, 60

Basilic vein, 437 ; median, 438
Basio-glossus muscle, 229
Basis vertebrarum vense, 442
Bauhin, valve of, 640
Beale, Dr., on terminations of motor nerves,

Ixxxv ; his researches on the liver, 650
Bend of elbow, 375
Biceps muscle of arm, 272 ; of thigh, 308
Bicipital groove, 92
Bicuspid teeth, 610
Biliary ducts, 650, 652

;
glands of, 653

;

structure of, 653
Biventer cervicis muscle, 246
Bladder, 710 ; ligaments of, 712 ; trigone

of, 714 ; vessels and nerves of, 714 ; female,

731
Blastodermic membrane, ex
Blood, General Anatomy of, xxxvii

;
glo-

bules, xxxvii

Blood, circulation of, in adult, 663 ; in foetvis,

674
Bochdalek, ganglion of, 515 ; on musculus

triticeo-glossus, 683 note

Body of a tooth, 609 ; ot a vertebra, 3

Bone, General Anatomy of, lu ; animal con-

stituent of, Ivi ; apophyses of, Ixiii ; arti-

cidar lamella of, 146 ; canaliculi of, liv

;

cancellous tissue of, lii ; cells, Iv ; chemical

analj'sis of, Ivi ; compact tissue of, lii

;

diploe of, 1
;
development of, Ivii ; earthy

constituent of, Ivi ; eminences and depres-

sions of, ii ; epiphyses of, Ixii', growth of,

\x ; Haversian canals of, liv, systems of,

ly, spaces of, Iv ; inorganic constituent of,

Ivi ; lacunae of, liv ;
lamellEe of, liv ; lym-

phatics of, liii ; marrow of, lii ; medullary
canal of, liii, 1 ; medullary membrane of, liii

;

microscopic appearances, liv; nerves of,

liii ; organic constituent of, Ivi ; ossifica-

tion of, Ivii; ossific centres, number of,

Ixii
;
periosteum of, lii ; spongy tissue of,

1 ; vessels of, liii

Bones, forms of, viz. long, short, flat, mixed,
irregular, 1 ; number of, in the body, 1

Bones or Bone, Descriptive Anatomy of, 1

;

astragalus, 137 ; atlas, 4 ; axis, 6
calcaneum, 134 ; carpal, 103 ; clavicle, 84

;

coccyx, 16 ; cranial, 19 ; cuboid, 136
;

cuneiform of carpus, 104 ; of tarsus, 139
ear, 596 ; ethmoid, 39
facial, 43 ; femur, 122 ; fibula, 132 ; fron-

tal, 26
hand, 103 ; humerus, 91 ; hyoid, 74
ilium, 113 ; incus, 697 ; inferior maxillary,

• 55; turbinated, 53; innominate, 112;
ischium, 115

lachrymal, 48; lesserlachi-vmal,49; lingual,

74
magnum, 108 ; malar, 49 ; malleus, 597

;

maxiUary, inferior, 55; superior, 44;
metacarpal, 109 ; metatarsal, 141

nasal, 43

Bones oe Bone {continued)

occipital, 20 ; orbicidar, 597
palate, 51

;
patella, 127

;
parietal, 23

;

pelvic, 119; phalanges, of foot, 143, of

hand. 111
;
pisiform, 106; pubic, 117

radius, 101 ; ribs, 79
sacrum, 12 ; scaphoid of carpus, 104, of

tarsus, 139 ; scapula, 86 ; semilunar,

104 ; sesamoid, 143 ; sphenoid, 84

;

sphenoidal spongy, 38 ; stapes, 597

;

sternum, 75 ; superior maxillary, 44
tarsal, 134 ; temporal 29 ; tibia, 128 ; tra-

pezium, 106 ; trapezoid, 106 ; triquetral,

42; turbinate, superior, 41, middle, 41,

inferior, 53 ; tympanic, 34
ulna, 96 ; unciform, 108
vertebra dentata, 5, prominens, 6 ; ver-

tebra cervical, 3, dorsal, 6, lumbar, 9

;

vomer, 54
Wormian, 42

Bone, articular lamella of, 146
Bowman, on structure of kidney, 703
Brachia of optic lobes, 493
Brachial artery, 374, branches of, 377, pecu-

liarities of, 375, surgical anatomy of, 376

;

lymphatic glands, 457
;

plexus, 532 ; re-

gion, posterior, muscles of, 281, 282 ; ante-

rioi', 274, 277 ; veins, 438
Brachialis anticus muscle, 272
Brain, General Anatomy of, Ixxii ; develop-

ment of, cxxviii

Brain, 472 ; base of, 482 ; dura mater of,

470; interior of, 485; lobes of, 479;
membranes of, dissection, 469 ; subdi-vision

into parts, 472 ; upper surface of, 478

;

weight of, 473
Beaunis et Botjchard, table of develop-
ment of foetus from, cl

Breasts, 738
Brim of pelvis, 119
Broad ligaments of uterus, 733 ; forma,tion of,

626
Bronchi, right and left, 685, septum of, 685,

in lung, 693
Bronchial arteries, 387, 695 ; lymphatic

glands, 464 ; septum, 685 ; veins, 442,

696 ; tubes, see Bronchi
Brunner's glands, 637
Bubonocele, 747
Buccal arteries, 349

;
glands, 608 ; lympha-

tic glands, 454 ; nerve of facial, 508, of

inferior maxillary, 517 ; veins, 429
Buccinator muscle, 217
Bulb, artery of, 405 ; of corpus cavernosum,

719 ; of corpus spongiosum, 719 ; olfac-

tory, 501
Bulbi vestibidi, 731
Bulbous portion of urethra, 715
Bulbs of the fornix, 484
Burns, ligament of, 751
^Bursas mucosae, 147
Bm'sal synovial membranes, 147

Bursje of shoulder, 175; of ham, 416

OaBcum, 6.39

Calamus scriptorius, 474
Calcanean arteries, internal, 424
Oalcaneo-astragaloid ligaments, 199

Oalcaneo-cuboid ligaments, 200
Calcaneo-scaphoid ligaments, 201
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Calcaneum, ].j4

Oalices of kidney, 707
Callender, Mr., researches on femoral hernia,

750
Oamjjer's ligament. See Triangular ligament

of Urethra
Canals oa Canal, accessory palatine, 51

;

alimentary, 607 ; anterior dental, 45
;
pala-

tine, 47 ; for Arnold's nerve, 33 ; auditory,

593; carotid, 32, 33; central of modiolus,

601; forchordatympani,30,594; ofcochlea,

603 ; crural, 753 ; dental posterior, 44

;

ethmoidal, 28 ; femoral, 753 ; Haversian, of

hone, liv ; incisive, 66 ; inferior dental, 57
;

infra-orhital, 45 ; inguinal, 744 ; for Jacoh-
son's (tympanic) nerve, 33 ; lachi'jrmal,

690 ;
naso-palatine, 47 ; of Nuck, 728, 738 ;

of Petit, 586
;
portal, 648'; palatine, pos-

terior, 51 ; anterior, 47
;
pterj'go-palatine,

36; sacral, 15; spermatic, 744; of spinal

cord, Ixxvii ; spiral of cochlea, 601 ; of

modiolus, 602 ; semicircidar, 600 ; for tensor

tympani, 33, 506 ; temporo-malar, 50 ; ver-

tebral, 19 ; Vidian, 88 ; of Wirsung, 655
Canaliculi of bone, liv ; of eyelids, 590
Canalis spiralis modioli, 602
Cancellous tissue of hone, 1, lii

Canine eminence, 44 ; fossa, 44 ;
teeth, 610

Cauthi of eyelids, 587
Capillaries, Ixxsix
Capsular ligament of hip, 189 ; of knee, 193

;

of shoidder, 174 ; of thumb, 185 ; of ver-

tehr£e, 154
Capsule of Glisson, 648 ; of lens, 5.85 ; in

foetus, csxxii ; of kidney, 701
Capsides, suprarenal, 708
Caput cornu posterioris, Ixxv; gallinaginis,

715
Cardiac lymphatics, 464 ; nerves, 662 ; from

pneumogastric, 525 ;
plexus of nerves,

deep, 562 ; superficial, 563 ; veins, 450
Cardinal veins, foetal, cxxxix
Carotid artery, common, 335 ; branches of

(occasional), 338
;

peculiarities of, 337

;

surgical anatomy of, 338 ; external, 339
;

branches of, 340 ; sm'gical anatomy of,

339 ; internal, 853 ; branches of, 355
;
pe-

culiarities of, 355 ; surgical anatomy, 355
Carotid branch of Vidian, 517
Carotid canal, 32, 83

;
ganglion, 560

;
plexus,

560 ; triangle inferior, 350 ; triangle superior,

351
Carpal arterias, from radial, 381 ; from ulnar,

385 ; ligaments, 183
Carpo-metacarpal articulations, 185
Carpus, 108 ; development of. 111 ; articu-

lations of, 182

Caetilaqb, General Anatomy of, xlviii ; cos-

tal, xlix ; articular, xlix ; fibrous, 1 ; inter-

cellular substance of, xlviii : reticular, li

;

temporary, xlviii

Caetilasb, Descriptive Anatomy

:

arytenoid, 678 ; of auricle, 501

of bronchi, 686
costal, xlix, 82 ; cricoid, 677 ; cuneiform,

678
of ear, 591, 598, 696; ensiform, 77; of

epiglottis, 678
of larynx, 676
of the nose, 673
of the pinna, 591

Cartilage, Descriptive Anatomy (continued)
of Santorini, 678 ; semilunar of knee, 193

;

of septum of nose, 578
tarsal, 587 ; thyroid, 676 ; of trachea, 685
of Wrisherg, 678
xiphoid, 77

Cartilago triticea, 679
Caruncula lachrymalis, 589 ; mamillaris, 501
Oarunculfe myrtiformes, 730
Oasserian vel Gasserian

Cauda eqiuna, 550
Cava inferior, 446

;
peculiarities, 447 ; supe-

rior, 441
Cavernous body, artery of, 405

;
groove, 35

;

nerves of penis, 568
;
plexus, 560 ; sinus,

435 ; nerves in, 605
Cavities of reserve (teeth), 616
Cavity, cotjioid, 117

;
glenoid, 90 ; of pelvis,

119 ; sigmoid, 98
Cells, xliii ; of bone, Iv ; ethmoidal, 40

;

mastoid, 31 ; of Corti, 603 ; of Deiters,

603
Oelhilar tissue, lymphoid, xlvi ; mucoid, xlvi

;

retiform, xlvi

Cement of teeth, 613 ; formation of, 615
Centres of ossification, Ixii

Centrum ovale majus, 485 ; minus, 486
Cephalic vein, 438 ; median, 438
Cerebellar arteries, anterior, 866 ; superior,

866 ; inferior, 865 ; veins, 434
Oerehelli incisura, anterior, 495; posterior,

495
Cerebellum, 495 ; corpus deiitatum of, 497

;

hemispheres of, 495 ; laminte of, 497
;

lobes of, 496 ; lobmlus centralis of, 495
;

median lobe of, 495
;
peduncles of, 497

;

structm-e of, 497; under surface of, 496

;

upper surface of, 495 ; the valley of, 496
;

ventricle of, 408 ; weight of, 495
Cerebral arteries, 358 ; anterior, 369, middle,

359, posterior, 366 ; convolutions, 478

;

lymphatics, 455 ; veins, 433 ; ventricles, 487
Ceeebeo-spinal Axis, 465 ; fluid, 472

;

nerves, Ixxviii

Ceeebeum, 472, 478 ; base of, 482 ; com-
missures of, 492 ; convolutions of, 478

;

crura of, 484 ; fibres of, 494 ; fissm'es of,

480
;
general arrangement of its parts, 485

;

grey matter of, Ixxii, 478 ; hemispheres of,

478; interior of, 486; labia of, 486; lobes

of, 479
;
peduncles of, 484 ; structure of,

494 ; sulci, 478 ; under surface, 482 ; upper
surface, 478 ; ventricles of, 485, 498

Ceruniinous glands, 594
Cervical artery, ascending, 366; superficial,

367 ;
princeps, 845

;
profunda, 869

Cervical fascia, 221

Cervical ganglion inferior, 561, middle, 661,

superior, 560
Cervical lymphatic glands, deep, 456, super-

ficial, 455
Cervical nerves, 528, anterior branches of,

529, posterior branches of, 631, roots of,

528
Cervical plexus, 529, deep branches of, 630,

posterior, 631 ; superficial branches of, 580
Cervical veins, transverse, 431 ; vertebra, 3
Cervicalis asoendens muscle, 245
Cervico-facial nerve, 508
Cervix cornu posterioris, Ixxv ; uteri, 733
Chambers of the eye, 584
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Olieok ligaments, 158
Cheek, muscles of, 216
Cheeks, structm'e of, 608
Chest, muscles of front, 263, side, 266
Ohiasma, or optic commissure, 502
Ohondro-glossus muscle, 229
Chorda dorsalis, cxiv, cxxiii

Chorda tympani nerve, 507, 599
Chordae tendinece, of right ventricle, 686 ; of

left, 669; vocales, 6S0 ; Willisii, 434
Chorion, cxix

Choroid arteries, anterior, 369
;

posterior,

366 ; coat of eye, 579
;
plexus of lateral

ventricle, 488 ; of fourth ventricle, 498

;

of third ventricle, 492 ; veins of brain, 433
Chyle, xli

Chyli receptaculum, 453
Cilia, or eyelashes, 588
Ciliary arteries, 357, 587

;
ganglion, 513

;

ligament, 581 ; muscle, 581 ; nerves, long,

512
;
processes of eye, 580

Circle of WiUis, 366
Circular sinus, 436
Circulation of Mood in adult, 603, in foetus,

674
Circumduction, 150
Circumferential flbro-cartUage, li

Circumflex artery of arm, anterior, 374

;

posterior, 373; of thigh, external, 414;
internal, 414 ; iliac artery, 409 ; super-

ficial, 413 ; iliac vein, 445 ; superficial,

444 ; nerve, 535
Circumflexus palati muscle, 233
Clarke, Lockhart, his researches ou the brain,

Ixxiii ; spinal cord, Ixxv

Clavicle, 84 ; development of, 86 ; fi'acture

of, 289
Clavicular nerves, 530
Olinoid processes, anterior, 37 ; middle, 35

;

posterior, 35
Clitoris, 780 ; frtenum of, 730 ; lymphatics

of, 461 ; muscles of, 730, 762
;
prepuce of,

730
Cloaca, cxlviii

Coccygeal artery, 406; gland, 397 ; nerves,

561
Coccygeus muscle, 764
Coccyx, 16 ; development of, 17
Cochlea, 601 ; arteries of, 605 ; central axis

of, 601 ; cupola of, 601 ; denticulate lamina
of, 602 ; infundibulum of, 601 ; lamina
spiralis of, 601 ; membranous zona of,

602 ; nerves of, 606 ; osseous zone of, 602
;

scalfe of, 602 ; spiral canal of, 601 ; veins

of, 605
Cochlear artery, 605 ; nerve, 606
Cochlearis muscle, 602
Coohleariform process, 596
Ooeliac axis, 390

;
plexus, 565

Colica dextra arterj^, 393 ; media, 394 ; sinis-

tra, 395
Collateral circulation. Sec Surgical Anatomy

of each artery

Collecting tubes of kidnej', 704
CoUes's fracture, 292
Colon, 641
Columella cochleae, 601

Columnte carnete of left ventricle, 669, of
right ventricle, 667; papillares, 667, 669

Oolumna nasi, 672
Columnar layer of retina, 582

Column, posterior vesicular, of .spinal cord,

Lxxv
Columns of abdominal ring, 742; of medulla

oblongata, 475 ; of spinal cord, 468 ; of
vagina, 732

Comes nervi ischiadici artery, 406
;
phrenici

artery, 368
Commissura, simplex, of cerebellum, 496

;

brevis, of cerebellum, 496
Commissm'es of flocculus, 496 ; optic, 602
Commissures of brain, anterior, 492 ; middle

or soft, 492; posterior, 493 ; of spinal cord,

grey, 469 ; white, 469
Common ligaments of vertebrse, 151
Conummicans noni nerve, 531

;
peroaei, 556

Communicating artery, of brain, anterior,

359, posterior, 369: from dorsalis pedis,

421 ; from ulnar, 385
Compact tissue of bone. Hi, 1

Complexus muscle, 246
Compressor narium minor, 214 ; nasi, 214

;

sacculi laryngis, 683 ; urethrse, 763
Conception, where effected, cix

Conariiun, 493
Concha, 591
Condyles of bones. See Bones
Cond3'loid foramina, 22 ; fossfe, 21

;
proces,s,

57 ; veins, posterioi-, 435
Congenital fissures in cranium, 43 ; hernia,

747
Conglobate glands, 452
Ooui vasculosi, 725
Conjoined tendon of internal oblique and

transversals, 252, 743
Conjunctiva, 589
Connecting fibro-cartilages, li

Conoid ligament, 173
Constrictor inferior muscle, 231 ; medius,

231 ; superior, 231 ; isthmi faucium, 234

;

urethras, 763
Oonus arteriosus, 666
Convolution of corpus callosum, 479 ; of

longitudinal fissure, 479 ; supraorbital, 479
Convolutions of cerebrum, structure of, Ixxiii,

478
Coraco-acromial ligament, 174 ; coraco-

brachialis muscle, 271 ; coraco-clavicular

ligament, 172; coraco-humeral ligament,

175
_

Coracoid ligament, ] 74
;

process, 90 ;
pro-

cess, fracture of, 290
Cord, spermatic, 722 ; umbilical, cxx
Cordiform tendon of diaphragm, 260
Corium of slrin, 670
Cornea, 577
Cornicula laryngis, 678
Cornu Ammonis, 489
Cornua of the coccyx, 17 ; of hyoid bone, 74

;

of the sacrum, 14 ; of thyroid cartilage, 677
Corona glandis, 718; radiata, 494
C/oronal suture, 60
Coronaria ventriculi artery, 390
Coronary arteries of lip, 343 ; arteries of

heart, 333
;

peculiarities, 333 ; ligament
of liver, 646 ; ligaments of knee, 194

;

plexus, anterior, 563
;
posterior, 563 ; sinus,

450 ; opening of, 665 ; valve, 666
Coronoid depression, 96 ;

process of jaw, 57

;

of ulna, 98 ; fracture of, 291
Corpora albicantia, 484 ; Arantii, 667, 669

;

cavernosa peni.s, 719 ; crura of, 719 ; caver-
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nosa clitoridis, 730
;
genioiilata, 494 ; oli-

vai'ia, 474 ;
pyramidalia, 474

;
quadri-

gemina, 493 ; restiformia, 474 ; striata,

488, -veins of, 433
Corpus callosuin, 482, 485, conyolution of,

470 ;
g-enu of, 486, pedimcles of, 482,

ventricle of, 485; deiitatum of cerebellum,
4!I7 ; of olivary body, 475 ; tLmbriatiuu,

4S8 ; Highuiorianum, 724 ; luteum, 737
;

spongiosum, 719
Corpus cavernosum, artery of, 405
Corpuscles, blood, xxxvii
Corpuscles, Malpigliian, of kidney, 702 ; of

spleen, CoS
Corrugator supercilii muscle, 210
Corti, cells of, 603; membrane of, 002; organ

ot:, 603
Cortical columns, 702 ; cortical arches, 702
Cortical substance of brain, 478 ; of kidney,

702 ; of suprarenal capsules, 709 ; of teeth,

613
Costal cartilages, 82; connection with ribs, 105
Oosto-clavicuiar ligament, 171 ; costo-cora-

coid fascia, 265 ; costo-sternal articula-

tions, 164; costo-trausverse articulations,

162 ; costo-vertebral articulations, 161

;

costo-vertebral ligaments, 101 ; costo-

xiphoid ligaments, 165
Cotimnius, nerve of, 516
Cotyloid cavity,117; ligament,190; notch, 117
Coverings of direct inguinal hernia, 747 ; of

femoral hernia, 756 ; of oblique, 746
; of

testis, 721
Cowper's glands, 718, 763
Cranial bones, 19 ; articidations of, 59
Cranial fossie, 61

Ceaniai Neeves, 500, first pair, 500, second,

501, third, 503, fourth, 503, tifth, 510,

sixth, 504, seventh, soft portion, 502, hard
portion, 505, eighth, glosso-pharyngeal,

520 ; vagus, 523 ; spinal accessory, 522
;

ninth, 508
Cranial sutures, 59
Cranium, 19 ; development of, 41 ; congeni-

tal fissures in, 43 ; lymphatics of, 455
Cremaster muscle, 743 ; formation of, 744
Cremasteric artery, 409 ; fascia, 744
Crest, frontal, 27 ; of ilitim, 115 ; nasal, 44;

occipital, 20; internal, 21; turbinated, of

palate, 51 ; of superior maxillary, 47 ; of

pubes, 117 ; of tibia, 130
Cribriform fascia, 750, plate of ethmoid, 39
Crico-arytsenoideus lateralis muscle, 682

;

posticus muscle, 681
Crico-thyroid artery, 340

;
membrane, 679

;

muscle, 681

Cricoid cartilage, 677
Crista galli, 39 ; ilii, 115

;
pubis, 117

Crown of a tooth, 609
Crucial ligaments of knee, 103
Crura cerebri, 484 ; of corpora cavernosa,

719; cerebelli, 497; of clitoris, 730; of

diaphragm, 260 ; of fornix, 490
Crureus muscle, 300
Crural arch, 742, 752, deep, 753 ; canal, 753

;

nerve, anterior, 548 ; ring, 754 ; sheath,

753 ; septum, 755
Crus penis, 719
Crusta petrosa of teeth, 613
Crypts of Lieberkiihn, 637
Crystalline lens, 585

Crystals, blood; xl

Cuboid bone, 136
Cuneiform bone, hand, 104, foot, external,

140, internal, 139, middle, 140, cartilages,

678
Cupola of cochlea, 601
Curling, Mr., on the descent of the testes, 727
Curvatures of the spine, 17

Cuspidate teeth, 610
Cutaneous branches of accessory obturator,

548 ; of anterior tibial nerve, 557 ;
of cer-

vical plexus, 530 ; of circumflex, 535

;

of dorsal nerve of penis, 552 ; of dorsal

nerves, 542 ; of external popliteal, 556

;

internal, 555 ; of inferior hoemorrhoidal

nerve, 552 ; of ilio-hypogastric, 546 ; of

ilio-inguinal, 546 ; of intercostal nerves,

543 ; of lesser sciatic nerve, 554 ; of

kmibar nerves, 544 ; of median, 537 ; of

musculo-spiral, 641 ; of ulnar nerve, 530
;

of arm, musculo-cutaneous, 536 ; internal,

536 ; lesser internal, 537, of buttock and
thigh, 540, of inguinal region, 749, of

ischio-rectal region, 758 ; from obturator,

548, of thigh, external, 546, internal, 549,

middle, 649 ; of patella, 549 ; of perinseal

nerve, 552
;

plantar nerve, 555 ; of pos-

terior tibial, 565 ; of radial, 541 ; of sacral

nerves, 550 ; of ulna, 539
Cuticle of skin, xc\'iii

Cutis vera, xcvi

Cystic artery, 391 ; duct, 652, valve of, 653

;

plexus of nerves, 565 ; veins, 449

Dartos, 721
Decussation of optic nerves, 502 ; of pyra-

mids, 474
Decidua, cxix ; serotina, cxx
Deciduous teeth, 609
Deep crural arch, 753

;
palmar arch, 379

;

perinseal fascia, 762
Deferent arterj', 402
Deglutition, actions of, 231, 234
Deiters, cells of, 603
Deltoid aponeurosis, 267 ; muscle, 267
Dens sapieutije, 611
Dental arterj', inferior, 348 ; superior, 349

;

canal, anterior, 45, inferior, 57, posterior,

44; follicles, 616; groove, 613, 616; nerves,

anterior, 514, infeiior, 518, posterior, 514
;

pidps, 616 ; sacs, 616 ; tubuli, 612 ; vein,

inferior, 430
Denticulate lamina of cochlea, 602
Dentine, 612, formation of, 616
Depressions for Pacchionian bodies, 24
Depressor alae nasi, 214 ; anguli oris, 216

;

epiglottidis, 683 ; labii inferioris, 2l6
Derma, or true skin, xcvi

Descending aorta, 886 ; colon, 641
Descendens noni nerve, 510
Descent of testicle, 727
Development of atlas, 11 ; axis, 11 ; ali-

mentary canal and its appendages, cxl

;

arteries, cxxxvii

bone, Ivii

carpus. 111; clavicle, 86; coccyx, 17;
cranium, 41, cxxv

ear, cxxxiii ; ethmoid, 41 ; eye, cxxxii

face, cxxv; femur, 127; iibula, 134; foot,

143 ; frontal bone, 28



778 INDEX.

Development (continued)

genital organs, cxliii

hand, 111; heart, cxxxv ; humerus, 05;
hyoid bone, 75

inferior turbinated bone, 54
lachrymal bone, 40 ; lens, cxxxii ; lower

jaw, 59 ; lumbar vertebrae, 11

malar bone, 50; mammEe, cxxxv; metacar-

pus, 111 ; metatarsus, 143 ; muscles,

cxxxv
nasal bone, 44 ; nervous centres, cxxviii

;

nose, cxxxiv
occipital bone, 23 ; os innomiuatum, 118
palate, cxxvii

;
palate bone, 53

;
parietal

bone, 25; patella, 128; permanent teeth,

616; phalanges of hand, 112, of foot,

143
radius, 103 ; ribs, 81
sacrum, 16 ; scapula, 00 ; seventh cervical,

11; skin, oxxxiv ; sphenoid, 38 ; spine,

cxxiii ; stei'num, 77 ; superior maxillarj'

bone, 48
tarsus, 143; temporary teeth, 615; tem-

poral bone, 34 ; tibia, 132
ulna, 101
veins, oxxxviii ; vertebrae, 10 ; vomer, 55
Wormian, 42

Development of organs, chronological table

of, cl

Diameters of pelvis, 121

Diaphragm, 259 : development of, cxliii

;

lymphatics of, 464
Diaphysis, bcii

Diarthrosis, 148 ; rotatoria, 149
Digastric muscle, 226 ; fossa, 31 ; lobe of

cerebelhun, 497 ; nerve, from facial,

508
Digestion, organs of, 607
Digital arteries from ulnar, 385

;
plantar,

425 ; cavity of lateral ventricle, 487

;

fossa, 123; nerves from median, 539 ; from
radial, 541 ; from idnar, 540 ; of foot, 555,

556
Dilatator naris, anterior, 214, posterior, 214
Diploe, 1 ; veins of, 432
Direct inguinal hernia, 747, coui-se of, 747,

coverings of, 747, incomplete, 748
Discus proligerus, cviii

DissECllON of abdominal muscles, 248

;

arch of aorta, 328 ; arm, 271 ; auricular

region, 200 ; axilla, 262
back, 238
epicranial region, 207 ; eye, 578
femoral hernia, 748 ; face, 210 ; foot, 318

;

fore-arm, 274
gluteal region, 303
hand, 284; heart, left auricle, 668, left

ventricle, 669, right aiuicle, 664, right

ventricle, 666 ; hernia, femoral, 748, in-

guinal, 740
iliac region, 294
inferior maxillary region, 215 ; infra-hyoid

region, 224 ; inguinal hernia, 740

;

ischio-rectal region, 757
intermaxillary region, 216
leg, 309; lingual region, 228
neck, 221
orbit, 211
palatal region, 232

;
palm of hand, 284

;

palpebral region, 210
;
pancreas, 654

;

pectoral region, 262
;

perinreum, 757,

Dissection (continued)

762
;
pharj'nx, 230

;
ptervgoid muscles,

219
radial region, 279
scalp, 207
sole of foot, 318; spinal cord and mem-

branes, 465; supra-hyoid region, 226
temporal muscle, 218 ; thigh, front of, 296

;

back of, 308 ; inner side of, 301
Dorsal artery of penis, 405
Dorsal nerves, 542

;
peculiar, 543

Dorsal nerve of penis, 552
Dorsal vein of penis, 446
Dorsal vertebriB, 6 ; peculiar, 7
Dorsales poUicis arteries, 381
Dorsalis hallucis artery, 421

;
indicis, 381

;

linguae, 341
;
pedis, 420, branches of, 421,

peculiarities of, 421, surgical anatomy of,

421 ; scapidffi, 373
Dorsi-lumbar nerve, 544
Dorsi-spinal veins, 442
Dorsum of scapula, 87
Ducts or Duct, of Bartholine, 621 ; biliary,

650 ; of Cowper's glands, 716; cystic, 652;
ejaculatory, 726 ; of Gaertner, cxlvi

;
galac-

tophorus, 730 ; hepatic, 651, 652; of kidney,

707 ; lactiferous, 739 ; of liver, 650 ; lym-
phatic, right, 464 ; nasal, 590; of pancreas,

655
;
parotid, 620 ; seminal, 726 ; Steno's,

620 ; thoracic, 453 ; Wharton's, 620
Ductless glands: spleen, 655; suprarenal

eapsule, 708 ; thyi-oid, 606 ; thvmus,
698

Ductus arteriosus, 672 ; how obliterated in

foetus, 675 ; communis choledochus, 653
;

pancreaticus minor, 655 ; Riviniani, 621

;

venosus, 674 ; how obliterated, 675
Duodenal glands, 637
Duodenum, 633 ; vessels and nerves of,

633 -

Dura mater of brain, 470 ; arteries of, 470 ;

nerves of, 470
;
processes of, 471 ; veins of,

470 ; of cord, 465
;
peculiarities of, 465

Ear, 590; arteries of, 593, 598, 605; auditory

canal, 593 ; cochlea, 601 ; internal, or lab}'-

rinth, 509 ; membranous labyrinth, 604

;

muscles of auricle, 592; of tympanum,
598 ; ossicula of, 596 ;

pinna or auricle of,

591 ; semicircular canals, 600 ; tympanmxi,

594; vestibule, 599
Early constituent of bone, lii

Eighth pair of nerves, 520
Ejaculatory ducts, 726
Elastic laminae of cornea, 677
Elbow, bend of, 375 ;

joint, 176 ; vessels

and nerves of, 178 ; anastomoses around,

378
Embryo, ex ; earlj- human, cxxi

Eminence of aquseductus Fallopii, 595;
canine, 44; frontal, 26; ilio-pectineal, 117;

nasal, 28
;
parietal, 24

Eminences and depressions of bones, 2

Emmentia articularis, 30 ; collateralis, 488
Enamel of teeth, 613; formation of, 614;

membrane, 614 ; organ, 614 ; rods, 613
Enarthrosis, 148
End-bulbs of Krause, Ixxxi

End-plates, motorial, of Kiihne, Ixxxiv

Endocardium, 669
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Endolymph, 005
Ensiform appendix, 75
Epencephalon, cxxix
Epiblast, cxi

Epidermis, development of, oxxxiv
Epididymis, 723 ; development of, cxlviii

Epigastric artery, 408 ;
peculiarities, 409

;

relation to femoral ring, 754 ; vs'ith internal

ring, 74G, superticial, 413, superior, 3G8;
plexus, 564 ; region, 025 ; vein, 447 ; su-

perficial, 444
Epiglottis, 678
Epiglottic glands, 684
Epiphyses, Ixii

Epithelium, ciliated, civ ; columnar, civ

;

pavement, ciii ; spheroidal or glandular,

civ. See Various Organs
Epoophoron, c.xlvi

Erectile tissue, its struotm'e, 720 ; of penis,

720 ; of clitoris, 730
Erector clitoridis, 730, 762

;
penis, 761

;

spinfe, 243
Eruption of the teeth, 617
Ethmo-sphenoidal suture, 61
Ethmoid bone, 39, articulatiocs of, 41, cri-

briform plate of, 39, development of, 41,

lateral masses of, 40
;
perpendicular plate

of, 40, OS planum of, 40, unciform process

of, 40
Ethmoidal arterj', 356, canal anterior, 28

;

posterior, 28
;'

cells, 40 ; notch, 28, 40

;

process of inferior turbinated, 54 ; spine, 34
Ethmoido-frontal suture, 61
Eustachian tube, 33, 596 ; valve, 665 ; in

fojtal heart, 672
External abdominal ring, 250, 742 : annular

ligament, 318
;
inguinal hernia, 746 ; orbi-

tal foramina, 37 ;
pterygoid plate, 38

;

spermatic fascia, 250, 742 ; sphincter, 758
Extensor coccygis, 247 ; brevis digitorum

muscle, 319 ; carpi radialis brevior, 280

;

longior, 279 ; carpi ulnaris, 281 ; commu-
nis digitorum (hand), 281 : indicis, 283

;

longus digitorum (foot), 311 ; minimi
digiti, 281 ; ossis metacarpi pollicis, 282

;

primi internodii pollicis, 282
;

proprius

pollicis, 311; seouudi internodii pollicis,

282
Eyd, 575 : appendages of, 587 ; chambers of,

584 ; ciliary ligament, 581 ; muscle, 581
;

processes of, 580; humours of, 584, aque-
ous, 584, crystalline lens, 586; vitreous,

585; membrana pupillaris, 581, choroid,

579, conjunctiva, 589, cornea, 577, hyaloid,

585, iris, 580; Jacob's, 582, retina, 582,
sclerotic, 576, pupil of, 580 ; tunics of, 576

;

uvea of, 581 ; vessels of globe of, 586

;

elastic lamime of cornea, 577
Eyeball, muscles of, 211; nerves of, 587;

vessels of, 586
Eyebrows, 587
Eyelashes, 588
Eyelids, 587, cartilages of, 587, Meibomian

glands of, 588, muscles of, 210, tarsal

ligament of, 588
Eye-teeth, 610

Face, arteries of, .342 ; bones of, 19, 43 ; lym-
phatics of, 4.54 ; muscles of, 210 ; nerves

of, 510 ; veins of, 428

Facial artery, 342, surgical anatomy of, 344,
transverse, 346 ; bones, 43 ; nerve, 505

;

vein, 428
Falciform process of fascia lata, 751 ; liga-

ment of liver, 645
Fallopian tubes, 735 ; development of, cxlvi

;

fimbriated extremity of, 735 ; lymphatics
of, 462 ; nerves of, 738 ; structure of, 735

:

vessels of, 738
False corpora lutea, 737 ; ligaments of blad-

der, 712; pelvis, 119 ; ribs, 79

Falx cerebelli, 471 ; cerebri, 471

Fangs of teeth, 610
Fascia, anal, 768 ; aponeurotic, its structure,

206 ; of arm, 271 ; of cranial region, 207
cervical deep, 221, superficial, 231, costo-

coracoid, 265 ;
cremasteric, 744 ; cribji-

form, 750
deep, 206 ; dentata, 490 : dorsal of foot,

319
fibro-areolar, its structure, 205, plantar,

of foot. 318, of fore-arm, 274
of hand, 285
iliac, 296 ; infundibuliform, 745 ; inler-

columnar, 250, 742 : intercostal, 257

;

intermuscular, of arm, 271 ; of foot, 318

;

ischio-rectal, 768
lata, 297, 751 ; falciform process of, 751,

Uiac portion, 298
;
pubic portion, 298

;

of leg, 309 ; deep, 314 ; lumborum,
254

of mamma, 263
of neck, 221
obturator, 768
palmar, 285

;
pelvic, 767 ;

perinfeal, deep,

762 ; superticial, 759
;

plantar, 318

;

propria of spermatic cord, 722 ; of

femoral hernia, 756
recto-vesical, 768
spermatic, 250, 742 ; superficial, 205 ; of

inguinal region, 740 ; of ischio-rectal

region, 757 ; of thigh, 296
temporal, 218 ; of thigh, deep, 297 ; super-

ficial, 296 ; of thorax, 262 ; transversalis,

745
visceral layer of pelvic, 768

Fasciculi graciles, 474, teretes, 475, 498
Fasciculus imciformis, 483
Fat, xlvi

Fauces, isthmus of, 618
Fecundation of ovum, cix

Female Oegaits op Generation : bulbi

vestibuli, 731 ; carunculie myrtiformes,

730 ; clitoris, 730 ; development of, cxlviii

;

fossa navicularis, 730 ; frtenulum pudendi,

730
;
glands of Bartholine, 730 ; hymen,

730 ; labia majora, 720 ; minora, 730

;

nympbffl, 730
;

prseputium clitoridis,

730 ; uterus, 733 ; vagina, 732 ; vestibule,

730
Femoeal arch, 752 ; deep, 753

artery, 409 ; branches of, 413
;
peculiari-

ties of, 411 ; surgical anatomy of, 411

;

deep femoral, 413
canal, 753 ; variation in size of, according

to position of limb, 755
hernia, complete, 756 ; coverings of, 756

;

descent of, 755 ; dissection of, 748 ; in-

complete, 756 ; seat of stricture, 756
;

surgical anatomy of, 748
ligament (Hey's), 751
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Femoeat,—{continued)

region, muscles of anterior, 296, internal,

301
;
posterior, 308 ; ring-, 764

;
position

of surrounding parts, 754
sheath, 753
vein, 445 -, relation of femoral ring,

754
Femur, 122, articulations of, 127, attach-

ment of muscles to, 127, development of,

327; fracture of, above condyles, 324,

below trochantei-s, 324 ; head of, 122

;

neck of, 122, trochanters of, 122, con-

djdes of, 126, structure of, 126; neck,

fracture of, 324
Fenestra ovalis, 594 ; rotunda, 505, 601
Fenestrated membrane of Henle, Ixxxvi

Ferrein, pj'ramids of, 705
Fibres aroiformes, 474, 476; transversEe,

498
Fibre cells, muscular, Ixvi

Fibres of muscle, 204 ; of nerves, Ixxx
Fibro-oartilage, interarticular, connecting,

circumferential, and stratiform, 1

Fibro-cartilages, acromio-clavicular, 172 ; in-

tercoccygean, 169; intervertebral, 152; of

knee, 193; of lower jaw, 160; pubic, 170;
radio-ulnar, 180 ; sacro-ooccj'gean, 169

;

sterno-clavicular, 171
Fibrous cartilage, 1 ; nervous matter, Ixx

;

rings of heart, 670 ; tissue, white, xliv

;

yellow, xliv

Fibula, 132; articulations of, 134; attach-

ment of muscles to, 134 ; development of,

134 ; fracture of, with dislocation of the

' tibia, 326
Fibular region, muscles of, 316
Fifth nerve, 510 ; ventricle of brain, 400
Filum terminale of cord, 467
Fimbrias of Fallopian tube, 735
Fissure, auricular, 33, horizontal of cere-

bellum, 406 ; of ductus venosus, 646 ; for

gall-bladder, 647; Glaserian, 3p, 594; of

liver, 646 ; longitudinal of liver, 646

;

longitudinal of cerebrum, 478, 482, of

lung, 692; maxillary, 45; of medulla

oblongata, 473
;

portal, 647
;

pterygo-

maxillary, 69 ; spheno-rnaxillary, 69 ; sphe-

noidal, 87 ; of spinal cord, 468 ; Sylvian,

483 ; transverse of liver, 647 ; of cere-

brum, 400; umbilical, 646; for vena cava,

647
Fissures, congenital, in cranium, 43
Flat bones, 1 .

_

Flexor accessorius muscle, 321 ; brevis digi-

torum, 320 ; brevis minimi digiti, (hand)

287, (foot) 322; brevis poUicis, (hand)

285, (foot) 322; carpi radialis, 275; iil-

naris, 276 ; digitorum sublimis, 276 ; digi-

torum profundus, 277 ; longus digitorum,

315 ; longus poUicis, (hand) 277, (foot)

815 ; ossis metacarpi polHcis, 285
Floating ribs, 79
Flocculus, 496
Foetus, circulation in, 674 ; Eustachian valve

in, 674 ; foramen ovale in, cxxxvi, 672

;

liver of, distribution of its vessels, 674

;

ovaries in, cxlvi; vascular S3'stem in,

peculiarities, 672
Folds, aryteno-epiglottidean, 680

;
genital,

cxlviii ; recto-uterine, 733 ; recto-vesical,

712; vesico-uterine, 733

Follicle of hair, c ; of intestine, 637
Follicles, sebaceous, ci

Follicular stage of development of teeth,

616
Fontanelles, 22, 42
Foot, arteries of, 420, 424; bones of, 134;

development of, 143 ; dorsum, muscles of,

319; fascia of, 310; ligaments of, 317;
sole of, muscles of, 310 ; fascia of, 318

;

nerves of, 555 ; veins of, 445
Foramen CKCum of frontal bone, 27, 62 ; of

medulla oblongata, 473 ; of tongue, 570

;

carotid, 32 ; condyloid, 22 ; dental inferior,

57; ethmoidal, 63; incisive, 66 ;
jugular, 64;

infra-orbital, 45 ; intervertebral, 10 ; lace-

rum anterius, 37, 63 ; medium, 63
;
posterius,

64; magnum, 20 ; mastoid, 30 ; mental, 56
;

of Monro, 488, 403 ; obturator, 117 ; optic,

35, 63 ; ovale of heart, 672 ; of sphenoid,

36, 63
;
palatine anterior, 47, 66

;
posterior,

61, 66; parietal, 24; pterygo-palatine, 36;
rotundum, 86, 63 ; sacro-sciatio, 116, 168

;

of Sommering, 582 ; spheno-palatine, 58,

74 ; spinosum, 37, 63 ; sternal, 78 ; stylo-

mastoid, 33 ; supra-orbital, 27 ; thjToid,

117; vertebral, 4: Vesalii, 37, 63; of

Winslow, 627
Foramina, sacral, 13; of diaphragm, 260;

external orbital, 37 ; malar, 49 ; olfactory,

40 ; Thebesii, 450, 665
Fore-arm, arteries of, 277 ; bones of, 96

;

fascia of, 274 ; lymphatics of, 458 ; muscles
of, 274 ; nerves of, 535 ; veins of, 437

Foreskin, 718
Form of bones, 1

Fornix, 490 ; bulbs of, 484 ; crura of,

490
Fossa of antihelix, 591 ; canine, 44 ; condy-

loid, 21 ; cystis feUete, 647 ;
digastric, 31

;

digital, 123; glenoid, -30; of helLx, 591;
iliac, 115; infra- and supraspinous, 87;
incisive, 44, 55 ; innominata, 591 ; ischio-

rectal, 757; jugular, 67; lachrymal, 28;
myrtiform, 44 ; navioularis of urethra, 715

;

of vulva, 730 ; occipital, 21 ; olfactory, of

foetus, cxxvi; ovalis, 665; palatine anterior,

47 ;
pituitarv', 35

;
pterygoid of sphenoid,

38 ; of lower jaw, 57 ; scaphoid, 88 ; sca-

phoidea, 591 ; spheno-rnaxillary, 69 ; of

skull, anterior, 61; middle, 63; posterior,

64 ; subscapular, 86 ; sublingual, 56 ; sub-

maxillary, 56 ; temporal, 67 ; trochanteric,

123 ; zygomatic, 68
FossEe, nasal, 72, 574 ; of skuU, 61
Fourchette, 730
Fourth nerve, 503 ; ventricle, 498
Fovea centralis retinas, 582 ; hemispheriea,

605 ; semi-elliptica, 605
Feaotoee of acromion process, 290

centre of clavicle, 289 ; acromial end of,

290 ; coracoid process, 290 ; coronoid

process of ulna, 291
femm- above condyles, 324 ; below tro-

;

chanters, 324 ; fibula, with dislocation

of tibia, 326
humerus, anatomical neck, 290; shaft of,

291 ; surgical neck, 290
neck of femm-, 324
olecranon process, 201
patella, 325
Pott's, 326
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Fractitee (continued)

radius, 292 ; lower end of, 292 ; neck of,

292, shaft of, 292, and ulna, 292
sternal end of clavicle, 290 ; tibia, shaft of,

325
ulna, shaft of, 292

"Frtena of Ueo-cfecal valve, 640
Frfemduiu cerebri, 494

;
pudendi, 730 ; of

Vieussens's valve, 494
Froanimi clitoridis, 730 ; labii superioris at

iuferioris, 607 ; linguse, 570
;

praeputii,

718
Frontal artery, 357 ; bone, 26 ; articulations

of, 29, attachment of muscles to, 20, deve-
lopment of, 28, stricture of, 28 ; crest, 27

;

eminence, 26; nerve, 511; process of
malar, 49 ; sinuses, 28 ; siiture, 26, 29, 60

;

vein, 428
Fronto-malar suture, 71
Fronto-sphenoidal suture, 61, 71
Fundus of bladder, 712 : of uterus, 733
Funiculi of nerve, Ixxviii

Furrow, auriculo-ventricidar, 663
;

genital,

cxlviii ; interventricular, 664
Furrowed band of cerebelhun, 496

Gaertner, duct of, cxlvi

Galactophorous ducts, 730
Galen, veins of, 436, 491
Gall-bladder, 652 ; fissure for, 647 ; struotm'e

of, 652 ; valve of, 652
Ga>'glion" or Ganglia, General Anatomy of,

Ixxvii ; of Andersch, 521 ; Arnold's, 5l0
cardiac, 562 ; carotid, 560 ; cephalic, 512

;

cervical, inferior, 561 , middle, 561, supe-

rior, 560 ; ciliary, 513 ; on circmuflex

nerve, 535
diaphragmatic, 564
on facial nerve, 506 ; of fifth nerve, 511
Gasserian, 511 : of glosso-pharyngeal, 621
impar, 566 ; intercarotid, 561 ; on poste-

rior interosseous nerve, 642
jugular, 521
lenticular, 613 ; lingual, 561 ; liunbar, 566
Meckel's, 515 ; mesenteric, 565
ophthalmic, 513 ; otic, 519
petrous, 521

;
pharyngeal, 561 ; of pnmeuo-

gastric, 523 ; of portio dura, 506
renal, 564 ; of Piibes, 558, of root of vagus,

623
sacral, 560 ; semilunar, of abdomen, 564,

of fifth nerve, 51 1 ; solar, 564 ; spheno-
palatine, 515; of spinal nerves, 528;
spirale, 602 ; submaxillary, 520 ; supra-
renal, 564 ; of sympathetic nerve, 558

temporal, 561 ; thoracic, 563; thyroid, 561;
of trunk of vagus, 524
of Wrisberg, 563

Ganglionic branch of nasal nerve, 512
Ganglion corpuscles, Ixxviii

Gasserian ganglion, 32, 511
Gastric arteries (vasa brevia), 392 ; artery,

390 ; follicles, 632 ; nerves from vagus,
525 ; plexus, 565

; vein, 448
Gastro-colic omentum, 628
Gastro-duodenal artery, 391

;
plexus, 565

Gastro-epiploica dextra artery, 391 ; sinistra,

393
Gastro-epiploio plexus, 565 ; veins, 448
Gastro-hepatic omentum, 628

Gastro-phrenic ligament, 629
Gastro-splenic omentum, 628
Gastrocnemius muscle, 312
Gelatinous nerve fibres, Ixxii

Gemellus inferior muscle, 307 ; superior, 307
Generative Organs, development of, cxlvi

;

female, 729 ; male, 717
Genial tubercles, 56
Genio-hyo-g'lossus muscle, 228
Genio-hyoid muscle, 227
Genital folds, cxlviii ; furrow, cxlviii

;
gland

(foetal), cxlvii ; tubercle, oxhdii

Genito-crural nerve, 546
Genu of corpus callosum, 486
Germinal area, cxiv ; vesicle, cix ; spot, cix

Gimbernat's ligament, 250, 743, 763
Ging-lymus, 149
Giraldes, organ of, cxlviii

Gladiolus, 77
Glands, Ductless, 655 ; spleen, 655 ; supra-

renal, 708 ; thymus, 608 ; thyroid, 696
Glands, Lymphatic, xciv

Gland ok Glands, Secreting, cvi ; accessory

of parotid, 620 ; aggTegate, 638 ; aryte^

noid, 684
of Bartholine, 770 ; of biliary ducts, 652

;

Bruuner's 637 ; buccal, 608
eeruminous, 594; coccygeal, 397; Oow-

per's, 718, 763
duodenal, 637
epiglottic, 684
gastric, 632
genital, cxlvii

of Havers, 147
labial, 607; lachrymal, 580, of larynx,

684 ; lingual, 571 ; of Littre, 715 ; of

Luschka, 397
mammary, 738 ; Meibomian, 588 ; molar,

608 ; mucilaginous of Havers, 147
odoriferfe, 718
cesophageal, 623
of Pacchioni, 434, 470; palatine, 618;

parotid, 619
;
peptic, 632 ; Peyer's, 638

;

pharyngeal, 622 : pineal, 493
;
pituitary,

484
;
prostate, 717

salivary, 619 ; sebaceous, ci ; solitary, 637

;

sublingual, 620 ; submaxillar}', 620

;

sudoriferous, cii ; suprarenal, 708
thymus, 698 ; thyroid, 606 ; tracheal, 086

;

of Tyson, 718
uterine, 734
of vagina, 733 ; of vulva, 730

Glandules odorifera3,718; Pacchioni, 434, 470
Glans penis, 718 ; clitoridis, 730
Glaserian fissure, 30, 504
Glenoid cavity, 90 ; fossa, 30 ; ligament of

shoulder, 175 ; of phalanges, 187
Gliding movement, 150
Glisson's capsule, 648
Globus major of epididymis, 723 ; minor, 723
Glosso-epiglottidean ligaments, 678
Glosso-pharyngeal nerve, 520
Glottis, 681 ; rima of, 680
Gluteal artery, 407 ; inferior ,406 ; lymphatic

glands, 459 ; nerve inferior, 552 ; superior,

552 ; region, lymphatics of, 460 ; muscles
of, 303 ; veins, 445

Gluteal aponem'osis, 297
Gluteus maximus muscle, 303, medius, 304,

minimus, 305
Gomphosis, 148
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Graafian vesicles, 736 ; membrana granulosa

of, 737; ovicapsule of, 737 ; structure of, 737
Gracilis muscle, 300
Granular layer of retina, 583
Great omentum, 628 ; cavity of, G27 ; sciatic

nerve, 554
Greater wings of sphenoid, 36
Grey nervous substance, Ixix

Grey matter of cerebellum, 497 ; of fourtb

ventricle, 498 ; of medulla oblongata, 476,

of spinal cord, Ixxv ; of cerebrum, 478
Groin, 740 ; cutaneous vessels and nerves

of, 740 ; superficial fascia of, 740 ; surgical

anatomy of, 740
Groove, auricido-ventrioiilar, 663 ; bicipital,

92 ; cavernous, 35 ; dental, 613 ; infra-

orbital, 45 ; lachrymal, 46 ; mylo-hyoid,

57 ; nasal, 43 ; occipital, 31 ; optic, 35

;

subclavian, 81

Grooves in the radius, 102 ; ventricular, 663
Growth of boue, Ivii

Gubernaculmn testis, 727
Gums, 608
Gustatory nerve, 518
Gyii operti, 481

Gyrus fornicatus, 479

PIffimorrhoidal artery; external, 405, middle,

402, superior, 395 ; nerve, inferior, 552
;

plexus of nerves, 566 ; veins, inferior, 446,

middle, 446, superior, 446 ; venous plexus,

446
Haiks, c ; structure of, e ; root-sheath, c

;

follicles, c ;
shaft, ci

Ham, region of the, 415
Hamstring tendons, surgical anatomy of, 309
Hamular process of sphenoid, 38 ; of humerus,

94 note
; of lachrymal, 49

Hand, arteries of, 379 ; bones of, 103 ; fascia

of, 285 ; ligaments of, 182 ; muscles of,

285 ; nerves of, from median, 537, 539,

. from radial, 541, from ulnar, 539, 540

;

veins of, 438
Hard palate, 618
Hare-lip, cxxvii

Harmonia, 148
Havers, glands of, 147
Haversian canals of bone, liv

Head, lymphatics of, 454 ; muscles of, 206

;

veins of, 428
Heart, 663 ; development of, cxxxv

annidar fibres of auricles, 670 ; arteries of,

333, 672
circular fibres of, 670
endocardimu, 669
fibres of the auricles, 670 ; of the ventri-

cles, 670 ; fibrous rings of, 670 ; festal

relics in, 665
infundibulum of, 666
left auricle, 667, ventricle, 669; looped,

fibres of auricles, 670 ; lymphatics of,

464, 672
muscular structure of, 670
nerves of, 525, 562, 672
position of, 663
right auricle, 664, ventricle, 666
septum ventriculorum, 666 ; size and

weight, 663 ; spiral fibres of, 671 ; struc-

ture of, 670 ; subdivision into cavities,

663

Heaki {continued)

veins of, 450 ; vortex of, 671
Helicine arteries, 720
Helicis major muscle, 592, minor, 592
Helicotrema of cochlea, 601
Helix, 591 ; fossa of, 591 ; muscles of, 592

;

process of, 591
Heale, looped tubes of, 704
Hepatic artery, 390, 651; cells, 649; duct,

652 ; plexus, 565 ; veins, 448, 648, 651
HEKNLi, congenital, 747 ; direct inguinal,

747; femoral, coveriuas of, 756; descent
of, 755 ; dissection of, 748 ; infantile, 747

;

inguinal, 746; dissection of, 740, oblique
inguinal, 746 ; scrotal, 747

Hesselbach's triangle, 747
Hev's ligament, 751
Hiatus Fallopii, 32
Highmore, antrum of, 46
Hilton's muscle, 683
Hiluni of kidney, 700 ; of spleen, 655
Hinge-joint, 149
Hip-joint, 188; muscles of, 303, in relation

with, 190
Hippocampns major, 489, minor, 488
Holoblastic ova, ex
Horizontal plate of palate, 51
Huguier, canal of, 30
Humerus, 91 ; anatomical neck, fractui'e of,

290 ; articulations of, 96 ; attachment of

muscles to, 96 ; development of, 95 ; head
of, 92 ; neck of, 92 ; nutrient artery of,

378 ; shaft, fracture of, 291 ; surgical neck,

fracture of, 290 ; tuberosities of, greater

and lesser, 92
Humours of the eye, 584
Hyaloid membrane of eye, 585
Hydatid of Morgagni, cxlvi

Hymen, 730
Hyo-epiglottic ligament, 679
Hyo-glossal membrane, 572
Hyo-glossus muscle, 238
Hyoid artery of superior thyroid, 340 ; bone,

74 ; attachment of muscles to, 75 ; cornua
of, 74 ; development of, 75 ; branch of

lingual arterv, 341 ; region, muscles of,

infra, 224, supra, 226
Hypoblast, cxi

Hypochondriac regions, 625
Hypogastric arteries in foetus, 401, 673, how

obliterated, 675
;

plexus, 566 ; inferior,

566 ; region, 625
Hj'poglossal nerve, 508

Ileo-ceecal or ileo-colic valve, 640
Ileo-x:olic artery, 393
Ileum, 634
Iliac arteries, common, 398

;
peculiarities,

399 ; surgical anatomy of, 399 ; external,

407; surgical anatomy of, 408; internal,

400, peculiarity in the foetus, 40l, at birth,

401 ; surgical anatom}' of, 401 ; fascia, 294

;

portion of fascia lata, 298 ; fossa, 115 ; lym-
phatic glands, 460 ; region, muscles of,

294 ; veins, common, 446
;
peculiarities of,

446 ; external, 445 ; internal, 445
Iliacus muscle, 295
Ilio-femoral ligament, 189
Ilio-hypogastric nerve, 545
Ilio-inguinal nerve, 546
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Ilio-lumbar artery, 406, ligament, ICG ; vein,

447
Ilio-peotineal eminence, 117

Ilium, 113; crest of, 115; dorsmn of, 114;
spines, 115 ; venter of, 115

Impressio colica, 647 ; renalis, 648
Incisive canal, 66; foramina, 66 ; fossa, 44, 55
Incisor-teeth, 609
Incisnra intertragica, 591 ; cerebelli, 495

;

Santorini, 593
Incus, 597 ; ligament of, 598, suspensory, 598
Infantile hernia, 747
Inferior dental artery, 348 ; dental canal,

57 ; maxillary bone, 55 ; meatus of nose,

74 ; occipital fossa, 31
;
proftmda artery,

378 ; turbinated bones, 53 ; articidations

of, 54, development of, 54; ethmoidal

process of, 54 ; lacbr^-mal process of, 53

;

maxillary process of, 64 ; vena cava, 446
Inferior-posterior lobe of cerebellum, 497
Infra-costal muscles, 257
Infra-maxillary nerves from facial, 608
Infraorbital artery, 349 ; canal, 45 ; fora-

men, 45
;

groove, 45
;
plexus of nerves,

515 ; branches of facial, 508
Infra-spinatus muscle, 270
lufra-spinous aponeurosis, 270
Infra-trochlear nerve, 512
Infundibula of Mdney, 707
Infundibuliform fascia, 745
Infundibidum of brain, 484; of ethmoid,

41 ; of cochlea, 601 ; of heart, 666
Ingrassias, processes of, 37
Inguinal canal, 744

;
glands, deep, 459

;

superficial, 458, 749 ; hernia, 746 ; region,

625 ; dissection of, 740
Inlet of pelvis, 119
Innominate artery, 333; peculiarities of, 334;

surgical anatomy of, 334; bone, 112; arti-

culations of, 119, attachment of muscles

to, 119 ; development of, 118; veins, 439;
peculiarities of, 439

Inorganic constituent of bone, Ivi

Interarticular fibro-cartilage, 1; of scapulo-

clavicidar joint, 173; of jaw, 160; of

knee, 193 ; of radio-ulnar joint, 180 ; of

sterno-clavicular joint, 171 ; ligament of

ribs, 162
Intercalated convoluted tube, 704
Intercarotid ganglion, 661

Intercellular substance of cartilage, xlvjii

Inter-clavicular ligament, 171

Intercolumnar fascia, 250, 742
Intercond3doid notch, 126
Intercostal arteries, 387 ; anterior, 368 ; su-

perior, 368 ; fascia3, 257 ; ligaments, 165

Ij-mphatics, 464 ; lymphatic glands, 463
muscles, 257 ; nerves, 542 ; spaces, 79
veins, superior, 440

Intercosto-humeral nerves, 537, 543
Interlobular arteries of kidney, 705, 706
Interlobular biliary plexus, 660 ; veins, 651

Intermaxillary suture, 70
Internal abdominal ring-, 745 ; annular liga-

ment, 318 ; carotid artery, 353 ; cutaneous

nerve, 536 ; inguinal hernia, 746 ; mam-
mary artery, 368 ; maxillary artery, 347

branches of, 348 ; mammary vein, 440

oblique muscle, 251 ; occipital crest, 21

pterygoid plate, 88 ; sphincter, 758
Internasal suture, 69

Interossei muscles, dorsal of hand, 288, of

foot, 323
;
palmar, 288

;
plantar, 323

Interosseous artery of fore-arm, 384; of foot,

421
Interosseous fibro-cartilages, 146
Interosseous membrane of fore-arm, 179; of

leg, 196
Interosseous nerve, anterior, 537

;
posterior,

641
Interosseous veins of fore-arm, 438
Interpeduncular space of brain, 484
Interspinales muscles, 247
Interspinous ligaments, 154
Interstitial lamellfe, lii

Intertransversales muscles, 248
Intertransverse ligaments, 154
Intertuhular stroma of kidney, 707
Intervertebral notches, 9 ; foramen, 19

;

substance, 162
Intestine, development of, cxl

;
tymphatics

of, 463 ; large, coats of, 643 ; small, 633,
coats of, 634

Intra-cartilaginous ossification, Ivii

Intralobular veins, 661
Intra-membranous ossification, Ixi

Intumescentia ganglioformis, 506
Involuntary muscle, Ixvi

Iris, 580
Ischiatic Ijanphatic glands, 459
Ischio-rectal fascia, 7'68, fossa, 758

;
position

of vessels and nerves in, 759 ; region,
siu'gical anatomy of, 757

Ischium, 115 ; body of, 116 ; ramus of, 116
;

spine of, 116 ; tuberosity of, 116
Island of Reil, 483
Isthmus of the fauces, 618 ; of thyroid gland,

696
Iter ad infundibulum, 493 ; a tertio ad quar-
tum veutriculiun, 492; chordse posterius,

594
Ivory of tooth, 612

Jacob's membrane, 682
Jacobsou's nerve, 522, 599 ; canal for, 33
Jaw, lower, 65 ; ,eondyle of, 57 ; changes

produced in, by age, 59 ; development of,

69 ; articulations of, 59 ; ligaments of,

1 59 ; attachment of muscles to, 59 ; ob-
lique line of, 66

;
pterygoid fossa of, 57

:

rami of, 57 ; sigmoid notch of, 57 ; sj'm-

physis of, 55 ; upper, see Maxillary Bone
Jejimum, 633
Joint. See Articulations

Jugular foramen, 64 ; fossa, 67
;
ganglion,

521 ; process, .21 ; vein, anterior, 431

;

external, 430.; external posterior, 431
;

internal, 431 ; ^inus or gulf of, 431

Kerato-glossus muscle, 229
Kerkring, valves of, 6.35

Kidnej', 700 ; calices of, 707 ; cortical sub-
stance of, 702 ; development of, cxliii

;

ducts of, 707; hilum of, 700; infundibula
of, 707; lymphatics of, 462, 707; Mal-
pighian bodies of, 702 ; mamilte of, 702

;

medullary substance, 702 ; nerves of,

707; papillae of, 702; pelvis of, 707;
pyramids of Ferrein, 705 ; renal artery,

706; sinus of, 700; tubuli uriniferi.
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705; veins of, 706; weight and dimensions,

700
Knee-joint, 191
Kiihne, his views on the terminations of

motor nerves, Ixxxiv

Kiirschnei', on'structure of heart's valves, 666

Lahia cerehri, 485 ; pudendi majora, 729,

minora, 730 ; lymphatics of, 461

Labial arteiT, 343
;

glands, 607 ; veins,

superior, 429 ; inferior, 429
Labium tympaniomn, 602 ; vestibulare, 602

Labyrinth, 599; arteries of, 605 ; fibro-serous

membrane of, 604
Lachrymal apparatus, 580 ; artery, 366

;

bone, 48 ; articulations of, 49 ; attachment

of muscles to, 49 ; development of, 49

;

canals, 590 ; caruncula, 589 ; fossa, 28
;

gland, 589
;

groove, 46 ; nerve, 611
;

papilla, 587, 590
;
process of inferior tur-

binated b(me, 53
;
puncta, 590 ; sac, 590

;

tubercle, 47
Lacteal s, 452, 636
Lactiferous ducts, 739
Lacuna magna, 716
Lacimte of bone, liv

Lacus lachrymalis, 587
Lambdoid suture, 60
Lamella, horizontal, of etlimoid, 39

;
perpen-

dicular of ethmoid, 40
of bone, articular, 146

Lamellre of bone, liv

Lamina cinerea, 482 ; cribrosa of sclerotic,

577 ; fusca, 576 ; spiralis ossea of cochlea,

602 ;
membranacea, 603 7ioie

Laminse of cornea, elastic, 577 ; of the ver-

tebrre, 3 ; cerebellum, 497

Laminated tubercle of cerebellum, 496

Lancisi, nerves of, 486
Large intestine, 639 ; cellular coat, 643

;

cfecum, 639 ; colon, 641 ; ileo-csecal valve,

640; mucous coat, 643; muscular coat,

643 ; rectum, 641 ; serous coat of, 643

Laryngeal artery, inferior, 340 ; superior, 340

;

branch of thjToid, 366; nerve, external,

524, internal, 524, recun-ent, 525, superior,

524, from sympathetic, 561
;
pouch, 681

;

veins, 440
Laryngo-tracheotomy, 686
Laryngotomy, 686
Larynx, 676 ; actions of muscles of, 683

;

arteries of, 684 ; cartilages of, 676 ; cavity

of, 680; glands of, 684; glottis, 680; in-

terior of, 679 ; ligaments of, 678 ;
\ym-

phatics of, 684 ; mucous membrane of,

683; muscles of, 681, neiTes of, 684;
rima glottidis, 680 ; superior aperture of,

679 ; veins of, 684 ; ventricle of, 681
;

vocal cords of, false, 680 ; true, 681

Lateral ginglymus, 149 ; ligaments of liver,

646: masses of ethmoid, 40; region of

skull, 67 ; sinus of brain, 435 ; tract of

medulla oblongata, 474, 475
Lateralis nasi artery, 344
Latissimus dorsi muscle, 239
Laxator tympani major muscle, 598 ; minor,

895
Lee, Dr., researches on .ST.'mpathelic nerve,

565 note

Leg, arteries of, 418
bones of, 127
fascia of, 309 ; deep, 314
ligaments of, 196
lymphatics of. 458
muscles of, 310 ; back of, 312 ; front of,

310
nerves of, 649
veins of, 444

Lens, 585 ; changes produced in, by age, 686
;

development of, cxxxii ; suspensory liga-

ment of, 586
Lenticular ganglion, 613
Lesser lachrymal bone, 49 ; omentum, 628

;

sciatic nerve, 552 ; -nings of sphenoid, 37
Levator anguli oris, 215 ; scapulae, 241 ; ani,

763
;
glandulse thyroidete, 697 ; labii infe-

rioris, 215 ; labii superioris alfeque nasi,

214; labii superioris, 215; palati, 2-32;

palpebrse, 587 ;
prostatfe, 764

Levatores costarum, 258
Lieberkiihn, crjqDts of, 637
LieAilENT, structure of, 146 ; acromio-cla-

vicular, superior, 172 ; inferior, 172

;

alar of knee, 194; of ankle, anterior,

197 ; lateral, 197 ; annular of radius,

179 ; of wrist, anterior, 284, posterior,

284, of ankle, 317, external, 318, internal,

318, of stapes, 598 ; anterior of knee,

191 ; arcuate, 260 ; aryteno-epiglottic,

680; astragalo-scaphoid, 201 ; atlo-axoid,

anterior, 155; postei-ior, 155
of bladder, false, 712, true, 712
broad of liver, 645
calcaneo-astragaloid, external, 199

;
poste-

rior, 199 ; interosseous, 200 ; calcaneo-

cuboid internal, 200, long, 200, short,

201 ; superior, 200 ; calcaneo-seaphoid,

inferior, 201 ; superior, 201 ; capsular (see

Individual Joints) ;
- carpo-metacarpal,

dorsal, 185, interosseous, 185, palmar,

185 ; of carpus, 182 ; central of spinal

cord, 467 ; check, 158 ; ciliary of eye,

581 ; common vertebral anterior, 151,

posterior, 162; conoid, 173; coraco-

acromial, 174 ; coraco-clavicular, 172
;

coraco-humeral, 175; coracoid, 174;
coronary of liver, 646 ; costo-clavicular,

171 ; costo-sternal, anterior, 164, pos-

terior, 165; costo-transverse, 162 ; costo-

vertebral, or stellate, 161 ; costo-.xiphoid,

165 ; cotj'loid, 190 ; crico-ai^tenoid,

679; crico-thyroid, 679; crucial of knee,

193; cruciform, 157
deltoid, 197; dorsal (see IndividualJoints)

of elbow, 177; anterior, 177; external

lateral, 177, internal lateral, 177; poste-

rior, 177
falciform of liver, 645
femoral (Hey's), 751
gastro-phrenic, 629 ; Gimbernat's, 250, 743,

753
;
glenoid, 175 ;

glosso-epiglottidean,

678
of hip, 188 ; hyo-epiglottic, 679
ilio-femoral, 189 ; ilio-lumbar, 166 ; of

incus, 598 ; interarticular of ribs, 162
;

interclavicular, 171 ; intercostal, 165

;

interosseous (see Individual Joints)

;

interspinous, 154; intertransverse, 164
;

intervertebral, 152
of jaw, 159
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Ligament {continued)

of knee, 191

of larynx, 678 ; lateral (see Individual

Joints) ; longitudinal of liver, 645 ; long

plantar, 200 ; lumbo-iliao, 166 ; lumbo-
sacral, 166

metacarpo-phalanoreal, 187 ; metacarpal,

186 ; metatarsal, 202 ; metatarso-pha-
langeal, 203 ; mucosum of knee, 194 ; of

malleus, 597
nuchiB, 239
oblique, 179; obturator, 306; occipito-

atloid, anterior, 158, lateral, 158, poste-

rior, 158 ; occipito-axoid, 158 ; odontoid,

158; orbicular, 179; of ossicula, 597;
of ovary, 738

palpebral or tarsal, 588 ; of patella, 191
;

of pelvis, 167 ; of the phalanges, hand,

187 ; foot, 203 ; of the pinna, 591
;
plan-

tar, 200
;

posterior of knee, or posti-

cum Winslowii, 192 ; Poupart's, 250,

742, 752
;
pterygo-maxillary, 217

;
pubic,

anterior, 169, posterior, 169, superior,

169 ; sub-pubic, 169 ; pubo-prostatic, 712
radio-carpal, 182 ;

radio-ulnar joint, infe-

rior, 180, middle, 179, snpe'rior, 179

;

recto-uterine, 733 ; rhomboid, 171
;

round, of uterus, 738 ; of liver, 645, of

radius and ulna, 179, of hip, 188
sacro-coccygeal, anterior, 169, posterior,

169 ; sacro-iliac, anterior, 167, oblique,

167, posterior, 167 ; saoro-sciatic,

greater, 167, lesser, 168 ; sacro-verte-

bral, 166 ; of scapida, 174 ; scapulo-

clavicular, 172 ; of shoulder, 174 ; stel-

late, 161 ; sterno-clavicular, anterior,

171, posterior, 171 ;
of sternum, 165

;

stylo-maxillary, 160; sub-pubic, 169;
supra-spinous, 1 54 ; suspensory of inciis,

598 ;
of lens, 586 ; of liver, 645 ; of mal-

leus, 597 ; of mamma, 263 ; of penis,

718; of spleen, 656 ; sutural, 146
tarsal of eyelids, 588
tarso-metatarsal, 202 ; of tarsus, 199; teres

of hip, 190; thyro-arytenoid, inferior,

681, superior, 680; of thumb, 185, tibio-

tarsal, 197 ; thyro-epiglottic, 678 ; thyro-

hyoid, 679 ;
tibio-flbular, 196 ; transverse

of atlas, 156 ; of hip, 190 ; of knee, 194

;

of scapula, 174; trapezoid, 172; trian-

gular of urethra, 762 ; of tympanic
bones, 597

of uterus, 733
of vertebrae, 151 ; vesico-uteirine, 733
of Winslow, 192 ; of wrist, anterior, 182,

lateral external, 182, lateral internal,

182, posterior, 182
of ZiNN, 212

Ligamenta subflava, 163 ; stispensoria of

mamma, 263
Ligamentum, arcuatum externum, 260; in-

ternum, 260
;
denticulatum, 467 ; latum

pulmonis, 688 ; nuchse, 239
;

patellae, 191

;

posticum AVinslowii, 192 ; spirale, 602

;

teres, 190
Ligature of arteries. <Sse each Artery.

Limbus laminae spiralis, 602 ; luteus, 582
Linea alba, 266 ; aspera, 124 ; ilio-pectinea,

117
;
quadrati, 124 ; splendens, 467

Linefe semilunares, 266 ; transversse of abdo-

men, 266 ; transversEe offoiu-thventricle, 498

E

Lingual artery, 341 ; surgical anatomy of,

341 ;
bone, 74 ;

ganglion, 561 ; nerve, 618

;

veins, 431
Lingualis muscle, 229
Lips, 607 ; arteries of, 343
Liquor Ootunnii, 604 ; Morgagni, 585

Scarpae, 606, seminis, 727
Lithotomy, parts concerned in operation of,

765; avoided in operation, 766; divided, 766
Littri?, glands of, 715
LivEE, 645 ; changes of position in, 646

development of, cxlii ; distribution of

vessels to, in fcetus, 674 ; ducts of, 650
fibrous coat of, 648 ; fissures of, 646 ; he

patic artery, 390, 651 ; hepatic cells, 650
hepatic duct, 652 ; hepatic veins, 448, 648
651 ; ligaments of, 646 ; lateral, 646, co
ronary, 646; round, 646; longitudinal, 646
lobes of, 647 ; lobules of, 648 ; lymphatics of,

462 ; nerves of, 648
;

portal vein, 661
situation, size, and weight, 645 ; structure

of, 648 ; its surfaces and borders, 645
vessels of, 648

Lobes of cerebrum, 480 ; of cerebellum, 496
of liver, 647 ; of lung, 692 ; of prostate,

717 ; of testis, 714 ; of thyroid, 696 ; of
thymus, 698 ; of kidney, 702

Lobular biliary plexus, 651
Lobide of the ear, 591
Lobules of liver, 648

; of Irang, 693 ; of kid-
ney, 702

Lobulettes of lung, 695
Lobuli testes, 724
Lobidus caudatus, 648 ; centralis of cerebel-

lum, 495 ;
quadratus, 648 ; Spigelii, 648

Lobus caudatus, 648
;
quadratus, 648 ; Spi-

gelii, 648
Locus cseruleus, 498 ; niger, 485

;
perforatus

anticus, 483, posticus, 484
Long bones, 1

Long saphenous nerve, 549
Longissimus dorsi muscle, 245
Longitudinal fissure, of brain, 478, 482 ; of

liver, 646 ; ligament of liver, 646 ; sinus of
brain, superior, 434, inferior, 435

Longus colli muscle, 235
Looped tubes of Henle, 704
Lower extremity, arteries of, 409 ; bones of,.

112 ; fascia of, 294 ; lymphatics of, 458
;

ligaments of, 188 ; muscles of, 293 ; nerves

of, 652 ; veins of, 444
Lower, tubercle of, 665
Lumbar arteries, 397 ; fascia, 254

;
ganglia,

566
;
glands, 460 ; nerves, 544

;
plexus of

nerves, 544 ; region, 625 ; vein, ascending,

447 ; veins, 447 ; vertebrae, 9 ; develop-
ment of, 10

Lumbo-iliac ligament, 166
Lumbo-sacral ligament, 166 ; nerve, 544
Lumbricales muscles, hand, 288 ; foot, 321
Lungs, 690 ;

air-cells of, 695 ; air-sacs, 695
;:

bronchial arteries, 695 ; development, cxliii •,

veins, 696 ; capillaries of, 696 ; in foetus,

674 ; lobes and fissures of, 692 ; lobules of,.

693 ;
lobidettes, 695 ; lymphatics of, 464,

696 ; nerves of, 696
;
pulmonary artery,

695; veins, 696; root of, 692; structure,

of, 693 ; weight, colour, etc., 693
Lunulse of nails, c

Luschka's gland, 397
Lymph, xli
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Lymphatic duct, right, 454
Lymphatic Glands, General Anatomy of,

xciv

Descriptive Anatomy

:

anterior mediastinal, 463 ; auricidar pos-

terior, 454 ; axillary, 457
brachial, 457 ; bronchial, 464 ; buccal, 454
cervical, deep, 456, superficial, 455
in front of elbow, 457
gluteal, 450
of head, 454
iliac, external, 460, internal, 460, inguinal,

deep, 459, superficial, 458 ; intercostal,

463 ; internal mammary, 463 ; ischiatic,

459
of large intestine, 463 ; of lower extremitj',

458 ; lumbar, 460
of neck, 455
occipital, 454
parotid, 454 ; of pelvis, 460

;
popliteal, 458

radial, 457
sacral, 460 : of small intestines, 463 ; of

spleen, 463 ; of stomach, 462 ; submax-
illary, 454

of thorax, 463 ; tibial anterior, 458
ulnar, 457 ; of upper extremity, 456
zygomatic, 454

Lymphatics, General Anatomy of, xoii

;

origin of, xciii
;
pkxus of, xciii ; sub-

division into deep and superficial, 452
;

valves of, xcii ; vessels, xcii ; where found,

xciii

Descriptive Anatomy

:

abdomen, 460 ; arm, 458
bladder, 461 ; bone, liii ; broad ligaments,

462, cardiac, 464 ; cerebral, 455 ; cervical,

superficial and deep, 456; chest, 464;
of clitoris, 461 ; of cranium, 455

diaphragm, 464
face, superficial, 454, deep, 455 ;

Fallopian

tubes, 462
gluteal region, 460
head, superficial, 454; heart, 464
intercostal, 464 ; iuternal mamraarj', 464

;

intestines, 463
kidneys, 462
labia, 461 ; lacteals, 463 ; large intestine,

463 ; leg, 459 ; liver, 462 ; lower extre-

mity', 459 ; lung, 464; lymphatic duct, 454
meningeal, 455 ; mouth, 455
neck, 456 ; nose, 455 ;

nymphse, 461
cesophagus, 464 ;

ovaries, 462
pancreas, 462

;
pelvis, 460

;
penis, 460

;

perinseum, 460; pharynx, 455; pia

mater, 455
;
prostate, 462

rectum, 462
scrotum, 460 ; small intestine, 463 ; spleen,

463 ; stomach, 462
testicle, 462 ; thoracic duct, 453 ; thorax,

464 ; thymic, 464 ; thyroid, 464
upper extremity, 456, superficial, 458,

deep, 458 ; uterus, 462
vagina, 462

Lymphoid cellular tissue, xlvi

Lyra of fornix, 491

Macula cribrosa, 600
;
germinativa, cix

Magnum of carpus, 108

Malar bone, 49 ; articulations of, 51 ; attach-

ment of muscles to, 51 ; development of,

50 ;
frontal process of, 49 ; maxillary pro-

cess of, 50; orbital process of, 50; zygo-
matic process of, 50; canals, 50; nerves
from facial, 508

;
process of superior max-

illary, 47
Male urethra, 714
Malleolar arteries, external and internal, 420
Malleolus, external, 132, internal, 131
Malleus, 597 ; suspensory ligament of, 597
Malpighi, pyramids of, 702
Malpighian'bodies of kidney, 702 ; tufts, 702

;

capsules, 702, 703 ; corpuscles of spleen,

658
Mamilla of breast, 738 ; of kidney, 702
Mamma, areola of, 738 ; lobules of, 739

;

nerves of, 739 ; nipple or mamilla of, 739
;

vessels of, 739
MammiE, development of, cxxxv
Mammary artery, internal, 368

;
glands, 738

;

lymphatic glands, 463 ; veins, internal,

440
Manubrium of sternum, 75 ; of malleus, 597
Marrow of bone, lii

Marshall, vestigial fold of, cxxxix
Masseter muscle, 217
Masseteric arteries, 349 ; nerve, 517 ; veins,

430
Masto-occipital suture, 60
Masto-parietal suture, 60
Mastoid cells, 31 ; openings of, 695 ; fora-

men, SO
;
portion of temporal bone, 30

;

process, 31 ; vein, 430
Matrix of nail, c

Maxillary artery, internal, 347 ; bone, infe-

rior, 55, superior, 44 ; development of, 48
;

fissure, 45 ; nerve, inferior, 517, superior,

513
;

process of inferior turbinated, 54

;

malar bone, 49 ; sinus, 46 ; tuberosity, 44
;

vein, internal, 430
Maxillary protuberances (festal), cxxvi
Meatus auditorius externus, 31, internus,

32 ; of nose, inferior, 74, 575, middle, 74,

574 ; superior, 74, 574 ; lu-inarius, male,
715, female, 730

Meatuses of the nose, 74, 574
Meckel's cartilage, cxxvii

;
ganglion, 515

Median artery of fore-arm, 384; of spinal

cord, 365 ; nerve, 537 ; vein, 438
Mediastinal arteries, from internal mam-

mary, 368
;

posterior, from aorta, 387

;

lymphatic glands, 463
Mediastinum, anterior, 689 ; middle, 689,

posterior, 689 ; testis, 724
Medulla Oblongata, 473 ; anterior pyra-
mids of, 474 ; back of, 474 ; fissures of,

473 ; lateral tract, 474, 475 ; olivary body,
474, 475

;
posterior pyramids, 474 ; resti-

form bodies, 474, 475 ; septum of, 476

;

structure of, 475
Medidla spinalis, 467
Medullary canal of bone, lii, 1 ; membrane of

bone, lii ; substance of brain, Ixix, of
kidney, 702, of suprarenal capsules, 709

;

velum posterior of cerebellum, 496
Medullispinal veins, 443
Meibomian glands, 588
Membrana basilaris, 602 ; fusca, 579

;
granu-

losa of retina, 583, of Graafian vesicle,

737 ; limitans of retina, 583 ; nictitans,

589; pupillaris, 581; sacciformis, 180;
tympani, 596 ; tympaui, secundaria, 601
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Membrane of aqueous chamber, 586 ; arach-

noid, spinal, 460 ; cerebral, 466 ; choroid,

579; oi'Oorti, 603; costo-coracoid, 265;
crico-thyroid, 679 ; fenestrated, Ixxxyi

;

hyaloid, 5S5 ; Jacolj's, 582 ; limiting, 583;
pituitary, 574; pupillary, 581 ; ofEeissner,
602 ; thyro-hyoid, 678 ; Schneiderian, 574

Mdmbeakes of Spinal Coed, 465 ; of brain,

469
Membranous labjTinth, 604

;
portion of ure-

thra, 715 ; semicircular canals, 605
Meninges. See Membranes
Meningeal artery, from ascending pharyn-

geal, 346 ; anterior, from internal carotid,

355; middle, from internal maxiUary, 348;
from occipital, 345

;
posterior, from ver-

tebral, 365 ; small, from internal maxil-
lary, 348; lymphatics, 455; veins, 430, 470

Menisci, 1

Mental foramen, 56, 70
;
process, 55

Meroblastic ova, ex
Mesencephalon, cxxix
Mesenteries, 628
Mesenteric artery, inferior, 394 ; superior,

393
;
glands, 463

;
plexus of nerves, in-

ferior, 565; superior, 565; vein, inferior,

448, superior, 448
Mesoblast, cxi

Meso-csecum, 628
M^socephale, 477
Meso-colon, ascending, 628, descending, 628,

transverse, 628
Meso-rectum, 629
Mesorchiimi, 727
Metacarpal artery, 381 ; articulations, 186
Metacarpo-phalangeal articulations, 187
Metacarpus, 109 ; common characters of,

109 ; development of. 111
;
peculiar bones

of, 109
Metatarsal articidations, 203; bones, 141
Metatarsal artery, 421
Metatarso-phalangeal articulations, 203
Metatarsus, 141 ; development of, 143
Meteucephalon, cxxix
Middle clinoid processes, 35 ; ear, or tympa-
num, 594 ; fossa of skull, 63, meatus, 74, 574

Milk teeth, 611
Mitral valve, 669
Mixed bones, 2
Modiolus of cochlea, 601
Molar glands, 608 ; teeth, 610 ; teeth, pecu-

liar, 611
Monro, foramen of, 488, 493
Mons Veneris, 729
Monticulus cerebeUi, 495
Morgagni, hydatid of, cxlvi ; liquor, 585
Morsus diaboli, 735
Motor oculi nerve, 503
Mouth, 607 ; mucous membrane of, 607

;

muscles of, 215
Movement admitted in joints, 150
Mucilaginous glands, 147
Mucoid cellular tissue, xlvi

Mucous membrane, c\i

Miiller, duct of, cxlv
Multicuspidati teeth, 610
Midtifidus spinse muscle, 247
Mtjscle, General Anatomy of, Ixiii ; of animal

life, Ixiii ; arrangement of fibres of, Ixiii;

bipenniform, 204 ; blood-vessels of, Ixvii

;

derivation of names, 204 ; development of,

cxix ; fasciculi of, Ixiii ; iibrils of, Ixiv

;

form of, 204 ; involuntary, Ixiii, lympha-
tics of, Ixvii ; meaning of the terms, origin

and insertion, 204 ; mode of connection of,

with bone, cartilage, skin, etc., 205 ; nerves

of, Ixvii ; of organic life, Lxiii
;
penniform,

204 ; radiated, 204 ; sarcous elements of,

Ixiv; sheath of, lxiii ; size of, 204; striped,

lxiii ; structure of, lxiii ; tendons of, 205

;

unstriped, Ixvi ; voluntary, lxiii

Mtiscles oe Mubcue, Descriptive Anatomy:
of abdomen, 249 ; abductor minimi digiti,

(hand) 287, (foot) 320, indicis, 288, pol-

licis, (hand) 285, (foot) 319 ; accelerator

urinfe, 760; accessorii orbicularis oris,

216; accessorius pedis, 321 ; acccssorius

ad sacro-lumbalem, 245
; adductor bre-

vis, 302, longus, 302, magnus, 302. pol-

licis, (hand) 287, (foot) 322 ; anconeus,

281 ; anomalus, 214 ; antitragicus, 592
;

arytasno-epiglottideus, inferior, 683, su-

perior, 683, arj'tsenoideus, 682 ; attollens

aurem, 209 ; attrahens aurem, 209 ; azy-

gos uvulse, 234
basio-glossus, 229; biceps, (arm) 272,

(thigh) 308 ; biventer cervicis, 246

;

braohialis anticus, 272 ; buccinator, 217
cerato-glossus, 229 ; cervicalis ascendens,

245 ; cbondro-glossus, 229 ; ciliary of

eye, 581 ; circumflexus palati, 233

;

coccygeus, 764 ; cochlearis, 602 ; com-
plexus, 246 ; compressor narium minor,

214 ; nasi, 214 ; sacculi laryngis, 683
;

urethras, 763 ; constrictor isthmi fau-

cium, 230, pharyngis inferior, 231, me-
dius, 231, superior, 231, urethrse, 763;
coraco-brachialis, 271 ; corrugator su-

percilii, 210 ; cremaster, 743 ; crico-ary-

tsenoideus lateralis, 682, 683
;
posticus,

681 ; crico-thyroid, 681 ; crureus, 300
deltoid, 267 ; depressor anguli oris, 216

;

depressor ate nasi, 214, epiglottidis,

683, labii inferioris, 216 ; diaphragm,

259 ; digastric, 226 ; dilatator naris, an-

terior, 214, posterior, 214
of epicranial region, 207 ; of external ear,

209 ; erector clitoridis, 762, penis, 761,

spin®, 243 ; external sphincter, 758,

extensor brevis digitorum, 319, carpi

radialis brevier, 280, longior, 279, ul-

naris,281; coccygis, 247 ; digitorumcom-
munis, 281 ; indicis, 283 ; longus digi-

torum, 311 ; minimi digiti, 281 ; ossis

metacarpi pollicis, 282
;
primi intemodii

poUicis, 282
;
proprius pollicis, 311 ; se-

cundi intemodii pollicis, 282
of face, 207 ; femoral region, anterior, 296,

internal, 301, posterior, 308 ; fibular

region, 310; flexor accessorius, 321;
brevis minimi digiti, (hand) 287, (foot)

322, digitorum, 320, pollicis, (hand) 285,
(foot) 322, carpi radialis, 275, ulnaris,

276, digitorum sublimis, 276, longus
digitorum, 314, pollicis, (hand) 277,
(foot) 315, ossis metacarpi pollicis, 285,
profundus digitorum, 277

gastrocnemius, 312 ;
gemellus superior,

307, inferior, 307
;

genio-hyo-glossus,

228
;
genio-h3foid, 227

;
gluteus maxi-

mus, 303, medius, 304, minimus, 305

;

gracilis, 301
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MirsciEa oe Muscle {continued)

of hand, 285 ; of liead and face, 206 ;
lie-

licis, major, 592, minor, 592 ; Hilton's,

683 ; of hip, 303 ; hyo-glossus, 228
iliac region, 294 ; iliacus, 295 ; ilio-costalis,

245 ; infra-costal, 257 ; infraspinatus,

270 ; intercostal, 257 ; internal sphinc-

ter, 758; interossei of foot, 323 ; of hand,

288 ; interspinales, 247 ;
intertransver-

sales, 248
labial, 215 ; of larynx, 681 ; latissimus

dorsi, 239 ; laxator tympani, major, 598;
minor, 598 ; of leg, 310; levator anguli

oris, 215, ani, 763, scapulse, 241_, glan-

dulie thyroideas, 697 ; lahii inferioris,215,

labii superioris aloeque nasi, 214, labii

superioris, 215, menti, 215, palati, 232,

palpebrse, 211, prostatse, 764; levatores

costarum, 258 ; lingualis, 229 ; longissi-

mus dorsi, 245 ; longus colli, 235 ; lum-
bricales, (hand) 288, (foot) 321

masseter, 217 ; multifidus spinas, 247

;

muscLilus accessorius ad sacro-liunbalem,

245 ; mylo-hyoid, 227
naso-labialis, 216 ; of neck, 220
obliquus auris, 593 ; abdominis externus,

249, internus, 251 ; capitis superior,

248, inferior, 248; oculi, inferior, 213,

superior, 212 ;
obturator, externus, 307,

internus, 306 ; occipito-frontalis, 208
;

omo-hyoid, 225 ; opponens minimi
digiti, 287, poUicis, 285; orbicularis

oris, 216, palpebrarum, 210; of orbit,

211
palate, 232; palato-glossus, 230, 234;

palato-pharjTigeus, 234; palmaris brevis,

287, longus, 276
;
pectineus, 301

;
pec-

toralis, major, 263, minor, 265 ; of peri-

nteum, male, 760, female, 762
;
pei-oneus

brevis, 317, longus, 316, tertius, 311 ; of

pharynx, 230
;
plantaris, 313

;
platysma

myoides, 221
;
popliteus, 314

;
pronator

quadratus, 278, radii teres, 274
;
psoas

magnus, 295, parvus, 295 ;
pterygoid,

internal, 219, external, 219 ;
pyramidalis

abdominis, 255, nasi, 214
;
pyiiformis,

305
quadratus femoris, 307, lu'mborum, 255,

menti, 216
;
quadriceps extensor cruris,

299
rectus abdominis, 254, capitis anticus

maior, 235, minor, 235; posticus major,

248, minor, 248, femoris, 299, oculi,

externus, superior, inferior, and inter-

nus, 212, lateralis, 235 ; retrahens au-

rem, 210; rhomboideus, 214, major, 241,

minor, 241 ; risorius, 217 ; rotatores

spinse, 247
sacro-lumbalis, 245 ; sartorius, 298 ; sca-

lenus anticus, 236, medius, 237, posticus,

237 ; semi-membranosus, 309 ; serratus

posticus, superior, 242, inferior, 242

;

semi-spinalis dorsi, 247, colli, 247 ; semi-

tendinosus, 308 ; serratus magnus, 266

;

sole of foot, 319, first layer, 319, second

layer, 821, third layer, 322, fourth layer,

323 ; soleus, 313 ; sphincter, external,

758, internal, 758, vagime, 762 ; spinalis

dorsi, 245, coUi, 246 ; splenius, 243,
capitis, 243, colli, 243 ; stapedius, 698

;

sterno-cleido-mastoid, 222; sterno-hyoid,

Muscles ok Muscle (continued)

225 ; sterno-thyroid, 225 ; stylo-glossus,

230; stylo-hyoid, 227; stylo-pharyn-

geus, 232 ; subanconeus, 274 ; subcla-

vius, 265; subcnireus, 300; subscapu-
laris, 268 ; supinator brevis, 282, longus,

279 ; supraspinales, 247 ; supraspinatus,

269
temporal, 218 ; tensor palati, 233, tarsi,

211, tympani, 598, vagiuse femoris, 298
;

teres major, 270, minor, 270; thyro-
arytsenoideus, 682 ; thyro-epiglottideus,

683 ; thyro-hyoid, 225 ; tibialis anticus,

310, posticus, 315; of tongue, 228;
trachelo-mastoid, 245 ; tragicus, 592

;

transversalis abdominis, 254, colli, 245

;

transversus auriculae, 592, pedis, 322,
perinrei, 761, (female) 762 ; trapezius,

238 ; triangularis sterni, 257 ; triceps,

extensor cubiti, 273, extensor cruris,

299, femoralis, 300; of tympanum,
598

of ureters, 713 ; of urethi-a, 760
vastus externus, 299, internus and crui'eus,

300
zj'gomatious major, 215, minor, 215

Musculi papillares, left ventricle, 669 ; right,

667
;
pectinati in left auricle, 668, in right,

665
Musculo-cutaneous nerve of arm, 535, from

peroneal, 557
Musculo-spu-al nerve, 540
Musculo-phrenic artery, 368
Musculus accessorius ad sacro-lumbalem,

245
Mylo-hyoid artery, 349

;
groove, 57 ; muscle,

227; nerve, 519; ridge, 56
Myrtiform fossa, 44

Nails, xcix

Nares, anterior, 72, posterior, 621, septum
of, 73, 573

Nasal angle, 44 ; artery, of internal maxil-
lary, 350, of ophthalmic, 857 ; of septum,

344 ; bones, 43, articulations of, 44 ; car-

tilages, 570; crest, 44; duct, 590; emi-
nence, 28, 69 ; foramen, 27 ; fossa?, 72, 674

;

arteries of, 575 ; mucous membrane of,

674, nerves of, 575 ; veins of, 575 ; groove,

43 ; nerve, 512 ; nerves from Meckel's

ganglion, 516 ; notch, 27 ;
process, 47

;

spine, 27 ; anterior, 48, posterior, 51
;

vencjjLis arch, 428
Naso-maxiUary suture, 69
Naso-palatine canal, 47 ; nerve, 516
Nates of brain, 493
Neck, glands of, 455, lymphatics of, 456,

muscles of, 220 ; triangle of, anterior, 350,
posterior, 352, veins of, 430

Nerve-corpuscles, Ixxxi

Nerves, General Anatomy of, Ixxviii ; affe-

rent or centripetal, Ixxx ; cerebro-spinal,

Ixxviii, composition of, Ixxviii, funiculi

of, Ixxviii, neurilemma of, Ixxviii, origin

of, Ixxix, plexus of, Ixxix, sheath of,

Ixxviii, subdivision of, Ixxix, termination

of, Ixxix, vessels of, Ixxviii; efferent or

centrifugal, Ixxx ; spinal, roots of, 627 ; of

special sense, 500 ; tubes, Ixx
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Nerves or Nbete, Descriptive Anatomy of:
abducens, 504 ; accessory obturator, 548

;

acromiales, 530 : anterior crural, 548

:

auditory, 502 ; aiuioular, posterior,

507 ; of vagus, 523 ; aiu'icularis magnus,
530 ; of auriculo-temporal, 518 ; of

second cervical, 530, of small occipital,

530
of brachial plexus, 532 ; buccal, 517 ; of

facial, 505
cardiac, 562 ; middle, 562 ; inferior, 562

;

superior, 562, plexus, 562, posterior,

563, of pneumogastric, 525 ; cavernous
of penis, 568 ; cervical anterior, 529,

posterior, 531, superficial, 630, cervico-

facial, 508; chorda tympani, 507, 599;
ciliary, long, 512, short, 513 ; circum-
flex, 535 ; claviculares, 530 ; coccygeal,

551 ; cochlear, 606 ; communicans noni,

531
;
peronei, 556 ; of Ootunnius, 516

;

cranial, 500 ; crural anterior, 548
; cuta-

neous {see that heading)

deep palmar, 540 ; deep temporal, 517

;

dental anterior, 514, inferior, 518, pos-

terior, 514 ; desoendens noni, 510 ; di-

gastric from facial, 508 ; digital (foot),

555, 556 ; dorsal (hand), 540 ; dorsal, of

penis, 552 ; dorsal spinal, 542, peculiar,

543 ; dorsi-lumbar, 544 ; of dara mater,

470
eighth pair, 520 ; of eyeball, 587
facial, 505; of femoral artery, 411 ; fifth,

510; fourth, 508 ; frontal, 511

ganglionic branch of Basal, 512 ;
gastric

branches of vagus, 625
;

genito-crural,

546
;

glosso-pharyngeal, 520
;

gluteal,

inferior, 554, superior, 552
;
great petro-

sal, 516, great splanchnic, 563
;
gusta-

tory, 518
hsemoiThoidal, inferior, 552 ; of heart (see

Cardiac) ; hepatic, 648 ; hypoglossal,

508
ilio-hypogastric, 545 ; ilio-inguinal, 546

;

incisor, 519 ; inferior maxillary, 517

;

infra-maxillary, of facial, 608 ; infra-

orbital of facial, 508 ; infra-trochlear,

512 ; intercostal, 542 ; intercosto-hu-

meral, 543 ; interosseous, anterior, 637,

posterior, 541 ; ischiadic, great, 554,

small, 552
Jacobson's, 522
of labyrinth, 605 ; labial, 515 ;

lachrymal,

511; of Lancisi, 486; large cavernous,

568 ; laryngeal, external, 524 ; internal,

524; recurrent, 625; superior, 524; lesser

splanchnic, 564; lingual of fifth, 618,

of glosso-pharyngeal, 522 ; long ciliary,

512 ; long thoracic, 534 ; long saphe-

nous, 649 ; lumbar, 544 ; lumbo-sacral,

544
malar branch of orbital nerve, 514; of

facial, 508 ; masseteric, 517 ; maxillary

inferior, 517, superior, 513 ; median,

537 ; mental, 519 ; middle cardiac, 662

;

motor of eye, common, 603 ; external,

604 ; musculo-cutaneous of arm, 635

;

leg, 557 ; musculo-spiral, 540 ; mylo-

hyoid, 519
nasal, ophthalmic, 612 ; from Meckel's

ganglion, 615 ; from Vidian, 516 ; naso-

palatine, 516; ainth, 608

Nerves or Nerve (continuecT)

obturator, 546; oesophageal, 526; occipital,

great, 630, small, 530 ; of third cervical,

532 ; of facial, 508 ; olfactory, 500 ; oph-
thalmic, 511 ; optic, 601 ; orbital nerves,

their relation, 505 ; in cavernous siims,

505
; in orbit, 505, in sphenoidal fissm'e,

505 ; orbital of superior maxillary, 513
palatine, anterior or large, 515 ; external,

515, posterior or small, 516
;
palmar,

cutaneous, of median, 537, ulnar, 540

;

palpebral, 515
;

par vagura, 523
;

pa-

thetic, 500
;

perforans Oasserii, 635

;

perinseal, 552, superficial, 552
;
peroneal,

556
;

petrosal, superficial external or

large, 506, 616, small, 506
;
pharyngeal

of pneumogastric, 524, of glosso-pha-

ryngeal, 522 ; of sympathetic, 561 ; of

Meckel's ganglion, 517 ; of external

laryngeal, 624
;

phrenic, 531
;
plantar,

cutaneous, 555, external, 556, internal,

556
;
pneumogastric, 523

;
popliteal ex-

ternal, 556, internal, 564
;
portio dm'a,

505; portio inter duram et mollem,

506
;
portio mollis, 602

;
posterior au-

ricular, 607
;
pterygoid, 517

;
pterygo-

palatine, 517
;
pudendal, inferior, 554

;

pudic, 552
;

pulmonary, from vagus,
525

radial, 541 ; recurrent laryngeal, 525

;

recurrent to tentorium, 504 ; renal

splanchnic, 564 ; respiratory external,

534, internal, 531
sacral, 660

;
plexus, 551 ; saphenous long

or internal, 649, short or external, 666
;

sciatic, great, 654, small, 552 ; short

ciliary, 513 ; sixth, 504 ; small caver-

nous, 568 ; spheno-palatine, 514 ; spinal,

527 ; spinal accessory, 522 ; splanchnic,

great, 563, small, 564 ; smallest, 564

;

sternales, 530; stylo-hyoid of facial,

508 ; subclavian, 531 ; suboccipital, 528,
posterior branch of, 532 ; subscapular,

635 ; supei-ficialis coUi, 530 ; superior

cardiac, 562, maxillary, 513; siipra-cla-

vicular, 630, supra-orbital, 512 ; supra-

scapular, 534; supra-trochlear, 511
;

supra-maxillary of facial, 508 ; sympa-
thetic, 658

temporal deep, 517, of facial, 508, of auri-

culo-temporal, 518 ; temporo-facial, 508

;

temporo-malar, 513 ; third, or motor
oculi, 503 ; thoracic posterior, 534

;

anterior, 534 ; thyro-hyoid, 510 ; tibial,

anterior, 566
;
posterior, 666 ; of tongue,

672 ; tonsillar, 522 ; trifacial or trige-

minus, 610 ; trochlear, 608 ; tympanic,
of glosso-pharyngeal, 522, 599 ; of facial,

507
ulnar, 539: uterine, 568
vaginal, 568 ; vagus, 523 ; vestibular, 605

;

Vidian, 516
of Wrisbei'g, 636

Nervous substance, chemical analysis, Ixxii

;

grey, Ixix ; white, Ixx
;

gelatinous, Ixii

;

layer of retina, 580
Nervous System, General Anatomy of, Ixviii

;

fibrous nervous matter, Ixx
;

ganglia,

Ixxvii
;
grey or cineritious substance, Ixix :

sympathetic, Ixxi ; composition of, Ixxii

;

gelatinous fibres, Ixxiii, tubular fibres, Ixx
;
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Tesicular nervous matter, Ixix ; white or

medullary substance, Ixx

Nervus cardiacus maguus, 562, minor, 562
;

superficialis cordis, 562
Neurilemma, Ixxviii, of cord, 467
Neuroglia, Ixxiii

Nidus hirundinis of cerebellmn, 496
Ninth nerve, 508
Nipple, 739
Nodes of Ranvier, Ixxviii

Nodulo of cerehellum, 496
Noduli Arantii, 667, 669
Nose, 572 ; arteries of, 674 ; hones of, 43

;

cartilages of, 673 ; cartilage of septum of,

673 ; development of, cxxxiv ; fossa of, 72,

574 ; mucous membrane of, 574 ; muscles

of, 214; nerves of, 574; veins of, 574
Notch, cotyloid, 117; ethmoidal, 28, 40;

intercondyloid, 125 ; nasal, 27
;
pterygoid,

38; sacro-sciatic, greater, 116; lesser,

116; sigmoid, 57; spheno-palatine, 53;
supra-orbital, 27 ; supra-scapular, 89

Notochord, cxiv, cxxiii

NuoK, canal of, 728, 738
Nummular layer of retina, 583
Nutrient artery of bone, liii

Nymphse, 730 ; lymphatics of, 461

Oblique inguinal hernia, 746, coverings of,

746; ligament, 179; line of the clavicle,

84, of lower jaw, 66, of radius, 102
Obliquus auris muscle, 593 ; externus abdo-

minis, 249, internus, 261, inferior capitis,

248, superior, 248 ; inferior oculi, 213,
superior, 212

Obturator artery, 402, peculiarities of, 403
;

relation of, to femoral ring, 755 ; externus

muscle, 307, internus, 306; fascia, 768;
foramen, 117 ; ligament, or membrane,
306 ; nerve, 546 ; accessory, 548 ; veins,

445
Occipital artery, 344 ; bone, 20, articulations

of, 23, attachment of muscles to, 23, de-

velopment of, 23 ; crests, 20 ;
protuber-

ances, 20 ; foss», 21 ; lymphatic glands,

454 ; sinus, 435 ; triangle, 352 ; vein, 430
Occipitalis major nerve, 530, minor, 630
Occipito-atloid articulation, 158 ; occipito-

asoid articulation, 158 ; occipito-frontalis

muscle, 208
Occiput, arteries of, 344
Odontoblasts, 616
Odontoid ligaments, 158 ; tubercle for, 21

;

process of axis, 6
CEsophageal arteries, 387 ; branches of vagus

nerve, 625
;

glands, 623 ; opening of

diaphragm, 200; plexus, 525
CEsophagus, 622, lymphatics of, 464, struc-

ture of, 623, surgical anatomy of, 622
Olecranon process, 98 ; fi'actm-e of, 291
Olfactory bulb, 501 ; foramina, 40 ; fossfe

(foetal) cxxvi ; nerve, 500
Olivary bodies of medulla oblongata, 474,

475
;
process, 35

Omenta, 627
Omentum, gastro-colic, 628

;
gastro-hepatic,

628
;
gastro-splenic, 628

;
great, 628; lesser,

625, 628, sac of, 627
Omo-hyoid muscle, 225

Omphalomesenteric arteries, foetal, cxvi;
duct, cxvi ; veins, cxxxviii

Opening of aorta in left ventricle, 669;
aortic in diaphragm, 260; caval in dia-

phragm, 260 ; of coronary sinus, 665 ; of
inferior cava, 665 ; loft auriculo-ventri-

cular, 669 ; oesophageal in diaphragm,
260 ; of pulmonary artery, 666 ; veins,

668; right auriculo-veutricular, 666; sa-

phenous, 298, 751 ; of superior cava, 665
Opeeatioij for club foot, 317 ; of laryn-

gotomy, 687, of larjnigo-tracheotomy,

687 ; of lithotomy, 765 ; of oesopha-

g-otomy, 623 ; of staphyloraphy, 236

;

lor strabismus, 213; tracheotomy, 687
for wry neck, 224
ligature of arteries. See Surgical Anatomy

of each
Opercula of dental grooves, 616, 617
Ophthalmic artery, 355; ganglion, 513; nerve,

511 ; vein, 4-36

Opponens minimi digiti muscle, 287
;
polli-

cia muscle, 286
Optic commissure, 502 ; foramen, 35, 63

;

groove, 36 ; lobes, 493 ; nerve, 501 ; inter-

retinal fibres, 602 ; thalami, 491 ; tract, 501
Ora serrata, 582
Orbicular bone, 597 ; ligament, 179
Orbicularis oris muscle, 21G; palpebrarum,
210

Orbit, 71 ; arteries of, 356; muscles of, 211
;

relation of nerves in, 606
Orbital arterj^, 348 ; foramina, 37 ; nerve,

513
;
process of malar, 50 ; of palate, 62

Organic constituent of bone, Ivi

Orifice, oesophageal of stomach, 627
;
pyloric

of stomach, 627
Os calcis, 134, development of, 143 ; hyoides,

74; innominatum, 112, development of,

118; magnum of carpus, 108; orbiculare,

597
;
planum, 40

Os uteri, 733
Ossa triquetra, 42
Ossicula auditus, 596 ; ligaments of, 597
Ossification, period of, Ixii ; of bone, Ivii ; of

spine, progress in, 11

intra-cartilaginous, Ivii

intra-membranous, Ixi

Osteoblasts, lix

Osteoclasts, Ixi

Osteo-dentine, 613
Osteology, 1

Ostium abdominale of Fallopian tube, 735

;

internum or uterinum, 735 ; uteri inter-

num, 733
Otic ganglion, 519
Otoliths, 605
Outlet of pelvis, 121

Ovarian arteries, 396
;
plexus of nerves, 565,

veins, 447
Ovary, 736 ; corpus luteum of, 737 ; develop-

ment of, cxlvi ; Graafian vesicles of, 736

;

ligament of, 738 ; lymphatics of, 462

;

nerves of, 738 ; ovisacs of, 736 ; shape, po-

sition, and dimensions, 736; stroma of, 736;
tunica albuginea of, 736, vessels of, 738

Ovicapsule of Cxraatian vesicle, 737
Oviducts, 735
Ovisacs of ovary, 736
Ovula of Naboth, 734
Ovam, holoblastic, ex ; meroblastic, ex
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Ovum, cii; discharge of, 737; discus proli-

gerus of, cTJii ; fecundation of, cix
;
germi-

nal spot of, cix
;
geiTuinal vesicle of, cix

;

vitelline membrane of, cix
;
yolk of, cix

;

zona pellucida of, cix

Pacchionian depressions, 24 ;
glands, 434, 470

Pacinian corpuscles, licTTJi

Palatal glands, 618
Palate, arches of, 618; development of,

cxxvii ; hard, 618 ; soft, 618 ; bone, 51

;

articulations of, 53; attachment of muscles
to, 53 ; development of, 53 ; turbinated
crests of, 51 ; vertical plate of, 51 ; hori-

zontal plate of, 51 ; orbital process of, 52
;

process of superior maxillary, 47 ; sphe-
noidal process of, 53 ; muscles of, 232

Palatine artery, ascending, 343 ; descending
or posterior, 350; canal, anterior, 47,
posterior, 51 ; accessory, 51 ; fossa, ante-
rior, 48; nerves, 515: process of superior

maxillary, 47 ; veins, inferior, 429
Palato-glossus muscle, 230, 234 ;

pharyngeus,
234

Palmar arch, deep, 379, superficial, 382 ; cu-
taneous nerve, 537 ; fascia, 285 ; interossei

arteries, 382 ; nerve, deep, of ulnar, 540

;

superficial, 540 ; veins, 438
Pal maris brevis muscle, 287 ; longus muscle,
276

Palpebree, 567
Palpebral arteries, 357 ; cartilages, 587 ; fis-

sures, 587 ; folds ofconjunctiva, 589 ; liga-

ments, 088 ; muscles, 210 ; veins, inferior,

428, superior, 428
Pampiniform plexus of veins, 447, 722, 738
Pancreas, 654 : development of, cxlii, struc-

ture of, 655 ; lymphatics of, 463 ; vessels

and nerves of, 655
Pancreatic arteries, 392 ; duct, 655

;
plexus

of nerves, 565 ; veins, 448
Pancreatica magna artery, 392
Pancrearico-duodenal artery, 391 ; inferior,

393 ; vein, 448
;
plexus of nerves, 565

PapLUa laclm-malis, 587, 590 ; spiralis, 603
PapUlse of tooth, 615 ; conicfe et filiformes,

570 ; conjimctival, 589 ; ftmgiformes
(mediae), 570 ; of kidney, 702 ; maxim®
(circumvallatae), 570; of skin, xcvii; of
tongue, 570

PapUlary stage of development of teeth, 614
Par vagum, 523
Parietal bones, 23 ; articulations of, 25

;

attachment of muscles to, 25 ; develop-
ment of, 25 ; eminence, 24 ; foramen, 24

Parotid duct, 620 ;
gland, 619 ; accessory

portion of, 620 ; nerves of, 620 ; vessels of,

620 ; lymphatic glands, 454 ; veins, 430
Parovarium, cxlvi, 738
Patella, 127 ; articulations of, 128 ; attach-

ment of muscles to, 128 ; development of,

128; fracture of, 325
Pecquet, reservoir of, 453
Pectineus muscle, 301
Pectiniforme septum, 719
Pectoral region, dissection of, 262
Pectoralis major, 263, minor, 265
Peculiar dorsal vertebrse, 7
Pedicles of a vertebra, 3
Peduncles of cerebellum, 497 ; of cerebrum.

484, 494 ; of corpus callosum, 482 ; of
pineal gland, 493

Pelvic fascia, 767; parietal or obturator

layer, 768 ; visceral layer, 768
;
plexus, 566

Pelvis, 119, 710 ; arterie's of, 400 ; articula-

tions of, 167 ; axes of, 121 ; boundaries of,

119 ; biim of, 119 ; cavity of, 119 ; diame-
tere of, 121; false, 119'; inlet of, 119;
ligaments of, 167 ; lymphatics of, 460

;

male and female, diiferences of, 121 ; outlet

of, 121 ;
position of, 121 ; posirion of viscera

at outlet of, 764 ; true, 119 ; of kidney, 707
Penis, 718 ; arteries of, 720 ; body of, 718

;

corpora cavernosa, 719; corpus spongio-

sum, 719 ; development of, cxlviii ; dorsal

artery of, 405 ; dorsal vein of, 446 ; nerve

of, 552 ; suspensory ligament, 718 ; lym-
phatics of, 460, 721 ; muscles of, 761 ; nerves

of, 721
;
prepuce of, 718 ; root of, 718

Penniform muscle, 204
Perforans Ca«serii nerve, 535
Perforated space, anterior, 483

;
posterior, 484

Perforating arteries, of hand, 382 ; from
mammary artery, 368 ; from plantar, 424

;

from profunda. 414
Pericardiac arteries, 368, -386

Pericardium, relations of, 661 ; structure of,

661 ; fibrous layer of, 662 ; serous layer

of, 662 ; vessels of, 663 ; vestigial fold of,

Perichondrium, xlviii

Perilymph, 604
Perinfeal artery, superficial, 405, transverse,

405 ; fascia, deep, 762, superficial, 759

;

nerve, 552, superficial, 552
Perinseum, 759 ; abnormal course of arteries

in, 767 ; deep boundaries of, 759 ; Ivm-
phatics of, 460 : muscles of, 760 ; surgical

anatomy of, 759
Perineurium, Ixxviii

Periosteum, lii; of teeth, 609
Peritoneum, lesser cavity of, 627 ; ligaments

of, 627 : mesenteries of, 628 ; omenta of,

627 ; reflections traced, 625
Permanent cartilage, xlviii ; teeth, 609
Peroneal artery, 423 ; anterior, 424

;
peculi-

arities of, 423 ; nerve, 556 ; veins, 445
Peroneus brevis muscle, 317 ; longus, 316,

tertius, 311
Perpendicular plate of ethmoid, 40
Pes accessorius, 489 ; hippocampi, 489
Perit, canal of, 5,36

Petro-occipital suture, 60
Petro-sphenoidal suture, 60
Petrosal nerve, superficial or large, from

"\'idian, 516, external, 506, small, 506

;

sinus, inferior, 436, superior, 436
Petrous ganglion, 521

;
portion of temporal

bone, 31
Peyer's glands, 638
Phalanges, hand. 111, articulations of. 111,

187, development of, 112; foot, 143, arti-

culations of, 143, 203, development of, 143
Pharyngeal aponeurosis, 621 ; ai'ches, cxxvi

;

artery, ascending, -345 ; clefts, cxxvii
;
gan-

g ion, 561 ;
glands, 622 ; nerve, from ex-

ternal laryngeal, 524, from glosso-pharyn-

geai, 522, fiom Meckel's ganglion, 517

;

from sympathetic, 561, from vagus, 524

;

plexus of nerves, 522, 561 ; spine, 21 : vein,

431
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Pharynx, 621 ; aponeurosis of, 621 ; arteries

of, 345 ; development of, oxl ; mucous
memln-aue of, 621 ; muscles of, 230

Phlebolitlis, 446
Phrenic arteries, 396, nerve, 531

;
plexus of

nerves, 564, veins, 447
Pia mater, of brain, 472 j of cord, 466 ; tes-

tis, 724
Pigment, xlvii ; of iris, 581

Pigmentary layer of choroid, 579
Pillars of external abdominal ring, 742 ; of

diaphragm, 260 ; of fauces, 618 ; of fornix,

490
Pineal gland, 493

;
peduncles of, 493

Pinna of ear, 691 ; ligaments of, 591; mus-
cles of, 592 ; nerves of, 593 ; vessels of, 693

Pisiform bone, 106
Pituitary body, 484 ; development of, cxxix

;

fossa, 35 ; membrane, 574
Placenta, cxx
Plantar artery, external, 424 ; internal, 424

;

fescia, 318 ; ligaments, 200 ; cutaneous

nerve, 555 ; nerve, external, 656 ; internal,

655 ; veins, external, 446, internal, 444
Plantaris muscle, 313
Platj'sma myoides, 221
Pleura, 688 ; cavity of, 678 ; costalis, 688

;

pulmonalis, 678 ; reflections of, traced,

688 ; vessels and nerves of, 689
Plexus op Neeves, Ixxix ; aortic, 565 ; bra-

chial, 532 ; cardiac, deep, 662 ; superficial,

563 ; carotid, 560 ; external, 561 ; cavernous,

560 ; cervical, 661
;

posterior, 631 ; coe-

liac, 566 ; colic, left, 565 ; middle, 666

;

right, '665 ; coronary, anterior, 663
;
pos-

terior, 563 ; cystic, 566 : diaphragmatic,

664 ; epigastric or solar, 564 ; facial, 561

;

gastric, 666; gastro-duodenal, 666
;
gastro-

epiploic, 665 ; left, 666
;

great cardiac,

662 ; hagmorrhoidal, superior, 666 ; in-

ferior, 566; hepatic, 565; .hypogastric,

666, inferior, 666 ; ileo-colic, 665 ; infra-

orbital, 515 ; lumbar, 544 ; meningeal, 561

;

mesenteric, inferior, 666 ; superior, 665
;

oesopihageal, 525 ; ovarian, 565 ; ophthal-

mic, 561
;

pancreatic, 666
;

pancreatico-

duodenal, 666
;
pateDse, 660

;
pharyngeal,

522, 661; phrenic, 564; prostatic, 668;
pulmonary anterior, 525

;
posterior, 525

;

pyloric, 666 ; renal, 664 ; sacral, 551 ; sig-

moid, 565 : solar, 564 ; spermatic, 565

;

splenic, 666 ; superficial cardiac, 663

;

suprarenal, 564 ; tonsillar, 522 ; tympa-
nic, 522, 599 ; vaginal, 568 ; vertebral, 556

;

vesical, 666
Plexus of Veins. See Veins

Plica semilunaris, 589
Pneuniogastrie lobule of cerebellum, 496
Pneumogastric nerve, 523
Pomiun Adami, 676
Pons hepatis, 646 ; Tarini, 484
Pons Varolii, 477
Popliteal artery, 416; branches of, 417;

peculiarities of, 416; surgical anatomy of,

416 ; lymphatic glands, 458 ; nerve, ex-

ternal, 566 ; internal, 564 ; space, 416 ; vein,

445
Popliteus muscle, 314
Pores of the skin, cii

Portal canals, 648 ; fissure, 647 ; vein, 448,

648, 651, 674

Portio dura of seventh nerve, 505 ; mollis,

502 ; inter duram et moUera, 505
Porus opticus of sclerotic, 577
Posterior {See under each separate head)
Pott's fracture, 326
Pouches, laryngeal, 681
Poupart's ligament, 260, 742, 762
Prseputium clitoridis, 730
Prepuce, 718
Primitive gi'oove, cxiv

Princeps cervicis artery, 345
;
pollicis artery,

381
Processes or Process, acromion, 89 ; alveo-

lar, 47 ; angular, external, 27, internal,

27 ; auditoiy, 32
basilar, 21
ciliary, 580
clinoid, anterior, 37 ; middle, 35, posterior,

35 ; cochleariform, 33, 696 ; condyloid of

loTver jaw, 57; coracoid, 90; coronoid of

lower jaw, 57 ; of ulna, 98
ethmoidal of inferior turbinated, 64
frontal of malar, 49
hamular of lachrymal, 49, of sphenoid, 38

;

of helix, 691
of Ingrassias, 37
jugular, 21
lachrymal of inferior turbinated bone, 53
malar, 47 ; mastoid, 31 ; maxillary of in-

ferior tm-binated, 54, of malar bone, 50
;

mental, 55
nasal, 47
odontoid of axis, 5 ; olecranon, 98 ; oli-

vary, 35 ; orbital of malar, 50 ; of palate,

62
palatine of superior maxillary, 47

;
ptery-

goid of palate bone, 62, of sphenoid, 38
sphenoidal of palate, 53 ; spinous of tibia,

129; of ilium, 116; of sphenoid, 37;
styloid of temporal, 33 ; of ulna, 99 ; of
radius, 102

unciform, 108, of ethmoid, 40
vaginal of sphenoid, 36, of temporal, 33
vermiform of cerebellum, 495
zygomatic, 30

Processus ad medullam, 498; ad pontem,
498 : brevis of malleus, 597 ; eochleari-

foiTnis, 33, 598 ; e cerebello ad testes, 497

;

gracilis of malleus, 697
Profunda cervicis artery, 369 ; femoris ar-

tery, 413 ; vein, 445 ; inferior artery of

arm, 378, supeiior, 377
Promontory of tympanimi, 595 ; of sacrmu, 13
Pronator quadratus muscle, 278 ; radii teres

muscle, 274
Prosencephalon, 128
Prostate gland, 717, lobes of, 717; levator

muscle of, 717, 764 ; lymphatics of, 462
;

surgical anatomy of, 764 ; vessels and
nerves of, 718

Prostatic plexus of nerves, 568; of veins,
' 446

;
portion of urethi-a, 715 ; fluid, 718

;

sinus, 715
Protoplasm, xliii

Protovertebree, cxxiii

Protuberance, occipital, external, 20, internal,

21 ; maxillary (foetal), exxvi

Psoas magnus muscle, 295, parvus, 295
Pterygo-maxillary fissure, 69, ligament, 217
Pterygo-palatine artery, 350, canal, 36, nerve^

617
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Pterygoid arteries, 349 ; muscles, 219 ; fossa

of splienoid, 38; of lower jaw, 57; nerve,

517 ; notch, 38
;

plexus of veins, 430

;

process of palate bone, 52
;
processes of

sphenoid, 38 ; ridge, 37
Pubes, 117; angle "of, 117; crest of, 117;

spine of, 117 ; symphysis of, 117, 169
Pubic arch, 121 ; articulations of, 169

;
por-

tion of fascia lata, 298
Pubo-prostatic ligaments, 712
Pudendum, 729
Pudic artery in male, 403

;
peculiarities of,

404 ; in female, 405 ; accessory, 404 ; deep
external, 413 ; superficial external, 413

;

nerve, 552 ; vein, external, 444 ; internal,

445
Pulmonary artery, 425, 695 ; opening of, in

right ventricle, 666 ; capillaries, 695

;

nerves from vagus, 525 ; sinuses, 667

;

veins, 427, 450, 696 ; openings of, in left

auricle, 668
Puncta vasculosa, 485 ; lachrymalia, 590
Pulp cavity of tooth, 611 ; of spleen, 657

;

of teeth, development of, 616
Pupil of eye, 580 ; membrane of, 581

Pyloric artery, 391 ; inferior, 391, plexus, 565
Pylorus, 630
Pyramid in vestibule, 600 ; of cerebellum,

496 ; of thyroid gland, 696 ; of tympanum,
595

Pjrramidalis muscle, 255 ; nasi, 214
Pyramids, anterior, 474, decussation of, 474,

posterior, 474 ; of Ferrein, 705 ; of Mal-
pighi, 702 ; of the spine, 17

Pyriformis muscle, 306

Quadriceps extensor cruris muscle, 299
Quadratus femoris muscle, 307 ; lumborum,

255 ; menti, 216
Quadrigeminal bodies, 503

Radial artery, 378 ; branches of, 380
;
pecu-

liarities of, 379 ; surgical anatomy of,

379 ; lymphatic glands, 457 ;
nerve, 541

;

recurrent artery, 380 ; region, muscles of,

279 ; vein, 437
Radialis indicis arteiy, 382
Radiating fibres of retina, 584
Radio-carpal articulation, 180
Radio-ulnar articulations, inferior, 180; mid-

dle, 179, superior, 179
Radius, 101, articulations of, 103; develop-

ment of, 103, fracture of, 292
;
grooves in

lower end of, 102 ; muscles attached to,

103 ; oblique line of, 102 ; sigmoid cavity

of, 102 ; tuberosity of, 101 ; and ulna,

fracture of, 292
Rami of the lower jaw, 57
Ramus of ischium, 116; of pubes, 117
Ranine artery, 341 ; vein, 429
Ranvier, nodes of, Ixxviii

Raphe of corpus caUosum, 486 ; of palate,

618 ; of perinseimi, 759 ; of tongue, 570
Receiving tubes of kidney, 704
Receptaculi arterias, 355
Receptaculum chyli, 453
Recto-uterine ligaments, 733

Recto-vesical fascia, 768 ; fold, peritoneal, 712
Rectum, 641; development of, cxli; relations

of, male, 642, female, 643, 732 ; folds of, 644;
lymphatics of, 462 ; surgical anatomy of,

644
Rectus abdominis, 254; capitis anticus major,

235, minor, 235; posticus major, 248,
minor, 248 ; lateralis, 235 ; femoris muscle,

299 ; oculi, internus, superior, inferior, and
externus, 212 ; sternalis, 265

Recurrent artery, interosseous, 385 ; radial,

380; tibial, 420; ulnar, anterior, 383;
posterior, 383 ; laryngeal nerve, 525

;

nerves to tentorium, 504 ; tubes of Henle,

704
Region, abdominal, 249 ; acromial, muscles

of, 267 ; auricular, 209
back, muscles of, 237 ; brachial, anterior,

274, posterior, 281
cervical superficial, muscles of, 221
diaphragmatic, 259
epicranial, muscles of, 207 ; epigastric, 625
femoral, muscles of, anterior, 296, internal,

301, posterior, 308 ; fibular, 316 ; foot,

dorsum of, 319, sole of, 319
gluteal, muscles of, 303

;
groin, 740

of hand, muscles of, 285 ; humeral, ante-

rior, 271, posterior, 273 ; hypochondriac,

625 ; hypogastric, 625
iliac, muscles of, 294 ; infra-hyoid, 224

;

inguinal, 740 ; intermaxillary, muscles
of, 216 ; ischio-rectal, 757

laryngo-tracheal, surgical anatomy of, 686
;

lingual, muscles of, 228 ; lumbar, 625
maxillary, muscles of, inferior, 215 ; supe-

rior, 215
nasal, muscles of, 214
orbital, muscles of, 211
palatal, muscles of, 232

;
palpebral, 210

;

perineeum, 759; pharyngeal, muscles of,

230; popliteal, 415; pterygo-maxillary,

muscles of, 219
radial, muscles of, 279
scapular, muscles of, anterior, 268 ;

poste-

rior, 269 ; Scarpa's triangle, 409 ; supra-

hyoid, muscles of, 226
temporo-maxillary, muscles of, 217; tho-

racic, 256, anterior, 263; lateral, 266;
tibio-fibular, anterior, 310, posterior, 312

umbilical, 625
vertebral, muscles of, anterior, 235, lateral,

236
Regions of abdomen, 625
Reil, island of, 483
Renal afierent vessels, 702, 706 ; artery, 396,

706; efferent vessels, 703, 706; plexus,

564 ; veins, 447, 706
Reservoir of thymus, 698
Respikation", organs of, 676, muscles of, 258
Respiratory nerves of Bell, external, 534,

internal, 531
Restiform bodies of medulla oblongata, 474,

475
Rete mucosum of skin, xcviii ; testis, 724
Reticular cartilage, li

Retiform cellular tissue, xlvi

Retina, 582, arteria centralis of, 357, 584;
fovea centralis of, 582 ; limbus luteus of,

582 ; membrana limitans of, 583 ; nervous
layer of, 583 ; niunmular layer of, 583

;

radiating fibres of, 584
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Eetinacula of ileo-csecal valve, 640
Eetrahens aurem muscle, 210
Rhomboid impression, 85 ; ligament, 171

Rhomboideus, 214, major, 241, minor, 241
Riba, 79 ; angle of, 80 ; articulations of, 161

;

attachment of muscles to, 83 ; develop-

ment of, 81 ; false, 79 ; floating, 79 ; head
of, 80 ; ligaments of, 161 ; neck of, 80

;

peculiar, 81 ; true, 79; tuberosity of, 80;
vertebral, 79 ; vertebro-eostal, 79 ; ver-

tebro-sternal, 79
Ridge, internal occipital, 21 ; mylo-hyoidean,

56
;
ptervgoid, 37 ; superciliary, 26 ; tem-

poral, so", 67
Rima glottidis, 680
Ring, abdominal, external, 250, 742, internal,

745 ; femoral or crural, 754 ; fibrous of

heart, 670
Risoriiis muscle, 217
Rolando, tubercle of, 476
Root of lung, 692
Roots of spinal nerves, 527 ; of teeth, 609

;

of zygomatic process, 30
RosenmuUer, organ of, cxlvi, 738
Rostrum of sphenoid bone, 36 ; of corpus

callosum, 486
Rotation, 160
Rotatores spinte muscles, 247
Round ligaments of uterus, 738 ; relation of,

to femoral ring, 754 ; of liver, 646
Rugae of stomach, 631 ; of vagina, 732
Ruptm'e of urethra, course taken by urine in,

760

Sac, lachrymal, 590 ; of omentum, 627
Saccular stage of development of teeth, 616
Saccule of vestibule, 605
Sacculus laryngis, 681
Sacra-media artery, 397
Sacral arteries, lateral, 407 ; canal, 15 ; cor-

nua, 14; foramina, 13; ganglia, 566;
lymphatic glands, 460 ; nerves, 650

;

plexus, 661 ; vein, lateral, 446, middle, 446
Sacro-coccygeal ligaments, 169
Sacro-iliac articulation, 167
Sacro-lumbalis muscle, 244
Sacro-sciatic foramen, greater, 116, 168

;

lesser, 116, 168 ; ligaments, 167 ; notch,

greater, 116, lesser, 116
Sacro-vei-tebral angle, 13
Sacrum, 12, articulations of, 16, attachment

of muscles to, 16, development of, 16,

peculiarities of, 15, structiu-e of, 15
Sacs, dental, 616
Sagittal suture, 59
Salivary glands, 619, structure of, 621
Santorini, cartilages of, 678
Saphenous nerve, long or internal, 549, short,

555
;
opening, 298, 751 ; vein, external or

short, 444, internal or long, 444, 749
Sarcolemma, Ixiii

Sarcous elements of muscle, Ixiv

Sartorius muscle, 298
Scala tympani of cochlea, 602 ; vestibuli of

cochlea, 602
Scalfe of cochlea, 602
Scalenus auticus, 236, mediiis, 237

;
posticus,

237
_

Scaphoid bone, hand, 104, foot, 139 ; fossa of
sphenoid, 38

Scapula, 86 ; articulations of, 91 ; attachment
of muscles to, 91 ; development of, 90

;

dorsiun of, 87 ;
glenoid cavity of, 90

;

head of, 90; ligaments of, 174; muscles
of, 267 ;

spine of, 88 ; venter of, 85
Scapular artery, posterior, 367, region, muscles

of, anterior, 268
;

posterior, 269 ; veins,

439
Scapulo-olavicular articulation, 172
Scarfskin, xcviii

Scarpa's triangle, 409
Schindylesis, 148
Schneiderian membrane, 574
Schwann, white substance of, Ixx
Sclerotic, 576
Sciatic artery, 405 ; nerve, greater, 554,

lesser, 562 ; veins, 445
Scrotal hernia, 747
Scrotum, 721; dartosof, 721 ; development of,

cxlviii ; lymphatics of, 722 ;
nerves of, 722

;

septimi of, 721 ; vessels of, 722
Sebaceous glands, ci

Secreting glands, cvi

Sella turcica, 35, 63
Semen, 727 ; liquor seminis of, 727 ; semi-

nal granides of, 727 ; spermatozoa of, 727
Semicircular canals, 600
Semilunar bone, 104 ; cartilages of knee,

193; ganglion of fifth nerve, 511 ; of ab-

domen, 664; valves, aortic, 669
;
pulmonic,

667
Semimembranosus muscle, 309
Seminal granules, 727 ; ducts, 726 ; vesicles,

726
Seminiferous tubes, 724
Semispinalis muscle, 247
Semitendinosus muscle, 308
Senac, on structure of beart's valves, 666
Senses, organs of the, 569
Separation of epiphyses, Ixiii

Septum auricidarum, 668 ; crm-ale, 755
lucidum, 490 ; of medulla oblongata, 476
of nose, 72 ; cartilage of, 573

;
pectiniforme

719 ; of Pons Varolii, 477 ; scroti, 721
subarachnoid, 466 ; of tongue, 571
ventriculorum, 666

Septum between bronchi, 685
Serous membranes, ov
Serratns magnus, 266

;
posticus inferior, 242

;

superior, 242
Sesamoid bones, 143 ; cartilages, 573
Seventh nerve, 502, 505
Shaft of a bone, its structm'e, 1

Sheath of arteries, Ixxxviii ; ofmuscles, Ixiii

;

of nerves, Ixxviii ; femoral or crural, 753
;

of rectus muscle, 255
Short bones, 1

Shoulder, muscles of, 262
;
joint, 174 ; vessels

and nerves of, 175
Sigmoid artery, 395; cavity, greater and

lesser of ulnar, 98 ; of radius, 102 ; flexure

of colon, 641 ; meso-colon, 629 ; notch of

lower jaw, 57
Sinuses, cranial, 26, 428, 434 ; confluence of

the, 435 ; cavernous, 435 ; circular, 436
;

lateral, 435 ; longitudinal inferior, 435

;

superior, 433 ; occipital, 435
;

petrosal,

inferior, 436, superior, 436 ; straight, 435
;

transverse, 436
Sinuses of nose, 26 ; ethmoidal, 40 ; frontal,

28 ; maxillary, 46 ; sphenoidal, 35
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Sinuses of Valsalva, aortic, 660
;
pulmonary,

667
Sinuses of heart, of right auricle, 664, of left,

668 ; of coronary vein, 450, 665
Sinus circularis iridis, 581
Sinus of jugular vein, 431
Sinus of 'kidney, 700
Sinus pocularis, 715
Sinus prostaticus, cxlvi, 715
Sixth nerve, 504
Skeleton, 1, number of its pieces, 1

Ssnsr, Oeneral Anatoimj of, xcvi ; append-
ages of, xcix ; areolte of, xcvii ; coriuui of,

xovii ; cuticle of, xcviii ; derma, or true

skin, xcvi; development of, cxxxiv; epi-

dermis of, xcviii ; furrows of, xcviii ; hairs,

c : muscular fibres of, xcvii ; nails, xcix

;

nerves of, xcix
;
papillary layer of, xcvii

;

rete mucosum of, xcviii ; sebaceous glands

of, ci ; sudoriferous or sweat glands of,

cii ; tactile corpuscles of, Ixxxi ; vessels of,

xcix

Skull, 19, 61 ; anterior region, 69 ; base of,

external surface, 64, internal surface, 61

;

fossa of, anterior, 61, middle, 68
;
posterior,

64 ; lateral region of, 67 ; tables of, 1
;

vertex of, 61 ; vitreous table of, 1

Slender lobe of cerebellum, 497
Small intestine, cellular coat of, 635 ; mu-

cous coat of, 635 ; muscular coat of, 635
;

serous coat of, 635; simple follicles,

637 ; valvules conniventes, 635 ; villi of,

635
Small intestines, 633 ; duodenum, 633

;

ileum, 634; jejunum, 633
Socia parotidis, 620
Sbmmering, foramen of, 582
Soft palate, 618 ; aponeurosis of, 618 ; arches

or pillars of, 618 ; muscles of, 232 ; struc-

ture of, 618
Solar plexus, 564
Sole of foot, muscles of, first layer, 319,

second layer, 331, third layer, 322
Soleus muscle, 313
Solitary glands, 637
Space, anterior perforated, 483 ; axillary,

369 ; intercostal, 79
;
popliteal, 415

;
pos-

terior perforated, 484
Spaces, Haversian, Iv

Spbkmatic Akiery, 396, 722 ; canal, 744

;

cord, 723 ; arteries of, 722 ; course of, 722
;

lymphatics of, 723 ; nerves of, 723 ; rela-

tion to femoral ring, 754 ; relations of, in

inguinal canal, 722, 744; veins of, 722;
fascia, external, 250, 742

;
plexus of nerves,

565, of veins, 447 ; veins, 447, 722
Spermatozoa, 727
Spheno-maxillary fissure, 69 ; fossa, 69
Spheno-palatine arterj', 350 ; foramen, 53

;

ganglion, 515; nerves, 514; notch, 53
Spheno-parietal suture, 60
Sphenoid bone, 34, articulations of, 39 ; at-

tachment of muscles to, 39, development
of, 38, greater wings of, 30, lesser wings
of, 37, pterygoid processes of, 38, rostrum
of, 36 ; spinous process of, 36, vaginal pro-

cesses of, 36
Sphenoidal fissure, 37 ;

nerves in, 505
;
pro-

cess of palate, 52 ; sinuses, 35 ; spongy
bones, 38

Sphincter muscle of bladder, 713; of rectum

external, 758, internal, 768 ; of vagina,

762
Spinal arteries, anterior, 365, lateral, 365,

posterior, 365, median, 365; canal, 19
Spinal Cord, Oeneral Anntomy of, Ixxiv ; de-

velopment of, cxxxi ; arachnoid of, 466 ; ar-

rangement of grey and white matter in,

Ixxiv, central canal of, Ixxvii, central liga-

ment of, 467, colimms of, 468, dura mater
of, 465, fissures of, 468, fcetal peculiarity

of, 467, grey commissure of, 469, internal

structure of, Ixxv, ligamentum denticu-

latum of, 467, membranes of, 465, neuri-

lemma of, 467, pia mater of, 466, sections

of, 468, white commissure of, 468, 469,

white matter of, Ixxv

Spinal nerves, Ixxvi, 527 ; arrangement into

groups, 527, branches of, anterior, 528,

posterior, 528, ganglia of, 528, origin of

roots, anterior, 527, posterior, 527
Spinal veins, 442, longitudmal anterior, 442,

posterior, 442
Spinal accessory nerve, 522
Spinalis colli muscle, 246 ;

dorsi, 245
Splne, General Desa-iption of, 17 ; articula-

tions of, 164 ; development of, cxxiii ; ossi-

fication of, 11
Spines of bones, ethmoidal, 34, 40 ; of ischium,

116; nasal, 28, anterior, 48, posterior, 51
;

pharyngeal, 21 ; of pubes, 117 ; of scapula,

88
Spinous process of ilium, 115, of sphenoid,

37, of tibia, 129, of vertebrae, 3
Spiral canal of cochlea, 601
Splanchnic nerve, greater, 663, lesser, 664,

smallest or renal, 564
Splebu", 656 ; capillaries of, 659 ; fibrous

elastic coat of, 667 ; lymphatics of, 463,

660 ; Malpighian corpuscles of^ 668, nerves

of, 660
;
proper substance of, 657 ; rela-

tions of, 665 ; serous coat of, 666 ; size

and weight, 656 ; artery of, 659 ; struc-

ture of, 656; trabeculse of,667 ; veins of, 660
Splenic artery, 392, distribution of, 659

;

plexus, 565 ; corpuscles, 668 ; vein, 448
Splenius muscle, 243
Spongy portion of m'ethi'a, 716 ; tissue of

bone, 1

Squamo-sphenoidal suture, 60
;

parietal

suture, 60
Squamous portion of temporal bone, 29
Stapedius muscle, 598
Stapes, 597 ; annular ligament of, 598
Stellate ligament, 161

;
plexus of kidney, 706

Steno's duct, 620
Sternal end of clavicle, fracture of, 290

;

foramen, 78 ; ligaments, 170 ; nerves, 530
Sterno-clavicular articulation, 171
Sterno-hyoid muscle, 224
Sterno-mastoid muscle, 222 ; artery, 340
Steruo-thyrold muscle, 224
Sternum, 75 ; articulations of, 79 ; attachment

of muscles to, 79, development of, 77,
ligaments of, 165

SiojiACH, 629 ; alteration in position of,

630; alveoli of, 632, cardia of, 629;
celliilar coat of, 631 ; curvatures of, 629

;

development of, cxl ; fundus of, 629

;

gastric follicles of, 632 ; ligaments of, 622
;

lymphatics of, 462 ; mucous glands of, 639

;

mucous membrane of, 631 ; muscular coat
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of, 631 ; orifices of, 629
;
pyloric end of, 629

;

pylorus, 630; serous coat of, 631; simple

follicles of, 632; splenic end' of, 629;
structure of, 631 ; sm-faces of, 629 ; vessels

and nerves of, 632
Straight sinus, 435
Straight tubes of kidney, 704
Stratiform flbro-oartilage, li

Strife longitudinales, 486 ; laterales, 486 ; of

mviscle, Ixiv

Striped muscle, Ixiii

Stroma of ovary, 736
Stylo-glossus muscle, 230
Stylo-hyoid ligament, 160 ; muscle, 227

;

nerve from facial, 508
Stylo-mastoid artery, 345 ; foramen, 33

;

vein, 430
Stylo-maxillary ligament, 160
Stylo-pharyngeus muscle, 232
Styloid process of temporal hone, 33 : of

radius, 102 ; of ulna, 99
Subanconeus muscle, 274
Subarachnoid space of brain, 472 ; of cord,

466 ; fluid, 472 ; septum, 466
Subclavian arteries, 359 ; branches of, 364

;

first part of, left, 361, right, 360, peculiari-

ties of, 362, second portion of, 361 , third,

361, surgical anatomy of, 362; groove, 81
;

nerve, 534, triangle, 352 ; vein, 439
Snbclavius muscle, 265
Subcrureus muscle, 300
Sublingual artery, 341 ; fossa, 56 ;

gland,

616 ; vessels and nerves of, 616
Sublobular veins, 643
Submaxillarv artery, 343 ; fossa, 56 ;

gan-

glion, 517
;
gland, 620 ; nerves of, 615

;

vessels of, 615 ; lymphitic gland, 453

;

triangle, 352
Submental artery, 343 ; vein, 429
Sub-occipital nerve, 528; posterior branch

of, 532
Sub-peduncular lobe of cerebellum, 496
Sub-pubic ligament, 169
Subscapular aponeurosis, 268 ; artery, 373

;

fossa, 86; nerves, 536
Subscapularis muscle, 268
Sudoriferous glands, cii

Sulci of cerebrimi, 478
Sulcus spiralis, 602
Supercilia, 587
Superciliary ridge, 26
Superficial palmar arch, 382 ; cervical artery,

367 ; circumflex iliac artery, 413
;
perinseal

artery, 405
Superficialis colli nerve, 530 ; volje artery, 380
Superior maxillary bone, 44; articulations

of, 48 ; attachment of muscles to, 48 ; de-

velopment of, 48; nerve, 513
Superior meatus, 74, 574; profunda artery,

877; turbinated crest, 47; of palate, 51
;

vena cava, 441
Superior thyroid artery, 340
Supinator brevis muscle, 282 ; longus, 279
Supra-clavicular nerves, 530
Supra-maxillary nerves from facial, 608
Supra-orbital arch, 26 ; artery, 367 ; fora-

men, 27, 70; nerve, 612 ; notch, 27
Suprarenal arteries, 396 ; capsules, 708

;

nerves of, 710; vessels of, 710; plexus,

664 ; veins, 447

Supra-scapular artery, 366; nerve, 534
J

notch, 89
Supra-spinales muscles, 247
Supra-spinatus muscle, 269
Supra-spinous ligaments, 154 ; aponeurosis,

269
Supra-trochlear nerve, 511
Sural arteries, 417 ; veins, 445
Stjegical Anatomy, of abdominal aorta,

389 ;
of anterior tibial, 420 ; of arch of

aorta, 332 ; of axilla, 369 ; of axillary

artery, 372
of base of bladder, 765 ; of brachial artery,

376 ; bend of elbow, 375
of common carotid artery, 338 ; of common

iliac artery, 399 ; of dorsalis pedis, 421
of external carotid, 389 ; iliac, 408
of facial artery, 344 ; of femoral artery,

41 1 ; of femoral hernia, 748
of hamstring tendons, 309
of inguinal hernia, 740 ; of internal carotid,

355 ; of iliac arteries, 401 ; of ischio-

rectal region, 757 ; of innominate avterj',

334
of laryngo-tracheal region, 686; of lingual

artery, 841
of muscles of e3'e, 213; of muscles oflower

extremity, 323 ; of soft palate, 236, of

muscles of upper extremity, 289
of oesophagus, 622
of perinfeum, 769; of popliteal artery,

416 ; of posterior tibial, 422 ; of pro-

state gland, 764
of radial artery, 879
of Scarpa's triangle, 411
of sterno-mastoid muscle, 224
of subclavian artery, 862
of superior thyroid, 341
of talipes, 317 ; of temporal artery, 347

;

of thoracic aorta, 386; of tiiangles of

neck, 350
of ulnar artery, 883

Suspensory ligament of incus, 598 ; of lens,

686; of liver, 645; of malleus, 697; of

penis, 718
Sustentaculum tali, 136
Sutura, 147 ; dentata, 148 ; harmonia, 148

;

limbosa, 148 ; notha, 148 ; serrata, 148

;

squamosa, 148 ; vera, 147
Sutural ligament, 146
StriTJEB, basilar, 60; coronal, 60; cranial, 59;

ethmo-sphenoidal, 61 ; ethmoido-frontal,

61; frootal, 26, 29, 60; fronto-parietal,

60 ; fronto-sphenoidal, 61 ; intermaxillary,

70 ; internasal, 69 ; interparietal, 59
;

lambdoid, 60 ; malo-maxillary, 70 ; masto-
occipital, 60 ; masto-parietal, 60 ; naso-

maxillary, 69 ; occipito-parietal, 60 ;
petro-

oocipital, 60
;
petro-sphenoidal, 60 ; sagit-

tal, 59 ; spheno-parietal, 60 ; squamo-
parietal, 60 ; squamo-sphenoidal, 60 ; tem-
poral, 32 ; transverse, 60

Swallow's nest of cerebellum, 496
Sweat-glands, cii

Stmpaihbiic Nesve, Ixxix, 558; cervical

portion, 660 ; cranial portion, 560 ; lumljar

portion, 566
;
pelvic portion, 666 ; thoracic

portion, 663
Sylvius, fissure of, 483 ; aqueduct of, 493
Symphj'sis of jaw, 56

;
pubis, 117, 169

Synarthrosis, 147



INDEX. 797

Synovia, 146, 147
Stnovial Membkane, 146, articular, 146,

bursal, 147, vagiual, 147. See also Indi-

vidual Joints

Systemic arteries, 327 ; veins, 427
System, Haversian, liv

Tables of the skull, 1

Tactile corpuscles, Ixxxi

Taenia hippocampi, 488 ; semi-circularis, 488,

violacea, 498
Tarsal bones, 134, ligament, 199; cartilages

of eyelid, 587 ; hgament of eyelid, 588
Tarsal artery, 421
Tarso-metatarsal articulations, 202
Tarsus, 134 ; articulations of, 199 ; synovial

membranes of, 200 ; development of, 143
Teeth, 609 ; bicuspid, 610 ; body of, 609

;

canine, 610 ; cement of, 615 ; crown of,

610 ; crusta petrosa of, 612
;
cortical sub-

stance of, 613 ; cuspidate, 610 ; deciduous,

609; dental tubidi of, 612; dentine of,

612 ; development of, 613 ; enamel of,

613 ; eruption of, 617 ; eye, 610 ; false

molars, 610; fang- of, 609; general cha-

racters of, 609; growth of, 616; incisors,

609 ; iutertubular substance of, 6l2 ; ivory

of, 612; milk, 609, 611; molar, 610;
multicuspidate, 610

;
permanent, 609

;
pulp

cavity of, 611 ; root of, 609 ; structure of,

611; temporary, 609, 611; true or large

molars, 610; wisdom, 611
Temporal artery, 346 ; anterior, 346 ; deep,

349; middle, 346; posterior, 346; sur-

gical anatomy of, 347
Temporal bone, 29 ; articulations of, 34 ; at-

tachment of muscles to, 34 ; development

of, 34 ; mastoid portion, 30
;
petrous por-

tion, 31 ; squamous portion, 29 ; structm-e

of, 34
Temporal fascia, 218 ; fossae, 67 ;

ganglion,

561 ; muscle, 218 ; nerves of auriculo-

temporal, 508 ; deep, 517 ; of facial, 508
;

ridge, 30, 67 ; suture, 32 ; veins, 429
Temporary cartilage, xlviii; teeth, 609, 611

Temporo-facial nerve, 508 ; malar, 613

;

maxillary articulation, 159 ; maxillary

vein, 430
Tendo Acbillis, 313

;
palpebrarum or oculi, 210

Tendon, central, or cordiform, of diaphragm,

260 ; conjoined of internal oblique and
transversa'lis, 252, 743; of wrist, 284;
of ankle, 198; of hamstring, 309

Tendon, structure of, 205
Tensor palati muscle, 233 ;

tarsi muscle, 211

;

tympani muscle, 598 ; canal for, 33, 596

;

vaginae femoris muscle, 298
Tentorium cerebelli, 471
Teres major muscle, 270 ; minor, 270

Testes, 721 ; coni vasculosi of, 725 ; cover-

ings of, 721, 723; development of, cxlvii
;

tunica albuginea, 724 ; vaginalis, 723 ;
vas-

culosa, 724
;
gubernaculum testis, 727

;

lobules of, 724 ;
lymphatics of, 462 ;

mode
of descent, 727 ; rete testis, 724 ; size and

weight of, 723 ; structure of, 724 ; tubuli

semi'niferi of, 724; vas deferens of, 725;
vasa efferentia of, 724 ; vas recta of, 724

;

vasculum aberrans of, 725
Thalamencephalon, cxxix

Thebesii venre, 450 ; foramina, 450
Thalami optici, 491
Theca vertebralis, 465
Thigh, muscles of back, 308 ; deep fascia,

fascia lata, 297 ; superficial fascia, 296,
748 ; muscles of front, 296

Third nerve, 503 ; ventricle of the brain, 492
Thoracic aorta, 385; surgical anatomy of,

386
Thoracic artery, acromial, 373; alar, 373;

long, 373 ; superior, 373
Thoracic duct, 453
Thoracic ganglia of sympathetic, 563
Thoracic nerves, anterior, 534

;
posterior, or

long, 534
Thoracic region, muscles of anterior, 263

;

Lateral, 266
Thorax, Genei-al Description of, 661 ; base

of, 661 ; bones of, 75 ; boundaries of, 661

;

cutaneous nerves of, anterior, 543 ; lateral,

643 ; fascite of, 257 ; lymphatics of, 463,

464 ; muscles of, 256
;

parts passing
through upper opening of, 661

Thumb, articulation of, with carpus, 185

;

muscles of, 285
Thvmus gland, 698 ; chemical composition,

699 ; lobes of, 698 ; lymphatics of, 464
Thj-ro-arytenoid ligament, inferior, 681 ; su-

perior, 680
Thyro-arytaenoideus muscle, 682
Thyro-epiglottic ligament, 678
Thyro-epiglottideus muscle, 683
ThjTo-hyoid ligaments, 679 ; membrane, 678

;

muscle, 225 ; nerve, 510
Thyroid artery, inferior, 366; middle, 333,

334,697; superior, 340; surgical anatomy of,

341 ; axis, 366 ; branches of sympathetic,

561; cartilage, 676; foramen, 117; gan-
glion, 661

;
gland, 696 ; chemical compo-

sition, 698 ; isthmus of, 696 ; lymphatics
of, 464 ; veins, inferior, 440 ; middle, 432

;

superior, 432
Tibia, 128 ; articulations of, 1.32 ; attach-
ment of muscles to, 132 ; crest of, 130

;

development of, 132 : fracture of shaft of,

325 ; nutrient artery of, 424 ; spinous
process of, 129 ; tubercle of, 129 ; tubero-
sities of, 129

Tibial artery, anterior, 418; branches of,

420
;
peculiarities of, 419 ; surgical ana-

tomy of, 420
;
posterior, 422 ; branches of,

423
;
peculiarities of, 422

; surgical ana-
tomy of, 422 ; lymphatic glands, 458

;

nerve, anterior, 556; posterior, 665 ; recur-

rent artery, 420 ; veins, anterior, 445
;
pos-

terior, 445
Tibialis anticus muscle, 310; posticus muscle,

315
Tibio-fibular articulations, 196 ; region, ante-

lior, muscles of, 310
;
posterior, 312

Tibio-tarsal ligament, 197
Tongue, 569 ; arteries of, 572 ; fibrous sep-

tum of, 671 ; follicles of, 671 ; fraenum of,

570 ; mucous glands, 671 ; mucous mem-
brane of, 570 ; muscles of, 228 ; nei-ves of,

672
;
papilla; of, 670

Tonsillar nerves, 522
Tonsillar artery, 343
Tonsils, 618 ; nerves of, 619; vessels of, 619;

of cerebellum, 496
Torcular Herophili, 21, 435
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Trabecules of corpus cavernosum, 719; of

spleeiij 657 ; of testis, 724 ; of foetal skull,

cxxv
Teaohea, 685 ; cartilages of, 685

;
glands of,

686, relations of, 635 ; structm-e of, 685
;

surgical anatomy of, 686 ; Tessels and
nerves of, 686

Traohelo-mastoid muscle, 245
Tracheotomy, 687
Trachoma glands, 589
Tractus iutermedio-lateralis, Ixxvi

Tractus opticus, 501

Tragious muscle, 502

Tragus, 591
Transversalis fascia, 745 ; muscle, 254
Transversalis colli artery, 367 ; muscle, 245
Transverse arteries of basilar, 366 ; colon,

641 ; facial artery, 346 ; vein, 430 ; fissure

of brain, 490 ; of liver, 647 ; ligament of

atlas, 156, of hip, 100, of knee, 104, of

scapula, 174 ; tibio-fibular, 107 ; meso-

colon, 641
;
process of a vertebra, 3 ; sinus,

436 ; suture, 60
Transversus auriculae, 502

;
jpedis, 322

:

perinaei, 761
;
perinasi (in female), 762

Trapezium bone, 106
Trapezius muscle, 238
Trapezoid bone, 106; ligament, 172

Triangle, inferior carotid, 350 ; of Hesselbaoh,

747 ; of neck, anterior, 350; posterior, 352;

occipital, 351 ; Scarpa's, 408 ; subclavian,

352 ; submaxillary, 352 ; superior carotid,

351
Triangidar ligament of abdomen, 250, 743

;

of urethi'a, 762
Triangularis sterni muscle, 257
Triceps extensor cruris, 209 ; extensor cubiti,

273
Tricuspid valves, 666
Trifacial or trigeminus nerves, 510
Trig-one of bladder, 714
Trochanteric fossa, 123
Trochanter, greater, 122 ; lesser, 123

Trochlea of humerus, 94
Trochlear nerve, 503
True pelvis, 119 ; ligaments of bladder, 712,

ribs, 79 ;
corpus luteum, 737

Trunk, articulations of, 151 ; muscles of, 237

Tube, Eustachian, 596 ; Fallopian, 735
Tuber cinereum, 484 ; ischii, 116

TubBrcle of the clavicle, 84 ; of the femur,

124
;
genital, oxlviii ; lachrymal, 47 ; lami-

nated of cerebellum, 406 ; of Lower, 665
;

for odontoid ligaments, 21 ; of Rolando,

476; of scaphoid, 104; of the tibia, 129;
of ulna, 98 ; of zygoma, 30

Tubercles, genial, 56 ; of ribs, 80
Tubercula quadrigemiua, 403
Tubercolo cinereo, 476
Tuberosities of humerus, greater and lesser,

92 ; of tibia, 129
Tuberosity of ischiimi, 116 ; maxillary, 44

;

of palate bone, 52 ; of radius, 101

Tubes, bronchial, 685, structure of, in lung,

693
Tubular nerve fibres, Ixx

Tubular substance of kidney, 701
Tubuli, dental, 612; contorti of kidney, 703;

of Ferreiu, 705 ; lactiferi, 739 ; recti, 704;
seminiferi, 724; uriniferi, 703

Tubulus centralis modioli, 601

Tuft, vascular, in Malpighian bodies of kid-

ney, 702
Tunica albuginea, 724 ; of ovary, 736

;

Ruychiana, 579 ; vaginalis, 723 : vagi-

naUs propria, 723; reflexa, 724; vascu-
losa testis, 724

Turbinated bone, superior, 41 ; inferior, 53

;

middle, 41
Tutamina oculi, 587
Tj'mpanio artery, from internal carotid, 355

;

from internal maxillary, 348 ; bone, 34

;

nerve, 522, 599 ; of facial, 507
Tympanttm, 504 ; arteries of, 598 ; cavity

of, 504 ; membrane of, 506 ; mucous
membrane of, 506 ; muscles of, 508

;

nerves of, 500 ; ossicula of, 506 ; veins of,

599
Tyson's glands, 718

Ulna, 96 ; articulations of, 101 ; ooronoid pro-

cess of, 98 ; olecranon process of, 98

;

development of, 101; fracture of coronoid

process of, 291 ;
of olecranon, 291 ; of shaft,

292 ; muscles attached to, 101 ; sigmoid

cavities of, 98 ; styloid process of, 99

;

tubercle of, 08
Ulnar artery, 382 ; branches of, 383

;
pecu-

liarities of, 383 ; surgical anatomy of, 383
;

lymphatic glands, 457 ; nerve, 530 ; artery,

recurrent, anterior, 383
;

posterior, 383

;

vein, anterior, 437
;
posterior, 437

Umbilical arteries in foetus, cxxxviii, 673

;

liow obliterated, 675 ; cord, cxx ; fissm-e

of liver, 646 ; region, contents of, 625

;

vein, cxx, 675 ; how obliterated, 675

;

vesicle, cxvi

Umbilicus, cxv, 256
Unciform bone, 108 ;

proces of ethmoid,

40
Ungual phalanges. 111
Unstriped muscle, Ixvi

Upper extremity, arteries of, 359 ; bones of,

83 ; fascia of, 262 ; ligaments of, 171
lymphatics of, 456 ; muscles of, 262
nerves of, 534 ; surgical anatomy of, 289
veins of, 437

Urachus, 711
Ureters, 701, 707 ; muscles of, 713 ; nerves

of, 708 ; vessels of, 708
Ueethba, development of, cxlviii ; male,

714; bulbous portion of, 715; caput gal-

linaginis, 715 ; membranous portion, 715
;

prostatic portion, 715; sinus of, 715; rup-

ture of, course taken by urine, 760 ; sinus

pocularis of, 715 ; spongy portion of, 715
;

structure of, 716 ; verumontanum, 715

;

female, 781
Urinary organs, 700 ;

development of, cxliii

Urogenital sinus, cxlviii

Uterine arteries, 402 ; nerves, 568
;
plexus of

veins, 446
Uteeus, 733 ; appendages of, 735 ; arbor

vitse of, 734 ; broad ligaments of, 733

;

cavity of, 733 ; development of, cxlvii

;

ganglia of, 568 ; nerves of, 568 ; in fcetus,

735 ; fundus, body, and cervix of, 733

;

ligaments of, 733 ; lymphatics of, 462

;

during menstruation, 735 ; in old age, 735

;

after parturition, 735 ;
during pregnancy,

735 ; at puberty, 735 ; round ligaments of,



INDEX. 799

738 ; sbape, position, dimensions, 733

;

structure of, 734 ; vessels, 734 ; nerves of,

568, 734
Uterus masoulinus, or utriculus liominis,

cxlvii, 715
"Utricle of vestibule, 604
Uvea, 581

Uvula of throat, 618 ; of cerebellum, 496

;

vesicfe, 714

Vagina, 732 ; columns of, 732 ;
lymphatics

of, 462 ;
orifice of, 730

Vaginal arteries, 402
;
plexus of nerves, 568

;

plexus of veins, 446
;
portal plexus, 651

;

process of temporal, 33
;
processes of sphe-

noid, 36 ; synovial membranes, 147

Vagus nerve, 523 : ganglion of root of, 523
;

of trunk of, 524'

VaUey of cerebellum, 496
Valsalva, siniLses of, 329, 667, 669
Valve of Banhin, 640; coronary, 665; of

cystic duct, 653 ; Eustachian, 665 ; of

gall-bladder, 652 ; ileo-ca3cal, 640 ; of

Kerkring, 685 ; mitral, 669 ; of Vieusseus,

494
Valves in right auricle, 665; semilunar

aortic, 669
;

pulmonic, 667 ; tricuspid,

686 ; of lymphatics, xcii ; of veins, xcii

Valvule conniveutes, 635
Vas deferens, 725 ; structure of, 725 ; aber-

rans, 725
Vasa aberrantia, from brachial artery, 376

;

afferentia of lymphatic glands, 452 ; brevia

arteries, 392 ; veins, 448 ; efterentia of

testis, 724 ; of lymphatic glands, 453

;

vasonun of arteries, Ixxxviii ; of veins,

xcii ; intestini tenuis arteries, 393 ; recta,

724
Vascular system, changes in, at birth, 675

;

peculiarities in foetus, 672
Vasculum aberrans, 725
Vastus externus muscle, 299 ; internus and

crureus, 300
Veins, General Anatomy of, xc ; anastomoses

of, 427 ; coats of, xc ; development of,

cxxxviii ; muscidar tissue of, xci
;
plexuses

of, 427 ; size, form, etc., 427 ; structure

of, xc ; valves of, xcii ; vessels and nerves

of, xcii

Veins or Vein, Desciijitive Anatomy of,

427 ; of ate nasi, 428 ; angular, 428 ; ar-

ticular of knee, 445 ; auditory, 605
;

auricular anterior, 430
;
posterior, 430

;

axiUary, 439 ; azygos, left lower, 441

;

left upper, 441 : right, 441

basilic, 437 ;
basi-vertebral, 442 ; of bone,

li ; brachial, 438 ; brachio-cephalic or

innominate, 439 ; bronchial, 442 ; buc-

cal, 430
cardiac, 450, anterior, 450, great, 450,

posterior, 450; cava superior, 441, in-

ferior, 446; cephalic, 438; cerebellar,

435 ; cerebral, 433 ; cervical, ascending,

432, deep, 432 : choroid of brain, 433

;

circumtlex, iliac, 445, superficial, 444;

condyloid posterior, 432, 435 ; of corpora

cavernosa, 720; of corpus spongiosum,

446, 720 ; of corpus striatum, 433

;

cystic, 449

Veins or Vein (continued)

deep, or venre comites, 427 ; dental in-

ferior, 430; digital of hand, 438; of

diploe, 432 ; dorsi-spinal, 442
; of penis,

446 ; dorsalis nasi, 42S
;
pedis, 445

epigastric, 445 ;
superficial, 444 ; of ej-e-

ball, 587
facial, 428 ; femoral, 445 ; frontal, 428
of Galen, 450; gastric, 448; gastro-epi-

ploic, 448
;
gluteal, 445

haemorrhoidal, 446 ; of head, 428 ; hepatic,

448
iliac, common, 446 ; external, 445 ; inter-

nal, 445; ilio-lumbar, 446; inferior cava,

446 ; innominate, 439
;
intercostal, su-

perior, 440 ; interlobular, 649 ; inter-

osseous of forearm, 438; intralobular,

651;
jugular anterior, 431 ; external, 430 ; ex-

ternal posterior, 431 ; internal, 431
of Iridney, 706
labial inferior, 429 ; superior, 429 ; larjii-

geal, 440 ; lateral sacral, 446 ; lingual,

431 ; of liver, 648 ; longitudinal inferior,

435 ; lumbar, 447 ; ascending, 447
mammary internal, 440 ; masseteric, 430

;

mastoid, 430 ; maxillary internal, 430

;

median cutaneous, 438 ; basilic, 438

;

cephalic, 438 ; meduUi-spinal, 448 ; me-
ningeal, 430 ; meningo-rachidian, 442

;

mesenteric inferior, 448 ; superior, 448
nasal, 428
oblique, 449 ; obturator, 445 ; occipital,

4.30 ; oesophageal, 441 ; ophthalmic, 428,

436 ; ovarian, 447
palatine inferior, 429

;
palmar deep, 433

;

palpebral inferior, 428 ; superior, 428

;

pancreatic, 448
;
pancreatico-duodenal,

448
;
parotid, 430

;
peroneal, 445

;
pha-

ryngeal, 431
;

phrenic, 447
;

plantar,

external, 445 ; internal, 445
;
popliteal,

445; portal, 427, 448, 651; profunda
femoris, 445

;
pterygoid plexus, 430

;

pudic external, 444 ; internal, 445
;
pul-

monary, 450
radial, 487 ; ranine, 429 ; renal, 447, 707
sacral, middle, 446 ; lateral, 446 ; salva-

tella, 487 ;
saphenous external, or short,

444 ; internal, or long, 444, 749 ; sciatic,

445 ; sjjermatic, 447 ; spheno-palatine,

431 ; spinal, 442 ; splenic, 448 ; stylo-

mastoid, 430 ; subclavian, 439 ; sublo-

bular, 649, 651 ; submaxillarj^, 429

;

submental, 429, superficial, 427 ; supra-
orbital, 428 ; supra-renal, 447 ; supra-
scapular, 431 ; sural, 445 ; systemic, 427

temporal, 429; middle, 429; temporo-
maxiUary, 430 ; thyroid inferior, 440

;

middle, 432 ; superior, 432 ; tibial an-
terior, 445

;
posterior, 445 ; transverse

cervical, 431 ; facial, 430
iilnar anterior, 437, deep, 438, posterior,

487 ; umbilical, 674
vaginal of liver, 651 ; vasa brevia, 448

;

ventricular, 450; vertebral, 432 ; Vidian,
431

Veins, plexuses of, ovarian, 447, 738
;
pam-

piniform, 447, 722, 738
;
pharyngeal, 431

;

pterygoid, 430 ; spermatic, 447, 722
;

uterine, 446; vaginal, 446; vesico-pro-

static, 446
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Velum pendulum palati, 618 ; interpositum,

491
Vena cava, superior, 441 ; inferior, 446

;

foetal, cxsxix
VensB comites, 427 ; Thebesii, or minimse

cordis, 450, 665 ; vorticosse, 579 ; interlo-

bulares of kidney, 707 ; rectse of kidney,

707
Venter of ilium, 115 ; of scapula, 86
Ventricular veins, 450
Ventricles of brain, third, 492 ; fourth, 498

;

lining membrane of, 498; fifth, 490; lateral,

487 ; of corpus callosum, 485 ; of heart,

left, 669 ; right, 666 ; of larynx, 681
Vermiform process of cerebellum, superior,

495 ; inferior, 496
Vertebra dentata, 5 ;

prominens, 4, 6 ; deve-

lopment of, 11

Vertebrae, 2 ; cervical, 3 ; development of,

10 ; dorsal, 6
;
general characters, 2 ; liga-

ments of, 151 ; lumbar, 9 ; sacral, 12
structm'e of, 9

Vertebral aponeurosis, 242 ; artery, 364
column, 17 ; articulation of, 151 ; ossifi-

cation of, 11 ; foramen, 4 ; ligaments, 151
region, muscles of, anterior, 235; lateral,

236 ; ribs, 79 ; vein, 432
Vertebro-costal ribs, 79
Vertebro-sternal ribs, 79
Vertex of skull, 61
Verumontanum, 716
Vesical artery, inferior, 402 ; middle, 402;

superior, 402
;
plexus of nerves, 566

Vesicle, auditorj^, cxxxiii ; cerebral, cxxviii

;

germinal, cix ; ocular, cxxxii ; umbilical,

cix, cxix
Vesicles, Graafian, 736
Vesico-prostatic plexus of veins, 446
Vesico-uterine ligaments, 733
Vesicula prostatica, 715
Vesioulse seminales, 726 ; vessels and nerves

of, 727
Vesicular nervous matter, Ixix

Vestibular artery, 605 ; nerve, 605
Vestibule of ear, 699 ; aqueduct of, 33, 600

;

of vulva, 730
Vestigial fold of pericardiimi, cxxsix
Vibrissas, 572
Vidian artery, 350 ; canal, 38 ; nerve, 516
Vieussens, valve of, 494

VUli, 635
Viscera, abdominal, position of, in regions,

626 ;
pelvic, position of, at outlet of pelvis,

764
Vitelline membrane, cix ; duct, cxvi, cxlii

Vitellus, cix

Vitreous humom- of the eye, 586 ; table of
the skull, 1

Vocal cords, inferior or true, 681 ; superior

or false, 680
Voice, organs of, 676
Voluntary muscles, Ixiii

Vomer, 64 ; alse of, 54 ; articulations of, 55
;

development of, 56
Vortex of heart, 671
Vulva, 729 ; development of, cxlviii

Waters, Dr., researches on the lung, 695
Watney on the structure of villi, 635
Wharton's duct, 620
White substance, nervous, Ixx ; of Schwann,

Ixx

White fibrous tissue, Ixx, Ixxiii

Willis, circle of, 366
Winslow, foramen of, 627 ; ligament of, 192
AVisdom tooth, 611
Wolffian body, cxliii

Womb. See Uterus
Wormian bones, 42
Wrisberg, cartilages of, 678; ganglion of,

603 ; nerve of, 536
Wrist-joint, 180

Xiphoid appendix, 77

Y-shaped centre of acetabulum, 118
Yellow spot of retina, 682
Yellow elastic fibrous tissue, xliv

li

Yolk, cix ; cleavage of, cix

Zona pellucida, cix

Z3'goma, 30
Zygomatic arch, 68 ; fossas, 68 ; lymphatic

glands, 454
;
process, 30

Zygomaticus major muscle, 215 ; minor, 215
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London ; Physician to the Evelina Hospital for Sick Children ; Assistant-

Physician to King's College Hospital. Crown Svo, price \2s. iid.

T^R. PEREIRA'S MATERIA MEDICA AND
^^ THERAPEUTICS,

Abridged, and adapted for the use of Medical and Pharmaceutical Prac-
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£LEMENTS OF CHEMISTRY,
Theoretical and Practical. By William ALLEN MiLLER, M.D., D.C.L.,
LL,D., late Professor of Chemisti'y in King's College, London. Part I.
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CHEMICAL PNYSICS. Sixth Edition, revised by Herbert McLeod,
F. C.S., Professor of Experimental Science, Royal Indian Engineering
College, Cooper's Hill. With 274 Woodcuts. Svo, price i6j.

In the present Edition short notices of some former colleague, Mr. A. G. Greenhill, Pro-
of the most recent discoveries in those branches fessor of Applied Mathematics to the Advanced
of Physics which are related to Chemistry Class of the Royal Artillery Institution. Dr.
have been incorporated in the work, and several Andrews has also very kindly revised and cor-

new paragraphs have also been introduced, rected that portion of the book which contains
especially in the section on Polarization of an account of his researches on the Heat of
Light, a subject which is becoming of great Combination and the Condensation of Gases,
importance to the chemist in the study of many Nearly all the references have been verified,

organic compounds. and the year of publication introduced. It has
An attempt has been made to bring the ter- also been found advisable to recalculate all

minology into accord with the views of the pre- numbers which were capable of such treatment,
sent time, and in this the Editor has received and thus many inaccuracies have been dis-

much valuable assistance from !;is friend and
i

covered and removed.

lyriLLER'S ELEMENTS OF CHEMISTRY, Part IL
-'*-'- INORGANIC CHEMISTRY. iFifth Edition, revised, with Addi-

tions by tire same Editor. With 376 Woodcuts. Svo, price 21s,

IVriLLER'S ELEMENTS OF CHEMISTRY, Part III.
^^^ ORGANIC CHEMISTRY. Fifth Edition, revised, with Additions by

li. E. Armstrong, Ph.D., F.C.S., Professor of Chemistry in the London
Institution ; and by C. E. Groves, F.C.S., &c. Svo. [In the Press.

INTRODUCTION TO THE STUDY OF IN-
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By William Allen Miller, M.D., D.C.L., LL.D., late Professor of

Chemistry in King's College, London. With 71 Figures on Wood.
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By T. E. Thorpe, Ph.D., F.R.S.E., Professor of Chemistry in the

Andersonian University, Glasgow. With 8S Woodcuts. Small Svo, 4^-. bd.

QUALITATIVE 1:HEMICAL ANALYSIS AND
LABORATORY PRACTICE.
By T. E. Thorpe, Ph.D., F.R.S.E., Professor of Chemistry in the Ander-
sonian University, Glasgow; and M. M. Pattison Muie. With Plate

and 57 Woodcuts. Small Svo, price 3/. dd.
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Three Months' Summer Practice. By William Odling, M.A., F.R.S,,
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By Thomas Wood, Ph.D., F.C.S. l^hird Edition. Crown 8ro, 5^-.

NOTES ON THE METALS, by the same Author, Second Edition, price 5j.

INTRODUCTION TO THE STUDY OF CHEMI-
CAL PHILOSOPHY
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The Principles of Theoretical and Systematic Chemistry. By William
A. TiLDEN, D. Sc. Lond., F.C.S. Edited by C. W. Mermfield, F.R.S.

With 5 Woodcuts, Small Svo, price 3J. (>d.

7~HE ART OF ELECTRO METALLURGY
Including all known Processes of Electro-Deposition. By G. GoEE, LL.D.,
F.R.S. Edited by C. W. Merrifield, F.R.S. With numerous Wood-
cuts and Diagrams. - Small Svo, price 6.v.
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QELECT METHODS IN CHEMICAL ANA-
LYSIS, CHIEFLY INORGANIC.

ByWilliam Crookes, F.R.S., V.P.C.S. With 22 Woodcuts. Crown Svo,

price 12^-. bl.

HE HISTORY, PRODUCTS, AND PROCESSES
OF THE ALKALI TRADE.
Including the most recent Improvements. By Charles Thomas King-

zett, F.C.S., Lond. & Berlin, Member of the General Committee of the

British Association. Svo, with 30 Woodcuts, I2.(.

ANIMAL CHEMISTRY:
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By the same Author. [Nearly ready.

ON ARTIFICIAL MANURES,
^-^ Their Chemical Selection and Scientific Applications to Agriculture. By

Georges Ville. Translated from the Author's MS. and edited by

William Crookes, F.R.S., V.P.C.S. U» thepress.
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Its Constitution, Properties, Manufacture, and Derivatives, including Arti-

ficial Alizarin, Anthrapurpuvin, &c., with their"Applications in Dyeing and
Printing. By G. Auerbach. Translated by W. Crookes, F.R.S.
V.P.C.S. 8vo., price 12s.

PRACTICAL —j^gQQ™ QP DYEING
AND CALICO PRINTING.
By W. Crookes, F.R.S., V.P.C.S. With 11 Page Plates, 49 Specimens
of Dyed and Printed Fabrics, and 36 Woodcuts. 8vo, price 42J.

INDUSTRIAL CHEMISTRY;
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DRANDE'S DICTIONARY OF SCIENCE, LITE-^ RATURE, AND ART;
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Principles of nearly every brancli of Human Knowledge, Edited by the

Rev. Sir G. W. Cox, Bart., M.A., Author of ' The Aryan Mythology,'

&c., assisted by numerous Contributors. Revised Edition. 3 vols, medium
Svo, 63^.

IJRE'S DICTIONARY OF ARTS, MANUFAC-
*-^ TURES, AND MINES;

Containing a clear Exposition of their Principles and Practice. Seventh
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and by numerous Contributors. With above 2000 Woodcuts. 3 vols,
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TTOL. IV.—SUPPLEMENTARY,
' Completing all the Departments of the Dictionary to the beginning of the
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£LEMENTARY^Ti^ATISE ON PHYSICS
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Experimental and Applied, for the use of Colleges and Schools. Trans-
lated and edited from Ganot's Eliments de Physique (with the Author's
sanction) by E. Atkinson, Ph.D., F.C.S., Professor of Experimental
Science, Staff College, Sandhurst. Eighth Edition, revised and enlarged,

with 4 Coloured Plates and S20 Woodcuts. Large crown Svo, price 15J.

*^* In the present edition no otlier change has been made in the body
of the work than a slight alteration of the size of the page, wliich, with the

addition of some fresh matter, has increased by about sixty pages the size

of the book as it stood in tlie Seventli Edition. The new matter includes

sixty-two additional Illustrations,
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ment. With 8 Illustrations. 8vo, price 2a,s.

^IR AND ITS RELATIONS TO LIFE;
Being, with some Additions, the substance of a Course of Lectures delivered
at the Royal Institution of Great Britain. By Walter Noel Hartley,
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By J. Clerk IMaxwell, IM.A., LL.D. Edin., F.R.SS. L. & E., Professor
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By Richard Wormell, D.Sc, M.A., Head-Master of the Middle-Class
Corporation School, London. Edited by Professor G. C. Foster,
F.R.S., and P. Magnus, B.Sc, B.A. With 41 Diagrams. Fcp. 8vo,
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By Robert S. Ball, LL.D., F.R.S., Royal Astronomer of Ireland.
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